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vincristine, prednisone
CI—confidence interval
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CINV—chemotherapy-induced nausea 
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CLL—chronic lymphocytic leukemia
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CNS—central nervous system
COPD—chronic obstructive pulmonary 

disease
C-PEC—containment primary 

engineering control
CPK—creatine phosphokinase
CR—complete response
CrCl—creatinine clearance
CRF—cancer-related fatigue
CRS—cytokine release syndrome
CSTD—closed-system drug-transfer 

device
CT—computed tomography
CTCAE—Common Terminology Criteria 

for Adverse Events
CTEP—Cancer Therapy Evaluation 

Program
CTLA-4—cytotoxic T-lymphocyte antigen 4
CTZ—chemoreceptor trigger zone
CVD—cardiovascular disease
CYP—cytochrome P450
D5W—5% dextrose in water
DBP—diastolic blood pressure
DEHP—di(2-ethylhexyl) phthalate
DHEA—dehydroepiandrosterone
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EGFR—epidermal growth factor receptor
EGFRI—epidermal growth factor receptor 
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EML4—echinoderm microtubule-
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EPO—erythropoietin
ESA—erythropoiesis-stimulating agent
estCrCl—estimated creatinine clearance
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Anorexia/Cachexia Therapy
FDA—U.S. Food and Drug Administration
FDG—fluorodeoxyglucose
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5-FU—5-fluorouracil
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FLT3-ITD—FLT3–internal tandem 

duplication
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GM-CSF—granulocyte macrophage–
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HAMAs—human anti-mouse antibodies
HBsAg—hepatitis B surface antigen
HBV—hepatitis B virus
HCl—hydrochloride
HCV—hepatitis C virus
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HCW—healthcare worker
HD—hazardous drug
HDAC—histone deacetylase
HEPA—high-efficiency particulate air
HER—human epidermal growth factor 

receptor
Hgb—hemoglobin
HGFR—hepatocyte growth factor receptor
HIF-1—hypoxia-inducible factor-1
HIPEC—heated intraperitoneal 

chemotherapy
HIV—human immunodeficiency virus
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HNC—head and neck cancer
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carcinoma
HPV—human papillomavirus
HR—hormone receptor
HSC—hematopoietic stem cell
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HTN—hypertension
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Association

IC—informed consent
IDH2—isocitrate dehydrogenase
IFN—interferon
IFRT—involved-field radiation therapy
Ig—immunoglobulin
IgE—immunoglobulin E
IGF-1R—insulin-like growth factor 1 

receptor
IL—interleukin
ILD—interstitial lung disease
IM—intramuscular
IND—investigational new drug
INR—international normalized ratio
INSR—insulin receptor
irAE—immune-related adverse event
IRB—institutional review board
ISMP—Institute for Safe Medication 

Practices
ISONG—International Society of Nurses 

in Genetics
ISOO—International Society of Oral 

Oncology
IT—intrathecal
IV—intravenous
IVP—intravenous push
IVPB— intravenous piggyback
JAK2—Janus kinase-2
LDH—lactate dehydrogenase
LFT—liver function test
LH—luteinizing hormone
LHRH—luteinizing hormone–releasing 

hormone
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LV—leucovorin
LVEF—left ventricular ejection fraction
M—mitosis
mAb—monoclonal antibody
MAP—mitogen-activated protein
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Supportive Care in Cancer
MCV—mean corpuscular volume

MDR1—multidrug resistance protein 1
MDS—myelodysplastic syndrome
MHC—major histocompatibility complex
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MRI—magnetic resonance imaging
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Staphylococcus aureus
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mTOR—mammalian target of rapamycin
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NaCl—sodium chloride
NCCN—National Comprehensive Cancer 
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NCI—National Cancer Institute
NDA—new drug application
NET—neuroendocrine tumor
NHL—non-Hodgkin lymphoma
NIDDK—National Institute of Diabetes 

and Digestive and Kidney Diseases
NIOSH—National Institute for 

Occupational Safety and Health
NK1—neurokinin-1
NK—natural killer
NKT—natural killer T
NLM—National Library of Medicine
NPH—neutral protamine Hagedorn
NS—normal saline
NSAID—nonsteroidal anti-inflammatory 

drug
NSCLC—non-small cell lung cancer
n/v—nausea and vomiting
NYHA—New York Heart Association
O2—oxygen
OAC—oral agent for cancer
OBI—on-body injector
ONS—Oncology Nursing Society
OSHA—Occupational Safety and Health 

Administration
PAP—prostatic acid phosphatase
PARP—poly(ADP-ribose) polymerase
PCR—polymerase chain reaction
PD-1—programmed cell death protein 1
PDE5—phosphodiesterase type 5
PDGF—platelet-derived growth factor
PDGFR—platelet-derived growth factor 

receptor
PD-L1—programmed cell death-ligand 1
PD-L2—programmed cell death-ligand 2
PE—pulmonary embolism
PEB—cisplatin, etoposide, bleomycin
PEG-G-CSF—pegylated granulocyte–

colony-stimulating factor
PEP—Putting Evidence Into Practice
PERCIST—Positron Emission 

Tomography Response Criteria in Solid 
Tumors

PET—positron-emission tomography
PET-CT—positron-emission tomography–

computed tomography
PFT—pulmonary function test
PFU—plaque-forming units

P-gp—P-glycoprotein
Ph—Philadelphia chromosome
PI3K—phosphoinositide 3-kinase
PJP—Pneumocystis jiroveci pneumonia
PML—progressive multifocal 

leukoencephalopathy
PMN/poly—polymorphonuclear neutrophil
pNET—pancreatic neuroendocrine tumor
PO—by mouth
PPE—personal protective equipment
PPI—proton pump inhibitor
PR—partial response; progesterone 

receptor
PRES—posterior reversible 

encephalopathy syndrome
PRN—as needed
PRO—patient-reported outcomes
PROMIS SexFS—Patient-Reported 

Outcomes Measurement Information 
System Sexual Function and 
Satisfaction Measure

PT—prothrombin time
PVC—polyvinyl chloride
Q5M—every 5 minutes
Q10M—every 10 minutes
Q15M—every 15 minutes
QID—four times daily
QOL—quality of life
QTc—QT interval corrected
QTcF—corrected QT interval using 

Fridericia’s calculation
RANK—receptor activator of nuclear 

factor kappa-B
RANKL—receptor activator of nuclear 

factor kappa-B ligand
RBC—red blood cell
RCC—renal cell carcinoma
RECIST—Response Evaluation Criteria in 

Solid Tumors
rHu—recombinant human
RIT—radioimmunotherapy
RNA—ribonucleic acid
RPLS—reversible posterior 

leukoencephalopathy syndrome
RR—relative risk
RSO—radiation safety officer
RT—radiation therapy
S—synthesis
SBP—systolic blood pressure
SC—subcutaneous
SCF—stem cell factor
SCLC—small cell lung cancer
SCP—survivorship care plan
SCr—serum creatinine
SDS—safety data sheet
segs—segmented neutrophils
SERM—selective estrogen receptor 

modulator
SIADH—syndrome of inappropriate 

antidiuretic hormone secretion
SIR—standardized incidence ratio
6-MP—6-mercaptopurine
SLAMF7—signaling lymphocytic 

activation molecule family member 7
SLL—small lymphocytic lymphoma
SMN—second malignant neoplasm
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Preface

It is with great pride that we introduce the first edition of the Oncology Nursing Society’s Chemotherapy and Immuno-
therapy Guidelines and Recommendations for Practice. This book is an update of the classic foundational volume, Chemother-
apy and Biotherapy Guidelines and Recommendations for Practice, which had four editions published. The new title empha-
sizes the existence of many new categories of drugs that use the immune system to support or treat patients with cancer. 

In fact, the book has been completely reorganized to include a new chapter on immunotherapy. This chapter details 
six categories of immunotherapeutic approaches: checkpoint inhibitors, chimeric antigen receptor T-cell therapy, cyto-
kines, monoclonal antibodies (including radioimmunotherapy), immunomodulators, and oncolytic viral therapies. 
Other chapters that have been added or expanded include those on chemotherapy agents, molecularly targeted anti-
neoplastic agents, and hormone therapy. Drug tables in each chapter include detailed information to guide nurses dur-
ing administration of antineoplastic therapy and supportive care medications. New figures, tables, and algorithms are 
included to provide quick access to content.

The pathophysiology and management of toxicities related to antineoplastic treatment are extensively detailed within 
individual chapters, with evidence-based guidelines to direct nursing practice. The timely addition of the unique side 
effects of immunotherapy agents and their management is important, as nurses gain knowledge to expertly recognize 
and manage these serious and potentially life-threatening toxicities. Safe administration of cancer therapies, including 
a chapter to guide oncology nurses in the prevention and management of infusion-related reactions (e.g., hypersensi-
tivity, cytokine release syndrome, infiltration and extravasation), is included, with current evidence-based strategies.

The new volume provides content on professional considerations such as scope and standards, professional educa-
tion, policies and procedures, antineoplastic medication safety, ethical and legal issues, and patient education. Adher-
ing to national, state, and institutional standards is a fundamental responsibility of all nurses. The guidelines explain 
and reference standards that oncology nurses should be aware of and follow. Each section details the requirements of 
these standards for nurses.

The editors want to thank all the contributors who came forward to make this publication a reality. This work builds 
upon the knowledge of many generations of oncology nurses and has been used both nationally and internationally 
to inform oncology nursing practice. We are proud to continue to serve oncology nurses throughout the world with an 
essential resource to guide their practice.

MiKaela M. Olsen, APRN-CNS, MS, AOCNS®, FAAN
Kristine B. LeFebvre, MSN, RN, AOCN®

Kelly J. Brassil, PhD, RN, AOCNS®
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CHAPTER 1

Professional Practice 
Considerations

A. Scope and standards
1. Administration of chemotherapy, targeted ther-

apy, and immunotherapy in a variety of settings 
is within the oncology nurse’s scope of practice 
(Brant & Wickham, 2013).

2. Professional nursing practice is defined and reg-
ulated at four levels (American Nurses Associa-
tion, 2015).
a) Practice is defined nationally through the 

scopes and standards of practice, codes of 
ethics, and specialty certifications.

b) States regulate practice through boards of 
nursing and nurse practice acts.

c) Institutions outline policies and procedures.
d) Nurses are individually licensed and conse-

quently are responsible for their individual 
decisions and actions.

3. In 2008, the American Society of Clinical Oncol-
ogy (ASCO) and the Oncology Nursing Society 
(ONS) began an ongoing collaboration to define 
and later revise safety standards for chemother-
apy and other antineoplastic agents. The ASCO/
ONS Chemotherapy Administration Safety Stan-
dards (Neuss et al., 2016) address staffing-related 
issues, antineoplastic therapy planning, docu-
mentation, orders, preparation, patient educa-
tion, administration, and monitoring, with appli-
cation to all settings and patient populations.

B. Professional education
1. To promote a safe level of care for individuals 

receiving chemotherapy, targeted therapy, and 
immunotherapy, each institution or supporting 
agency should provide specialized education 
and preparation consisting of didactic learning 
followed by successful completion of a clinical 
practicum (ONS, 2017).

2. Didactic content is comprehensive, current, and 
evidence based. At the conclusion of the didac-
tic course, the nurse demonstrates an under-

standing of the following, as identified in the 
ONS (2017) position statement on the educa-
tion of the nurse who administers chemotherapy,  
targeted therapy, and immunotherapy:
a) Types, classifications, and routes of admin-

istration
b) Pharmacology of agents, regardless of indi-

cations for use
c) Pertinent molecular biomarkers
d) Chemotherapy and radiation therapy  

protectants
e) Principles of safe preparation, storage, label-

ing, transportation, and disposal of agents
f) Administration procedures
g) Appropriate use and disposal of personal pro-

tective equipment (PPE)
h) Assessment, monitoring, and management of 

patients receiving therapy in the care setting
i) Patient and family education for these agents, 

specific to side effects and related symptom 
management, and process for urgent and 
ongoing follow-up

j) Assessment of, education on, and man-
agement of post-treatment care, including 
follow-up care procedures, late or long-term 
side effects, and physical and psychosocial 
aspects of survivorship

3. The clinical practicum allows the nurse to apply 
the knowledge gained in the didactic compo-
nent to direct patient care situations. Empha-
sis is placed on the clinical skills that a nurse 
must demonstrate prior to being deemed com-
petent to administer chemotherapy, targeted 
therapy, and immunotherapy (see Appendi-
ces A and B). At the completion of the clinical 
practicum, the nurse will be able to perform 
the following:
a) Demonstrate proficiency regarding the safe 

preparation (when applicable), storage, trans-
port, handling, spill management, adminis-
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tration, and disposal of antineoplastic drugs 
and equipment.

b) Identify appropriate physical and laboratory 
assessments for specific agents.

c) Demonstrate skill in venipuncture, includ-
ing vein selection and maintenance of the 
site during and after drug administration.

d) Demonstrate skill in the care and use of var-
ious vascular access devices.

e) Identify patient and family education needs 
in relation to agents.

f) Identify acute local or systemic reactions 
(including extravasation and anaphylaxis) 
in association with antineoplastic drugs, and 
identify appropriate interventions.

g) Demonstrate proficiency in the safe admin-
istration of hazardous drugs (HDs) and dis-
posal of contaminated waste and equipment.

h) Demonstrate knowledge of institutional pol-
icies and procedures regarding antineoplas-
tic administration.

i) Document pertinent information in the med-
ical record.

4. Clinical activities
a) Pair nurses who are new to antineoplastic 

drug administration with an experienced 
nurse who can serve as preceptor, providing 
clinical supervision and instruction (Lock-
hart, 2016).

b) The preceptor and the nurse establish spe-
cific objectives at the beginning of the clini-
cal practicum. Ideally, the nurse and precep-
tor select an assignment of patients, and the 
nurse assumes responsibility for planning and 
providing care for these patients under the 
guidance and supervision of the preceptor.

c) The length of time spent in the clinical 
practicum should be individualized depend-
ing on the nurse’s ability and skill in meet-
ing the specific objectives and institutional 
requirements.

d) The nurse should become proficient and 
independent in administering nonvesicants 
before progressing to vesicant administra-
tion.

e) Various clinical settings can be used for the 
nurse to demonstrate competence in anti-
neoplastic drug administration. It may not be 
realistic for all settings or agencies to provide 
on-site education and training. Alternative 
methods can be used, such as the following:

(1) Contracting with larger institutions for 
didactic education or clinical experi-
ence, including experience for spe-
cific needs (e.g., vesicant, nonvesi-

cant, IV push, short infusion, contin-
uous infusion)

(2) Creating or using a simulated labora-
tory to substitute for the clinical com-
ponent

5. Evaluation: An evaluation tool based on the 
desired outcomes should be used to document 
the nurse’s knowledge of and competency in 
the following:
a) Agents and the associated nursing implica-

tions
b) Technical skills required for the administra-

tion of agents (e.g., dose calculation, veni-
puncture, access device management)

c) Patient and family education about the treat-
ment regimen

d) Steps to take in the event of an untoward 
response following drug administration 
(e.g., anaphylaxis, hypersensitivity reaction, 
extravasation)

6. Competency may be verified in a simulated set-
ting (e.g., skills laboratory) or as a precepted 
experience in the clinical setting. Individualize 
the evaluation/documentation tool to meet the 
needs of the new nurse and the practice setting, 
including a minimum number of observed and 
documented antineoplastic drug administra-
tions. Observed administration of at least three 
different agents, types, and routes (i.e., nonvesi-
cant and vesicant; IV push and short-term infu-
sion) is recommended.

7. Annual continuing education and ongoing com-
petency assessment are required of staff who 
order, prepare, and administer antineoplastic 
agents (Neuss et al., 2016).
a) Educational content should be designed to 

meet the needs of staff in the healthcare set-
ting and emphasize new information available.

(1) Methods that may be used to identify 
needs include but are not limited to 
clinical observation, literature review, 
staff or patient survey, chart audits, and 
quality improvement studies.

(2) Potential topics include new drugs or 
drug delivery, reinforcement or train-
ing on policies and procedures, and 
prevention and management of treat-
ment toxicities.

b) Competency assessment is ongoing, may be 
done by peers or supervisory staff, and is 
measured in several ways (Lockhart, 2016). 
Examples include the following:

(1) Testing: Provide a packet of articles for 
the staff to read or a live educational 
program followed by an open-book 



Chapter 1. Professional Practice Considerations 5

test to measure knowledge. Consider 
a pre- and post-test to measure individ-
ual knowledge gains.

(2) Return demonstration: Competency 
checklists can be used to document 
performance of a technical skill, such 
as the donning and doffing of PPE used 
during drug administration. Staff can 
also be observed and evaluated using a 
scoring rubric with a checklist of crite-
ria detailing the steps to take in prac-
tice. Examples include monitoring a 
nurse administering a vesicant or com-
pleting dose verification. Actions can 
be observed in practice or a simulated 
environment and later debriefed.

(3) Simulation: Simulation provides a 
safe environment for staff to practice 
clinical and critical-thinking skills. 
Staff can face a clinical challenge and 
problem-solve the steps to be followed, 
such as a patient experiencing an infu-
sion reaction or extravasation. Asking 
nurses, “What would you do if . . .” chal-
lenges them to consider the implica-
tions of their actions. When a simula-
tion lab is not available, it can be done 
through role-playing and mock scenar-
ios in nearly any location.

8. Antineoplastic medications administered out-
side designated oncology areas: The ONS (2017) 
position statement on the education of the nurse 
administering and providing care to patients 
receiving chemotherapy, targeted therapy, and 
immunotherapy applies to antineoplastic drugs 
regardless of route, indication, patient popula-
tion, or setting.
a) All nurses should be knowledgeable about the 

drugs they administer: the mode of action, 
side effects, and toxicity; dosage range, rate 
of administration, and route of excretion; 
potential responses; and interactions with 
other medications and foods.

b) The format, length, and specific focus of edu-
cational initiatives, both didactic education 
and the clinical experience, may vary accord-
ing to the needs of the staff and setting. Select 
staff may require drug- or disease-specific 
education, whereas others will require com-
prehensive education for all antineoplastic 
medications.

c) Address the educational plan for all individ-
uals working with chemotherapy, targeted 
therapy, and immunotherapy within insti-
tutional policy.

C. Policies and procedures
1. Policies should be developed using a systematic, 

evidence-based approach to promote standard-
ization of practice within an institution. They 
identify and communicate expectations of prac-
tice (Dols et al., 2017).

2. Once a policy has been implemented, it is imper-
ative that it be enforced and followed by staff. 
Individuals can be held liable if patient harm 
results from failure to follow a policy. Institu-
tions can have liability if a policy is not clear, 
contrasts with another policy, or could be inter-
preted in different ways.

3. Collaboration between departments and pro-
fessionals is recommended when creating anti-
neoplastic policies and procedures. Input from 
pharmacy, medicine, nursing, environmental 
services, occupational health, and other depart-
ments will result in a more comprehensive policy.

4. Policies related to antineoplastic drug therapy 
address processes designed to promote the safe 
and efficient care of patients receiving these med-
ications, regardless of setting or department. 
Topics include the following (Neuss et al., 2016):
a) Qualifications, including initial educational 

and ongoing competency requirements, cre-
dentialing process, and documentation of 
staff who order, prepare, and administer 
chemotherapy, targeted therapy, and immu-
notherapy

b) HD management, including safe drug receipt, 
storage, compounding, transport, PPE, equip-
ment used to administer HDs, administra-
tion, post-treatment care, spill management, 
disposal of HDs, alternative duty, and med-
ical surveillance (U.S. Pharmacopeial Con-
vention, 2016)

c) Order writing and dose verification, includ-
ing process, standard regimens, rounding, 
cumulative dose, order format, and commu-
nication of modifications

d) Informed consent process
e) Toxicity monitoring, including standard-

ized documentation and communication 
of toxicities

f) Procedures for care in medical emergencies
g) Communication of status during transitions 

of care
h) Reporting of adverse events and near misses

D. Antineoplastic medication safety
1. Prevalence of medication errors: Medication 

errors cause nearly one death daily and 1.3 
million injuries annually (U.S. Food and Drug 
Administration [FDA], 2017b).
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2. Chemotherapy and other antineoplastic drugs 
are classified as high-alert medications by the 
Institute for Safe Medication Practices (ISMP, 
2014). These medications have narrow thera-
peutic indices and multiple potential toxicities 
and often are administered in complex regi-
mens, protocols, and schedules (Griffin, Gil-
bert, Broadfield, Easty, & Trbovich, 2016; Kull-
berg, Larsen, & Sharp, 2013).

3. Errors may occur at any point during the drug 
delivery process (Kullberg et al., 2013; Schwap-
pach & Wernli, 2010; White, Cassano-Piché, 
Fields, Cheng, & Easty, 2014).
a) Ordering/prescribing: unclear or erroneous 

orders, drug calculation errors, omission of 
antineoplastic or supportive drugs or hydra-
tion, input and transcription errors, errors 
in cycle or day, cumulative dose documenta-
tion or tracking

b) Drug preparation: staging/loading the bio-
safety cabinet with incorrect equipment and 
supplies, rounding doses, reconstitution, 
compounding, label application, dispensing

c) Drug administration: incorrect drug or dose, 
schedule or timing errors, patient identifica-
tion errors, infusion rate errors, route errors

4. Contributing factors to medication errors (Fyhr, 
Ternov, & Ek, 2017; Keers, Williams, Cooke, & 
Ashcroft, 2013; Shulman, Miller, Ambinder, Yu, 
& Cox, 2008; World Health Organization, n.d.)
a) Poor communication among healthcare pro-

fessionals or with patients
b) Look-alike, sound-alike medications
c) “Batching” or preparing more than one 

agent at a time
d) Distractions/interruptions
e) Heavy workload, fatigue, stress
f) Lack of systematic processes
g) Medication supply and storage issues (e.g., 

drugs of similar names or dosage strengths 
stored in close proximity)

h) Equipment failures
i) Inadequate knowledge or experience of those 

ordering, preparing, or administering agents
j) Patient factors: literacy, language barriers, 

complexity of care
5. System safeguards: The following strategies have 

been used to reduce the risk of medication errors 
in antineoplastic administration (Goldspiel et al., 
2015; ISMP, 2014; Neuss et al., 2016; ONS, 2017).
a) Develop policies and procedures using inter-

professional collaboration, and include strat-
egies to promote adherence.

b) Establish a process of educational preparation 
and competency of those administering, pre-

paring, or ordering chemotherapy, targeted 
therapy, or immunotherapy. Nurses admin-
istering antineoplastic agents are RNs qual-
ified by education and training.

c) Ensure current drug information and 
resources for drug dosing, administration, 
and side effects are readily available.

d) Follow standards regarding chemotherapy, 
targeted therapy, and immunotherapy orders.

(1) Orders are signed manually or by elec-
tronic approval by credentialed pre-
scribers (ISMP, 2017; Neuss et al., 2016).

(2) Verbal orders for chemotherapy, tar-
geted therapy, and immunotherapy 
medications are not permitted, except 
to hold or stop drugs (ISMP, 2017; Neuss 
et al., 2016).

(3) Text messaging of patient care orders 
is not permitted (Joint Commission, 
2016). 

(4) Standardized electronic or preprinted 
orders should be used for chemother-
apy, targeted therapy, and immuno-
therapy (ISMP, 2010; Neuss et al., 2016).
(a) Orders should be regimen based 

and include the elements outlined 
by current safety standards.

(b) Use of standardized, regimen- 
based preprinted or electronic 
orders has been shown to increase 
evidence-based oncology care 
and decrease errors (Meisen-
berg, Wright, & Brady-Copertino, 
2014). The National Comprehen-
sive Cancer Network® (www.nccn 
.org) has disease-specific guide-
lines and chemotherapy order 
templates that include suggested 
patient monitoring for cancer 
type and stage (e.g., type and 
timing of imaging) and treat-
ment regimen (e.g., toxicity mon-
itoring). See Appendix C for an 
example of a chemotherapy order 
template.

(c) Avoid the use of abbreviations, 
acronyms, and other ambiguous 
methods of communicating drug 
information.

(5) Safety advantages reported with the 
use of electronic prescribing over pre-
printed orders include the removal of 
interpretation or transcription errors, 
availability of information about drug 
doses and schedules, automatic calcu-

http://www.nccn.org
http://www.nccn.org
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lation of medication doses, and alert 
and error-checking functions (Aita et 
al., 2013). However, some errors spe-
cific for oncology include “cut and 
paste” errors—propagation of errors 
from cutting and pasting, and errors 
resulting from dose reduction or med-
ication changes not being propagated 
into future cycles.

(6) A policy should be in place for prescrib-
ing chemotherapy, targeted therapy, 
and immunotherapy regimens that vary 
from standard regimens. For example, 
the prescriber may be required to doc-
ument supporting references for the  
variance.

e) Use safety measures provided in electronic 
health record systems, such as drug inter-
action alerts, cumulative dose calculation 
(when applicable), and override restrictions 
(Weingart, Zhu, Young-Hong, Vermilya, & 
Hassett, 2014).

f) Require at least two practitioners approved 
by the healthcare setting to administer or 
prepare antineoplastic agents to perform 
dose and drug verification for all routes of 
delivery before preparation, upon prepara-
tion, and prior to the administration of che-
motherapy, targeted therapy, and immuno-
therapy (Neuss et al., 2016).

(1) Independent dual verification (i.e., 
independent double checks): A pro-
cess in which a second person con-
ducts a verification of the accuracy of 
the prescribed therapy, without reveal-
ing findings to the other verifier until 
both have completed the process (ISMP 
Canada, 2005).

(2) Numerous studies have demonstrated 
the ability of independent double 
checks to detect up to 95% of errors 
(Grasha, Reilley, Schell, Tranum, & Fil-
burn, 2001; White et al., 2010).

(3) Checklists may help promote a con-
sistent process (White et al., 2010; see 
Appendix D).

(4) Prior to administering antineoplas-
tic agents, review the treatment plan 
and verify orders, the medication, the 
patient, and the pump programming 
(Neuss et al., 2016). See Chapter 11 
for greater detail on dose verification.

(5) Conducting a comprehensive review 
of the medication orders rather than 
simply comparing the product to the 

order is invaluable in catching prescrib-
ing errors (ISMP, 2013).

(6) Perform drug and dose verification in 
a distraction-free setting.

g) Establish procedures for emergency pre-
paredness.

(1) Provide 24/7 triage to a provider—for 
example, on-call practitioners or emer-
gency departments (Neuss et al., 2016).

(2) At least one clinical staff member cer-
tified in basic life support must be 
present during chemotherapy admin-
istration. Staff certified in advanced 
cardiac life support or pediatric 
advanced life support may be indi-
cated depending on the setting and 
types of treatments delivered (Neuss 
et al., 2016).

(3) Policies, procedures, and standard-
ized orders should be in place for the 
management of medical emergencies 
(Schiavone, 2009). Procedures include 
the process for monitoring/tracking 
the availability and readiness of emer-
gency equipment and expiration date 
on medications, including antidotes 
and rescue agents.

(4) Educate staff regarding who to call 
and the process for contacting the 
provider/team (e.g., outpatient nurses 
need to be clear as to whether they 
should contact 911 or the institution’s 
code team).

(5) Orders for the treatment of infusion 
emergencies should be available to 
enable immediate intervention without 
waiting for the provider’s order. Indi-
cations for each medication should be 
clearly defined (e.g., indications for epi-
nephrine, diphenhydramine, steroids).

(6) All team members should understand 
their role and responsibilities in an 
emergency situation.

(7) Verify that emergency equipment and 
supplies, including oxygen, are avail-
able and working and that staff are 
aware of their location. Infusion chairs 
should be functional to change posi-
tion if needed.

(8) Extravasation: Establish policies, pro-
cedures, and standardized orders and 
have antidotes in place for the man-
agement of vesicant extravasation 
(ISMP, 2016; Neuss et al., 2016; see 
Chapter 13).
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(a) Staff must be knowledgeable 
regarding the management of 
extravasation, the location of 
orders, and the process for obtain-
ing antidotes.

(b) Coupled order sets (e.g., inclusion 
of an order on the antineoplastic 
therapy order set, such as “Initiate 
extravasation orders for suspected 
extravasation”) permit the prompt 
and evidence-based management 
of emergencies such as extravasa-
tion (ISMP, 2016).

(9) Ensure that antidotes or rescue agents 
(where applicable) and directions for 
use are readily available (ISMP, 2016; 
Nelson, Moore, Grasso, Barbarotta, & 
Fischer, 2014).

(10)  Conduct process improvement projects 
and educational programs designed 
to provide patients with prompt, 
evidence-based interventions.
(a) Evaluate previous emergent situ-

ations to determine what worked 
and areas for improvement.

(b) Consider running mock codes 
and mock infusion reactions. 
Numerous studies have shown that 
these drills increase practitioner 
proficiency and confidence and 
decrease anxiety (Dorney, 2011; 
Ruesseler et al., 2012; Scaramuzzo, 
Wong, Voitle, & Gordils-Perez, 
2014).

h) Communication and handoffs: Implement 
a standardized process to promote effec-
tive handoffs between nurses and between 
care sites (as applicable to role) for patients 
receiving antineoplastic therapy (Neuss et 
al., 2016).

(1) Nursing bedside rounds and interpro-
fessional rounds have been found to 
increase communication and decrease 
errors (Garcia-Alonso, 2011; Taylor, 
2015).

(2) Document any missed patient appoint-
ments or treatments, and follow up 
with the patient and other members 
of the healthcare team (Neuss et al., 
2016).

(3) Document an accurate treatment sum-
mary, including history, previous can-
cer treatments, and current treatment 
when a patient is transferred to a dif-
ferent healthcare setting. The ASCO 

Institute for Quality has example tem-
plates on its website (www.institutefor 
quality.org/cancer-treatment-plan-and 
-summary-templates).

i) Provide ongoing patient education, including 
information, motivation, and encouragement 
to patients to become “vigilant partners” in 
safety measures (Bruce, 2013; Schwappach 
& Wernli, 2010).

6. Drug shortages
a) Drug shortages can have significant clinical 

effects (Becker et al., 2013; Fox, Sweet, &  
Jensen, 2014; McBride et al., 2013).

(1) Treatment outcomes can be affected by 
omitted or reduced doses from delays 
or changes in treatment regimens.

(2) Medication errors
(a) Healthcare providers are not 

knowledgeable about substitute 
medications when the preferred 
drug is unavailable, potentially 
resulting in errors in dosing, 
adverse effects, and drug inter-
actions.

(b) A different concentration or brand 
is purchased, potentially affect-
ing how the dose is prepared, dis-
pensed, and administered.

(c) Look-alike/sound-alike medica-
tions are purchased from a dif-
ferent manufacturer.

(3) Increased costs
(a) Cost of replacement medica-

tions may be significant. Becker 
et al. (2013) noted a 1,704% cost 
increase when paclitaxel was 
replaced by docetaxel for a single 
treatment.

(b) Labor costs are associated with 
seeking sources for replacement 
supplies, managing inventory, 
updating computer systems for 
replacement medications, and 
educating staff.

b) The Food and Drug Administration Safety 
and Innovation Act, which became law in 
2012, requires pharmaceutical companies to 
notify FDA when a product may be affected 
by production changes or manufacturing 
interruptions (U.S. FDA, 2014).

c) FDA (2017a) works with manufacturers to 
minimize the impact of drug shortages. A 
list of drugs in short supply is maintained on 
the FDA website (www.fda.gov/Drugs/Drug 
Safety/DrugShortages/default.htm).

http://www.instituteforquality.org/cancer-treatment-plan-and-summary-templates
http://www.instituteforquality.org/cancer-treatment-plan-and-summary-templates
http://www.instituteforquality.org/cancer-treatment-plan-and-summary-templates
http://www.fda.gov/Drugs/DrugSafety/DrugShortages/default.htm
http://www.fda.gov/Drugs/DrugSafety/DrugShortages/default.htm
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CHAPTER 2

Ethical and Legal Issues

A. Ethical issues related to cancer therapy
1. The healthcare environment necessitates that 

nurses be sensitive to ethical and legal issues. 
Concerns arise in the care of all patients, but 
the intensity is often greater in the cancer pop-
ulation, as patients, families, and healthcare pro-
fessionals face frequent and potentially difficult 
moral choices.

2. Ethical issues related to cancer therapy
a) Healthcare realities that present potential 

ethical issues
(1) Major advances with increased availabil-

ity and access to medical technology, 
heightened expectations, and chang-
ing moral attitudes combine to gener-
ate complex ethical and legal problems 
related to cancer and palliative care 
(Bressler, Hanna, & Smith, 2017; Butts 
& Rich, 2016). In particular, the use of 
life-sustaining measures may raise eth-
ical questions when healthcare profes-
sionals do the following:
(a) Fail to discuss patient requests 

before a crisis develops
(b) Are reluctant or fail to commu-

nicate medical treatment options 
with a stressed and grief-stricken 
family

(c) Fail to consider supportive care 
measures

(d) Experience moral distress related 
to personal values or biases (Kates, 
2017; Sirilla, Thompson, Yamo-
koski, Risser, & Chipps, 2017; Sisk, 
Frankel, Kodish, & Isaacson, 2016; 
Sullivan & Dickerson, 2016)

(2) Changing healthcare environment: 
Staffing shortages, reallocation of 
resources, consolidation, and corpo-
ratization have resulted in growing 
administrative dominance over clin-
ical practice (Agency for Healthcare 
Research and Quality, 2017; Centers 

for Medicare and Medicaid Services, 
n.d.; Page, 2004).

b) Large numbers of underinsured and undoc-
umented individuals: Even for people with 
health insurance, copayments or deductibles 
can lead to substantial debt. 

(1) Financial toxicity has been described as 
the devastating impact of out-of-pocket 
costs to individuals in their efforts to 
balance payments for cancer care with 
other life expenses, such as food, fam-
ily, home, and transportation.

(2) Children and the working poor are 
most affected by limited coverage and 
higher deductibles. Other protected 
groups include prisoners and the home-
less, whose payment for care must also 
be addressed (Lyckholm & Glancey, 
2016; Zafar, 2016).

(3) Some people with insurance are 
unable to obtain reimbursement 
for certain treatments, such as bone 
marrow transplantation, clinical tri-
als, or off-label use of medications 
(Brown, Markus, & Bales, 2016; Cen-
ters for Medicare and Medicaid Ser-
vices, n.d.; Shaw, Asomugha, Conway, 
& Rein, 2014).

c) Expanding awareness and appreciation of 
cultural diversity

(1) Cultural diversity includes factors 
such as social status, culture, reli-
gion, personality, race/ethnicity, 
age, gender, sexual orientation, and 
decision-making ability.

(2) Cultural and communication differ-
ences and protections present a range of 
challenges, from discussion of surveil-
lance, diagnosis, and prognosis to deci-
sions about who will provide long-term 
care (Agency for Healthcare Research 
and Quality, 2017; Bressler et al., 2017; 
Butts & Rich, 2016).
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d) Use of alternative therapies
(1) Evidence-based complementary and 

alternative medicine, in conjunction 
with or as a substitute for conventional 
treatment, is affected by variations in 
individual response to cancer and its 
treatment, the need for a sense of con-
trol, belief in individual rights and 
determination, and cultural and spiri-
tual beliefs. The use of such therapies 
is often limited by caregiver beliefs.

(2) In the search for cancer care with min-
imal side effects, survivors and families 
often embark on unproven therapies, 
which can cause adverse outcomes and 
insurmountable cost (Johnson, Park, 
Gross, & Yu, 2017).

(3) Oncology nurses must be educated 
about alternative methods to pro-
vide education about reliable options 
(American College of Surgeons Com-
mission on Cancer, 2015; Butts & Rich, 
2016; Cox et al., 2017; Fouladbakhsh, 
2013).

e) Heightened use of targeted therapies, growth 
of management guidance for those with 
genetic mutations, and molecular testing: As 
personalized therapies become more com-
mon, healthcare professionals are expected to 
apply this knowledge to practice and be aware 
of the molecular targets. Awareness of types of 
testing and impact on care are a daily process. 
Reimbursement for testing and services, exten-
sive family history collection, and costs of tar-
geted and biologic therapies offer more chal-
lenges to patients, the healthcare system, and 
professionals (American Nurses Association 
[ANA] & International Society of Nurses in 
Genetics [ISONG], 2016; Mohammed, Peter, 
Gastaldo, & Howell, 2016; Roeland, Dullea, 
Hagmann, & Madlensky, 2017).

3. Ethical issues that oncology nurses face in daily 
practice (de Groot et al., 2017; Fiore & Goodman, 
2016; Sisk et al., 2016; Sullivan & Dickerson, 2016)
a) Autonomy

(1) Patient autonomy and decision-making 
capacity

(2) Informed consent
(3) Cancer risk reduction (e.g., prophylac-

tic surgeries)
(4) Treatment during pregnancy
(5) The right to refuse treatment

b) The healthcare environment and reform
(1) Undertreatment of pain, particularly 

in light of opioid crisis

(2) Inequities in cancer care
(3) Access to care, clinical trials
(4) Access to high-cost cancer drugs, drug 

shortages
(5) Cultural diversity and potential bias
(6) Balance and justice in cancer care

c) End-of-life/prolongation of life decisions
(1) Assisted dying (legal in several states)
(2) Treatment futility versus continuing 

experimental treatment
(3) Prognosis-related discussions

d) Confidentiality
(1) Genomic testing and disclosure of 

results
(2) Scientific integrity
(3) Big data collection and warehousing

e) Conflict resolution/critical conversations
(1) Intrafamily conflicts
(2) Nurse–family conflicts
(3) Nurse–physician conflicts
(4) Physician–family conflicts
(5) Clarity in communications

f) Professional boundaries
(1) Giving or receiving gifts
(2) Social media (e.g., friend requests  

from patients)
4. The Joint Commission (2016) requires accredited 

institutions to provide access to an ethics consul-
tation to assist in evaluating the decision-making 
capacity of an individual as well as to assist with 
problem resolution.

5. The ethical principles guiding decision making 
are summarized in Table 2-1.

6. The ANA (2015a) Code of Ethics serves as an  
ethical framework for practice, providing direc-
tion regarding ethical relationships, nursing 
responsibilities, appropriate behaviors, and deci-
sion making. Components of the framework 
include the following:
a) Respect for the inherent dignity, worth, and 

unique attributes of every person
b) Primary commitment to the patient
c) Protection of the rights, health, and safety 

of the patient
d) Authority, accountability, and responsibility 

for nursing practice
e) Same duties owed to self as to others
f) Establishment, maintenance, and improve-

ment of the ethical environment of work set-
ting and conditions of employment

g) Advancement of the profession through 
research and scholarly inquiry

h) Protection of human rights, promotion of 
health diplomacy, and reduction of health 
disparities
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i) Articulation of nursing values, maintenance 
of integrity of the profession, and integration 
of the principle of social justice

B. Legal issues related to cancer therapy
1. Adhering to national, state, and institutional 

standards is a fundamental responsibility of all 
nurses (ANA, 2015a; Brown et al., 2016; Cen-
ters for Medicare and Medicaid Services, n.d.).

2. Acts and standards guiding oncology nursing 
practice (not all-inclusive, as the changing envi-
ronment requires knowledge of specialty compe-
tencies depending on practice setting)
a) Nurse practice acts are state laws that define 

nursing performance in fundamental terms 
for each state (ANA, 2015b).

b) The Oncology Nursing Society’s (ONS’s) 
Statement on the Scope and Standards of Oncol-
ogy Nursing Practice: Generalist and Advanced 
Practice (Brant & Wickham, 2013) describes 
the minimum standard of care to which a 
patient with cancer is entitled.

c) The American Society of Clinical Oncology/
ONS Chemotherapy Administration Safety 
Standards (Neuss et al., 2016) describe the 
safety standards for chemotherapy prescrip-
tion, preparation, and administration, with 
the recent addition of pediatric and oral che-
motherapy standards.

d) Genetics/Genomics Nursing: Scope and Standards 
of Practice (ANA & ISONG, 2016) describes 
standards and scope of practice for general 
and advanced practice nurses addressing 
genetic/genomic issues with examples from 
a variety of practice settings.

e) ONS’s Access Device Standards of Practice for 
Oncology Nursing (Camp-Sorrell & Matey, 
2017) describes the current standards for 
use of venous access devices in cancer care.

f) Infusion Therapy Standards of Practice (Infusion 
Nurses Society, 2016) describes the current 
standards of nursing practice for IV therapy.

g) American College of Surgeons Commission 
on Cancer’s Cancer Program Standards: Ensur-
ing Patient-Centered Care encompasses the 
requirements that cancer programs must 
meet to earn and maintain Commission on 
Cancer accreditation (American College of 
Surgeons Commission on Cancer, 2015).

h) Institution-specific standards may be set forth 
in the following:

(1) Standards of practice
(2) Nursing policy and procedure manuals
(3) Job descriptions
(4) Institutional review board decisions 

and guidance
3. Common legal issues

a) Medication errors (see Chapter 1)

Table 2-1. Ethical Principles

Principle Description Clinical Examples

Autonomy Independent decision making by an 
individual in accordance with his or 
her own best interest

Respecting an individual’s choice even when different from one’s own
Providing supportive services

Nonmaleficence The duty to do no harm Providing complete information
Providing survivorship services
Recognizing professional limitations and seeking consultation/collabora-

tion
Adhering to professional standards of care

Beneficence The duty to act in the best interest of 
the involved person

Personalizing care based on individual desires, culture, disease, and other 
factors

Providing evidence-based care

Justice Equitable distribution of available 
resources

Offering/providing treatment regardless of ability to pay, culture, or socio-
economic status

Assisting with or referring for financial support

Veracity Truth telling Explaining treatment in understandable terms before it is initiated
Providing accurate information and educational materials

Fidelity Faithfulness to promises made Following up as promised
Providing survivorship care planning
Fostering collegiality

Note. Based on information from Beauchamp & Childress, 2013.
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b) Documentation issues: The duty to keep 
accurate records is a fundamental nursing 
responsibility. The medical record is scruti-
nized in the event of litigious action and is 
believed to reflect the care rendered (Amer-
ican Society of Health-System Pharmacists, 
2011; Neuss et al., 2016; Scott, 2016).

(1) Common documentation errors
(a) Omitting significant observations
(b) Failing to document response to 

an intervention
(c) Failing to document patient teach-

ing and understanding
(d) Failing to document what was 

taught and to whom
(2) Nursing actions to include in docu-

mentation
(a) Telephone, text, or other digi-

tal communications or conversa-
tions, particularly those in which 
the nurse gives the patient instruc-
tions or advice

(b) Fax and email communications, 
particularly those in which the 
nurse gives the patient instruc-
tions or advice

(c) Virtual face-to-face communica-
tions, particularly those in which 
the nurse gives the patient instruc-
tions or advice, including the 
type of communication, who was 
included, and the location (such as 
online meetings, forums, email dis-
tribution lists, telemedicine, etc.)

(d) Pertinent conversations with the 
patient, family, or other caregivers

(e) Interagency referrals, includ-
ing telephone conversations with 
provider(s)

(f) Antineoplastic drug administra-
tion (see Appendices A and B)

(g) Treatment-related documenta-
tion including the following, when 
applicable:

i. Completion of independent 
verification of drug and dose

ii. Two unique patient identi-
fiers (such as name, medi-
cal record number, or date 
of birth)

iii. Patient-specific measure-
ments used to calculate doses 
(e.g., body surface area)

iv. Pertinent laboratory and 
diagnostic test results

v. Date and time of therapy
vi. Drug name, dose, route, and 

location of administration, 
and infusion duration

vii. Volume and type of IV  
fluids administered

viii. Assessment of the IV site 
before, during, and after 
infusion

ix.  Information about the infu-
sion device (e.g., vein selec-
tion, needle size, type of 
device, infusion pump)

x. Verification of venous access 
device patency, including 
presence of a blood return 
before, during, and after IV 
therapy (also any issues with 
venous access)

(h) Patient assessment and evalua-
tion of the patient response to and  
tolerance of treatment

(i) Patient and family education 
related to the drugs received, 
toxicities, toxicity management, 
and follow-up care (especially 
when and who to call with spe-
cific resource numbers and times)

(j) Post-treatment or discharge 
instructions

c) Informed consent
(1) Process: Patients must give informed 

consent for treatment, enrollment in a 
clinical trial, or participation in nurs-
ing research (Beauchamp & Childress, 
2013; Butts & Rich, 2016; Klimaszewski, 
2016). With the exception of research, 
each institution determines its own 
practice related to how and if a patient 
must provide written informed consent 
before receiving cancer treatment such 
as antineoplastic agents, targeted ther-
apies, or immunotherapies (Neuss et 
al., 2016). It is important to maintain 
consistency between policy and prac-
tice throughout the institution. Regard-
less of the method used to document 
informed consent, all needed elements 
of the informed decision-making pro-
cess must be included. The following 
approaches have been used:
(a) The patient signs a designated 

antineoplastic therapy consent 
form designed specifically for 
the administration of chemother-
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apy, targeted therapy, or immuno-
therapy. This document reflects 
patient education, remains part 
of the medical record, and may be 
preferred by risk management. A 
sample template for chemotherapy 
consent is provided in Appendix E.

(b) The general hospital “consent 
to treat” document serves as the 
signed permission to provide anti-
neoplastic medications.

(c) Some centers use a general pro-
cedure consent form for cancer 
treatment.

(d) A specific form is not signed, but 
consent is documented within the 
medical record.

(2) Elements of consent (Elements of 
Informed Consent, 2017)
(a) Disclosure : The pat ient i s 

informed of his or her diagno-
sis of cancer, including the type, 
location, and stage.

(b) Nature of the proposed treat-
ment: The patient is informed 
of the prognosis and goal of pro-
posed treatment (cure, control, 
palliation).

(c) Possible benefits of the treatment 
are discussed.

(d) Possible risks and adverse effects, 
including short- and long-term 
side effects, are discussed.

(e) Alternatives to treatment and asso-
ciated risks are covered. Pallia-
tive care should be offered as an 
option, when appropriate.

(f) Children younger than age 18 may 
be legally able to give informed 
consent if they are emancipated 
minors. Assent is willingness to par-
ticipate in a treatment by people 
who are, by definition, too young 
to give informed consent but are 
old enough to understand the 
diagnosis and proposed treatment 
(Neuss et al., 2016).

i. If assent is given, informed 
consent must still be obtained 
from the patient’s parents or 
guardian.

ii.  The main goal of child assent 
is to provide protection for 
children involved in clinical 
trials (Tait & Geisser, 2017).

(3) Requirements
(a) The informed consent document 

must state the right of the patient 
to refuse or discontinue treatment 
at any time.

(b) The informed consent document 
and, subsequently, healthcare pro-
viders assure patients that ongo-
ing support and care will be pro-
vided if they decline or discon-
tinue treatment connected with 
the trial or research.

(c) Nurses and physicians have dif-
ferent but complementary roles 
in the informed consent process.

(d) See Chapter 5 for additional infor-
mation on the informed consent 
process related to clinical trials 
and the nurse’s role.
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CHAPTER 3

Patient Education

A. Patient education
1. Patient education is a combination of learning 

experiences that empower individuals or a com-
munity with health information and instruction 
used to understand the risk of illness, prevent ill-
ness, care for themselves throughout the treat-
ment trajectory, and know when to obtain help 
in their care.

2. Patient education is a continuous process 
throughout the cancer experience (Gidron, 2016; 
Vaartio-Rajalin et al., 2015; World Health Orga-
nization, n.d.).
a) Health teaching and health promotion are 

key aspects of the role of nurses and oncol-
ogy nurses at all levels of practice, in all care 
settings, and are a necessity for patients, their 
significant others, and the public. Using the 
models of patient engagement and shared 
decision making, all practitioners are to be 
involved in health teaching and promotion, 
requiring collaboration and open communi-
cation, both interprofessionally and across 
healthcare settings (American Nurses Associ-
ation, 2015; Blecher, Ireland, & Watson, 2016; 
Brant & Wickham, 2013; Tariman et al., 2016; 
Vaartio-Rajalin et al., 2015).

b) The Agency for Healthcare Research and 
Quality (AHRQ, 2015a) has identified 
universal precautions for health literacy; 
steps are aimed at improving communi-
cation of healthcare information, leading 
to improved comprehension and access; 
improving patients’ ability to navigate the 
healthcare system; and supporting patients 
in their self-care.

B. Short-term outcomes of patient education (Blecher 
et al., 2016; Neuss et al., 2016)
1. Empowering active participation in care
2. Understanding of diagnosis and treatment 

options
3. Ability to communicate understanding of the 

goals and duration of treatment

4. Identification of short- and long-term side effects, 
including those that need to be reported

5. Demonstration of the ability to perform self-care 
or adapt to potential limitations

6. Promotion of adaptive skills in a life-threatening 
situation

7. Autonomous decision making regarding treat-
ment options or a decision of no treatment

8. Identification and use of community resources

C. Long-term outcomes of patient education (Joint 
Commission, 2017)
1. Improvement in self-care behaviors
2. Improvement in health-related quality of life
3. Decreased healthcare costs
4. Increased customer satisfaction
5. Improved ability to make informed healthcare 

decisions

D. Barriers to patient education
1. Barriers should be assessed on an individual  

basis, and an individualized learning needs assess-
ment should be performed and documented 
(Gumusay et al., 2016; Joint Commission, 2017; 
Neuss et al., 2016).

2. Barriers to learning
a) The individual’s cognitive resources, includ-

ing potential for problems with attention, work-
ing memory, or information processing abil-
ity related either to the disease or treatment 
(Jewitt et al., 2016; Vaartio-Rajalin et al., 2015)

b) Lack of knowledge or understanding of 
the diagnosis and treatment plan, as well 
as differences in professional and patient 
knowledge expectations (Jewitt et al., 2016; 
Vaartio-Rajalin et al., 2015)

c) Differing expectations or understanding of 
the purpose of treatment among the patient, 
caregiver, and healthcare team

d) Concerns or misconceptions regarding ther-
apy due to prior experience or the experience 
of a friend or relative, which may deter the 
patient from undergoing treatment
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e) Patient or provider language barriers and 
lack of access to effective translator resources

f) Educational barriers
(1) Seventeen percent of young people 

in the United States do not graduate 
from high school. Graduation rates are 
lower among minorities, with gradua-
tion rates of 78% or lower for Hispanic, 
Black, and Native American students 
(National Center for Education Statis-
tics, 2017).

(2) Older individuals may not have the 
same levels of education, as the rate of 
high school graduation improved dra-
matically from 6.4% in 1900 to 77% in 
1969 (Education Week, n.d.).

g) Health literacy barriers (AHRQ, 2015b; 
Centers for Disease Control and Prevention, 
2015, 2016; Joint Commission, 2017; Katz, 
2017; Nielsen-Bohlman, Panzer, & Kindig,  
2004)

(1) Inability to complete health forms
(2) Lack of knowledge regarding medical 

history and management of chronic 
conditions

(3) Nonadherence to preventive medicine 
guidelines

(4) Lack of knowledge regarding the con-
nection between risky behaviors and 
health

(5) Inability to understand directions on 
medication containers

(6) Nonadherence to medication instruc-
tions

(7) Person is unable to name medications 
and explain their purpose or dosing.

h) Physical barriers, including pain, visual dis-
turbances, auditory or cognitive impairments, 
and inability to speak, can interfere with com-
prehension (Joint Commission, 2017).

i) Geographic barriers may include distance 
traveled to the treatment facility, as well as 
availability of transportation to the facility.

j) Psychosocial or emotional issues may cre-
ate barriers to learning and may need to be 
addressed before learning can take place 
(Joint Commission, 2017).

k) Interprofessional care coordination and 
communication barriers (Joint Commission, 
2017; Tariman et al., 2016; Vaartio-Rajalin et 
al., 2015)

(1) Ineffective communication among 
healthcare team members

(2) Ineffective communication among 
healthcare facilities

(3) Differences among healthcare pro-
fessionals in their perceptions of the 
patient education process

l) Methods of overcoming barriers
(1) Allow patients time to express their 

concerns and attempt to manage their 
anxiety.

(2) Assess cognitive resources and knowl-
edge expectations of the individuals 
being educated, keeping in mind that 
educational level alone does not always 
give the complete picture of an individ-
ual’s abilities.

(3) Include the patient’s support system 
(family, friends, significant others) in 
the patient education process, provid-
ing support to the patient and help 
with learning.

(4) Manage physical barriers, such as pain, 
and ensure that learners have all nec-
essary assistive devices (glasses, hear-
ing aids) available.

(5) Provide access to translators, either in 
person or through telecommunications 
(Joint Commission, 2017).
(a) Hospitals are required to ensure 

the competency of interpreters 
and translators.

(b) Use of significant others as transla-
tors is not recommended, because 
of role conflicts or inability to com-
municate complex medical termi-
nology.

(c) Cancer-related Spanish-language 
literature is available through the 
National Cancer Institute at www 
.cancer.gov and the American Can-
cer Society at www.cancer.org.

(6) Offer explanations for any misconcep-
tions concerning diagnosis, treatment, 
and follow-up care using teach-back 
techniques (AHRQ, 2015b).

(7) Perform and document a learning needs 
assessment that addresses cultural/reli-
gious beliefs and preferences and desire 
and motivation to learn, as well as the 
previously listed items, and share with 
all individuals involved in the care of 
the patient (Joint Commission, 2017).

(8) Assess patients individually and tailor 
teaching to their level of understand-
ing using short simple words, chunk-
ing (short sections of information), 
active voice, and concrete examples 
(AHRQ, 2014; Cancer Patient Edu-

http://www.cancer.gov
http://www.cancer.gov
http://www.cancer.org
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cation Network, 2013; Joint Commis-
sion, 2017; U.S. Department of Health 
and Human Services Office of Dis-
ease Prevention and Health Promo-
tion, n.d.). Cancer-related literature 
for low-literacy patients is available 
through the National Cancer Insti-
tute at www.cancer.gov and the Amer-
ican Cancer Society at www.cancer 
.org.

(9) Engage patients in the learning process 
through the use of patient portals, inter-
active activities, and patient-reported 
outcome measurement.

(10)  Effective care coordination/transition 
may be facilitated through the use of 
handoff tools to improve continuity of 
care and collaboration between pro-
fessionals. Patient navigators can pro-
vide an effective link for both patient 
and healthcare provider communica-
tion and satisfaction.

3. Barriers to educator effectiveness (AHRQ, 2015b; 
Blecher et al., 2016)
a) The educator’s expertise regarding informa-

tion provided
b) T he educator’s  u nder st a nd ing of 

teaching-learning principles
c) The educator’s understanding of differences 

in learning styles
d) The methods available to the educator for 

patient education
e) The educator’s ability to match the appropri-

ate teaching methods and language to specific 
content and learning styles. Language must 
be adapted to individuals’ learning abilities 
and healthcare-related literacy, as well as their 
ability to speak, read, and understand English.

f) The educator’s ability to involve individuals 
in the learning process

g) The educator’s ability to communicate with 
other members of the healthcare team to pro-
vide continuity of care between the various 
points of care, hospital, physician practice, 
home, or extended care facilities

E. Methods of patient education (Blecher et al., 2016; 
Hopmans et al., 2014; Laszewski et al., 2016; LeFebvre 
& Felice, 2016; Neuss et al., 2016; Şahin & Ergüney, 
2016; Sullivan et al., 2016)
1. Educational methods should be selected based 

on preferences and abilities. They may include 
any combination of the following:
a) Auditory, such as audiotapes or face-to-face 

live presentations

b) Printed/visual materials, including video- 
taped education, booklets, chemotherapy 
cards, infographics, and printed instructions 
regarding procedures or self-care measures

c) Computer-based learning using CDs, flash 
drives, or preloaded devices

d) Web-based learning, including patient por-
tals, learning management systems, and reli-
able external websites

(1) National Cancer Institute: www.cancer 
.gov

(2) American Cancer Society: www.cancer 
.org

(3) American Society of Clinical Oncol-
ogy: www.cancer.net

e) Demonstration
2. Patient education in any format includes 

teach-back techniques to reinforce learning 
along with documentation of the strategies used 
and an evaluation of current learning.

3. Patient education is the responsibility of all nurses 
and continues as an ongoing process throughout 
the cancer care continuum (American Nurses 
Association, 2015).

F. Scope of information
1. Provide verbal, video, audio, written, or 

web-based information that is easily understand-
able. If printed material is used, ensure that the 
sentences and paragraphs are short. Bullet points 
are helpful. Always encourage patients and signif-
icant others to ask questions, provide feedback, 
and participate actively (AHRQ, 2015b; Frent-
sos, 2015; Narwani, Nalamada, Lee, Kothari, 
& Lakhani, 2016; Truccolo, 2016; UnityPoint 
Health, Picker Institute, Des Moines University, 
& Health Literacy Iowa, 2017).

2. Include patients and significant others, and pro-
vide education on the following topics (Gumu-
say et al., 2016; LeFebvre & Felice, 2016; Neuss 
et al., 2016; Şahin & Ergüney, 2016; Sullivan et 
al., 2016):
a) Disease and treatment plan
b) Goals of treatment
c) Duration and schedule of treatment

(1) Cancer medication names, including 
generic and brand names; the dose and 
frequency of the treatment and num-
ber of cycles (length of therapy); and 
the implications and plan for missed or 
delayed doses, especially with the use 
of oral anticancer medications

(2) Supportive care medications, includ-
ing generic and brand names, as well 
as their doses and frequency

http://www.cancer.gov
http://www.cancer.org
http://www.cancer.org
http://www.cancer.gov
http://www.cancer.gov
http://www.cancer.org
http://www.cancer.org
http://www.cancer.net
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(3) Drug–drug and drug–food interac-
tions based on the most current med-
ication list

(4) Potential short- and long-term adverse 
effects along with a variety of manage-
ment strategies

d) When and how to contact the healthcare team
e) Symptoms that require immediate discon-

tinuation of self-administered medications/
treatments

f) Procedure for handling medications in the 
home, including safe storage, handling, and 
management of unused medication

g) Procedures for handling body secretions and 
waste in the home

h) Follow-up schedules, including laboratory 
and healthcare provider visits

i) Contact information for healthcare team 
members and directions regarding commu-
nicating with healthcare team members

j) A list of credible resources where more infor-
mation can be obtained if desired

k) Encourage patients to write down questions 
they think of between visits and bring them 
to follow-up appointments. At each visit, 
healthcare providers should address patient 
and caregiver questions.

G. Documentation
1. Nurses assess and document patients’ under-

standing of the content presented after education 
takes place to meet regulatory (e.g., Joint Com-
mission) standards, manage risk, and enhance 
staff communication (Joint Commission, 2017).

2. Documentation of understanding includes the 
patients’ ability to verbalize or demonstrate learn-
ing and needs for reinforcement of information. 
If patients cannot comprehend the information 
or they refuse education, this also must be doc-
umented, along with alternative plans.

3. Methods of assessing patient understanding 
(Joint Commission, 2017; UnityPoint Health et 
al., 2017)
a) Patient/significant other communicates an 

understanding of the information presented, 
including medication names and the pur-
pose of the therapy.

b) Patient/significant other identifies crucial 
instructions for self-care.

c) Patient/significant other identifies symp-
toms/side effects to report and how to con-
tact the providers if needed.

d) Patient brings new prescriptions to a follow-up 
visit and correctly states the instructions for 
use.

e) Patient performs a return demonstration of 
procedures such as temperature monitoring 
and handwashing.

f) Patient/significant other accurately identifies 
the date and time of the next follow-up visit.

g) For oral agents, the patient/significant other 
can verbalize the name of the medication, 
the correct procedure for administration 
(e.g., with or without food), and appropri-
ate safe handling and disposal procedures. 
See Chapter 4 for discussion of adherence to 
oral antineoplastics.

h) Patient/significant other shares where or how 
to obtain additional information if desired.

i) Patient/significant other communicates the 
need for additional teaching sessions if issues 
are identified or if complex or multimodal 
treatments are planned.
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CHAPTER 4

Overview of Cancer and Cancer 
Treatment

A. Definition of cancer
1. Cancer is a large group of diseases with the fol-

lowing traits (American Cancer Society [ACS], 
2018; Block et al., 2015; Eggert, 2018):
a) Sustained proliferation of abnormal cells and 

the ability to replicate indefinitely
b) Uncontrolled growth and cell division, and 

deregulation of repair of defective DNA
c) Ability to grow new blood vessels (angio-

genesis)
d) Ability to spread to distant sites (metastasize)
e) Evasion of normal protective mechanisms of 

growth suppression, immunologic suppres-
sion, and programmed cell death (apoptosis)

f) Genetic instability, inflammation, and fibro-
sis that enable malignant cell transformation

2. Models of cancer evolution (Eggert, 2018; see 
Figure 4-1)
a) Clonal: Initial DNA changes result in benign 

growth, from which cloned cells accumulate 
multiple genetic mutations over time, result-
ing in a malignancy.

b) Cancer stem cell: Cancer cells arise from can-
cer stem cells, which may have limited prolif-
erative capability, but from which at least one 
cell line becomes tumorigenic.

c) Plasticity model: This model builds on the 
cancer stem cell model, suggesting that non-
cancer stem cell versions of cells have the abil-
ity to change throughout their life cycle and 
are converted to cancer stem cells.

d) Inflammation theory: Infectious agents and 
interaction with inflammatory cells induce 
chronic inflammation, causing cancer.

3. Genetic mutations and other genetic errors that 
drive oncogenesis (Hassen, Eggert, & Loud, 2018)
a) Normal genes involved in cell growth are 

called proto-oncogenes. Tumor suppressor genes 
direct the programmed suppression of nor-
mal cell growth. Normal cells with some 

mutations can typically be restored to pre-
mutation function through normal DNA 
repair processes.

b) Genetic mutations in proto-oncogenes and 
tumor suppressor genes disrupt normal cell 
processes—inhibiting apoptosis, disrupting 
DNA repair processes, and inducing immor-
tality. Replication of the mutated genes 
allows development of malignancy. Mutated 
proto-oncogenes can be activated into onco-
genes, which then exhibit uncontrolled cell 
proliferation.

c) Driver mutations, such as those associated 
with the TP53 gene (associated with about 
50% of sporadic [acquired] cancers), are 
associated with oncogenesis and can often 
be targeted specifically for treatment (Block 
et al., 2015; Eggert, 2018).

d) Epigenetic changes (changes in genetic 
expression rather than a genetic mutation) 
can affect the efficacy of DNA repair genes, 
altering specific gene expression and disrupt-
ing normal expression of proto-oncogenes 
and tumor suppressor genes.

e) Other genetic errors such as deletions, trans-
locations, or mismatched nucleotide pairs 
can initiate ongoing mutations that result in 
malignancy.

f) Transcription errors of DNA when transcribed 
into messenger RNA (mRNA) can result in 
mutations.

(1) A small percentage of cancers are 
caused by mutations of inherited DNA 
between generations in the germ line 
(sperm and ova).

(2) Most cancers are sporadic and caused 
by a series of acquired mutations in 
somatic DNA over time (Eggert, 2018).

g) Many microRNAs regulate genetic mecha-
nisms and are deregulated in multiple tumor 
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types, making them a target for future ther-
apies (Eggert, 2018).

4. Multiple factors often interact, leading to the 
development of cancer. Normal cells may undergo 
changes because of the following:
a) Spontaneous transformation: No causative 

agent is identified, but cellular characteris-
tics are typical of cancer cells.

b) Chronic or occupational exposure to sub-
stances such as asbestos, benzene, radia-
tion, tobacco, arsenic, nickel, and some che-
motherapy agents is implicated in cancer 
development. The International Agency for 
Research on Cancer (2017) has identified 
120 substances as carcinogens and another 
375 substances as possibly or probably carci-
nogenic, while the National Toxicology Pro-
gram (2016) has estimated the number of 
known carcinogens to be over 200.

c) Changes in the microenvironment, such as 
cancer cell plasticity, immune cell and signal-
ing molecule involvement, and even metabolic 

changes brought about by changes in onco-
genes and tumor suppressor genes all con-
tribute to the progression of cancer growth 
(Eggert, 2018).

d) Exposure to viruses: Genetic changes can 
occur to cells through viral infections (e.g., 
human papillomavirus [HPV] is the primary 
cause of cervical cancer) (Inan et al., 2017).

B. Cancer staging and grading (American Joint Com-
mittee on Cancer [AJCC], 2017a, 2017b; Vogel, 2018)
1. Staging: Verifies the extent of the disease by assess-

ing the location and size of the primary tumor 
and determining if it has spread to other tissues 
or organs. Staging informs prognosis, treatment 
planning, identification of suitable clinical trials, 
and treatment response. Staging conventions pro-
vide a common language with which the health-
care team can communicate about a patient’s 
case. Staging criteria are unique for many types 
of cancer (AJCC, 2017b; National Cancer Insti-
tute [NCI], 2015a).

Figure 4-1. Theories of Cancer Evolution

Note. From “Immunologic Targeting of the Cancer Stem Cell,” by C.J. Wu in L. Girard (Ed.), StemBook [Internet], 2008, Cambridge, MA: Harvard Stem Cell 
Institute. Retrieved from https://www.ncbi.nlm.nih.gov/books/NBK27075. Copyright 2008 by Catherine J. Wu; distributed under CC BY 3.0 (https://creative 
commons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction, provided the original work is properly cited.

https://www.ncbi.nlm.nih.gov/books/NBK27075/
https://creativecommons.org/licenses/by/3.0
https://creativecommons.org/licenses/by/3.0
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a) Four types of staging (AJCC, 2017b)
(1) Clinical: Based on physical examina-

tion, imaging, and biopsy
(2) Pathologic: Based on tissue, fluids, or 

exploration during surgery; is com-
bined with clinical staging

(3) Post-therapy/postneoadjuvant therapy: 
Used for confirming cancer remain-
ing after systemic chemotherapy or 
hormone therapy, or radiation ther-
apy prior to surgery, or when no sur-
gery is done

(4) Restaging: Used for determining the 
extent of recurrence

b) The tumor-node-metastasis staging sys-
tem is maintained jointly by AJCC and the 
Union for International Cancer Control. It 
is the most commonly used anatomic stag-
ing system and is based on specific criteria. 
It is then combined with a staging number  
(0–IV) and sometimes with substage desig-
nations (such as IIa or IIb). In general, stage 
I cancer confers a more favorable progno-
sis than stage IV (AJCC, 2017b; NCI, 2015a; 
Vogel, 2018).

(1) Tumor (local involvement, invasion): 
Describes the original tumor (pri-
mary) and ranges from TX (cannot be 
evaluated) to T0–T4 (measurement of 
size/extent)

(2) Node (lymph node involvement): 
Ranges from NX (cannot be evaluated) 
to N0–N3 (number of nodes involved 
and extent of spread)

(3) Metastasis: Ranges from M0 (no dis-
tant metastasis) to M1 (presence of 
metastasis)

c) Hematologic malignancies, malignant mel-
anoma, brain cancers, and some other can-
cers are staged according to other systems. 
For example, the Ann Arbor staging system 
is used to stage Hodgkin lymphoma, the Rai 
staging system is used to stage chronic lym-
phocytic leukemia, and the International 
Staging System is used for multiple myeloma 
(American Brain Tumor Association, n.d.; 
Leukemia and Lymphoma Society, n.d.-a, 
n.d.-b; Multiple Myeloma Research Founda-
tion, n.d.; Vogel, 2018).

d) The American College of Surgeons Com-
mission on Cancer requires that childhood 
cancers are staged either by AJCC criteria or 
pediatric clinical trial staging systems, the 
most common being the Children’s Oncology 
Group staging system (NCI, n.d.-c, 2015a).

e) Prognostic information is provided by an 
increasing number of nonanatomic factors 
that may predict the effectiveness of specific 
therapies. Gender, overall health status, and 
genetic variants or specific biologic proper-
ties of tumor cells are characteristics that 
may affect patient outcomes and have been 
incorporated into some staging algorithms 
(AJCC, 2017b).

2. Grading: Cellular differentiation is based on 
how closely tumor cells resemble normal cells 
in their structure and maturity.
a) Differentiation is graded from GX (cannot 

be assessed) to G4 (undifferentiated, where 
the parent cell is impossible to distinguish).

b) Cells are obtained by biopsy or surgical 
removal for microscopic examination by 
a pathologist. Cancer cell differentiation 
can vary over time, and cells with several 
grades of differentiation can exist within a 
single tumor.

c) Tumor grade is a prognostic indicator. The 
higher the grade, the more aggressive the 
tumor (NCI, 2013; Vogel, 2018).

C. Cancer treatment modalities
1. Table 4-1 summarizes the history of cancer ther-

apy. A variety of modalities are used to treat 
cancer.

2. Surgery (Lester, 2018)
a) Precise local treatment, which may be 

robotic-assisted (Doyle-Lindrud, 2015b)
b) May remove all or a portion of the primary 

tumor, lymph nodes, and adjacent tissues
c) Can be used to obtain specimens for cyto-

pathology
d) May be the only treatment a patient requires
e) May be preceded or followed by other modal-

ities
f) May be used in the palliative setting to alle-

viate or lessen intolerable symptoms
3. R ad i a t ion  t her apy  (B eh rend ,  2018 ; 

Doyle-Lindrud, 2015a; Gosselin, 2018)
a) Local treatment in which energy is precisely 

directed at a specific target
b) May be given before surgery to decrease 

tumor burden or after surgery to prevent 
recurrence of the primary tumor

c) More effective for some diseases than others
d) Multiple methods of treatment delivery, 

including various external beam treatments, 
stereotactic radiosurgery, image-guided 
CyberKnife® radiosurgery, brachyther-
apy, and sealed and unsealed radionuclide 
therapy
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e) Often given in combination with chemo-
therapy (chemoradiation) or as radioim-
munotherapy

4. Chemotherapy (Bender et al., 2014; Dowling, 
McDonagh, & Meade, 2017)
a) Most commonly administered as a systemic 

treatment

b) May be used locally for instillations (e.g., 
bladder, peritoneum) and topical therapy

c) May be used as single agents or, more com-
monly, in combination

d) Limited by nonspecific cytotoxic effects on 
normal tissues

e) Generally affect the cell cycle and cell kinetics

Table 4-1. History of Cancer Treatments

Period Events

Pre-20th  
century

1500s: Heavy metals are used systemically to treat cancers; however, their effectiveness is limited, and their toxicity is 
great (Burchenal, 1977).

1890s: William Coley, MD, develops and explores the use of Coley toxins, the first nonspecific immunostimulants used 
to treat cancer.

World War I Sulfur-mustard gas is used for chemical warfare; servicemen who are exposed to nitrogen mustard experience bone 
marrow and lymphoid suppression (Gilman, 1963; Gilman & Philips, 1946).

World War II Congress passes National Cancer Act in 1937, establishing the National Cancer Institute (NCI).
Alkylating agents are recognized for their antineoplastic effect (Gilman & Philips, 1946).
Thioguanine and mercaptopurine are developed (Guy & Ingram, 1996).
1946: NCI-identified cancer research areas include biology, chemotherapy, epidemiology, and pathology.
1948: Divisions within NCI and external institutions are identified to conduct research (Zubrod, 1984).
Folic acid antagonists are found to be effective against childhood acute leukemia (Farber et al., 1948).
Antitumor antibiotics are discovered.

1950s 1955: The National Chemotherapy Program, developed with Congressional funding, is founded to develop and test 
new chemotherapy drugs.

1957: Interferon is discovered.
The Children’s Cancer Group, the first cooperative group dedicated to finding effective treatments for pediatric cancer, 

is formed.

1960s–1970s Development of platinum compounds begins.
Multidrug therapy improves remission rates without severe toxicity; mechlorethamine, vincristine, procarbazine, and 

prednisone (MOPP), the first combination chemotherapy, is used and found to be curative against Hodgkin lymphoma 
(Noonan, 2007).

Clinical trials of bacillus Calmette-Guérin and Corynebacterium parvum, nonspecific immunostimulants, begin.
Chemotherapy is used with surgery and radiation as cancer treatment.
Development of hybridoma technology begins.
NCI starts its Biological Response Modifiers Program.
Tamoxifen is synthesized in 1962 and first used in 1969.

1970s The National Cancer Act of 1971 provides funding for cancer research; NCI director is appointed by and reports to the 
president of the United States.

Doxorubicin phase 1 trials begin.
Adjuvant chemotherapy begins to be a common cancer treatment (Bonadonna et al., 1995; Fisher et al., 1986).
Discovery of human leukocyte antigen histocompatibility system expands the use of and survival from bone marrow 

transplantation (Perry & Linch, 1996).

1980s Community Clinical Oncology Programs are developed in 1983 to contribute to NCI chemotherapy clinical trials.
Use of multimodal therapies increases (Eilber et al., 1984; Marcial et al., 1988).
Focus turns to symptom management to alleviate dose-limiting toxicities related to neutropenia, nausea and vomiting, 

and cardiotoxicity.
Clinical trials for dexrazoxane (ICRF-187) as a cardioprotectant begin (Speyer et al., 1988).
New chemotherapy agents are available.
Scientists begin to investigate recombinant DNA technology.
Trials of monoclonal antibodies and cytokines begin.
Effector cells (lymphokine-activated killer cells and tumor-infiltrating lymphocytes) are grown ex vivo.
1986: U.S. Food and Drug Administration (FDA) approves interferon alfa.
1989: FDA approves erythropoietin.
High-dose chemotherapy is used for myeloablation prior to bone marrow and stem cell transplantation (Perry & Linch, 1996).

(Continued on next page)
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Table 4-1. History of Cancer Treatments (Continued)

Period Events

1990s New classifications of drugs (e.g., taxanes) are developed.
In clinical trials, paclitaxel is found to be effective against ovarian and breast cancers (Rowinsky et al., 1992).
FDA approves granulocyte–colony-stimulating factor and granulocyte macrophage–colony-stimulating factor, interleu-

kin-2, interleukin-11, rituximab, trastuzumab, and denileukin diftitox.
Clinical trials of gene therapy and antiangiogenic agents begin.
FDA approves filgrastim for use in bone marrow transplantation and chemotherapy-induced neutropenia, severe 

chronic neutropenia, and peripheral blood stem cell transplantation.
FDA approves ondansetron for prevention of chemotherapy-induced nausea and vomiting; other 5-hydroxytryptamine-3 

receptor antagonists are in clinical trials (Perez, 1995).
Because of improved symptom management, dose intensity becomes a focus.
FDA approves new analogs (e.g., vinorelbine) (Abeloff, 1995).
Scientists focus on the sequencing of agents (Bonadonna et al., 1995).
The genetic basis of cancers becomes an important factor in cancer risk research (e.g., BRCA1 for breast cancer, renal 

cell cancer) (Gnarra et al., 1995; Hoskins et al., 1995; Miki et al., 1994).
Aromatase inhibitors are approved for breast cancer treatment. This marks a step forward for hormone therapy.

2000–2009 The Children’s Oncology Group (www.childrensoncologygroup.org), a cooperative group combining the efforts of  
several groups, is formed to further the advancement of cancer treatment for children.

Scientists complete a working draft of the human genome (American Society of Clinical Oncology [ASCO], n.d.).
Theory of immune surveillance continues to develop, and biotherapy is used to target and mount a defense against 

certain antigens on malignant cells (e.g., gemtuzumab ozogamicin binds to CD33 on leukemic cells, rituximab binds 
to CD20-positive non-Hodgkin lymphoma cells).

Radioimmunotherapy is used to deliver radioactivity directly to select tumor cells, avoiding damage to healthy tissue 
(e.g., ibritumomab tiuxetan, tositumomab and iodine-131).

FDA approves targeted therapies attacking epidermal growth factor receptor for lung cancer (gefitinib and erlotinib) and 
colon cancer (cetuximab and panitumumab) (ASCO, n.d.).

FDA approves antiangiogenic agents (bevacizumab was the first) (ASCO, n.d.).
A neurokinin-1 antagonist (aprepitant) is used in combination with other antiemetic drugs to prevent chemotherapy-

induced nausea and vomiting.
Therapeutic vaccine trials begin for existing cancers (e.g., OncoVAX®, an autologous tumor cell vaccine, is in phase 3 

studies for stage II colon cancer).
FDA approves a prophylactic vaccine (Gardasil®) for the prevention of human papillomavirus infections that cause  

cervical cancer (ASCO, n.d.).

2010–present 2010: Patient Protection and Affordable Care Act is signed into law.
American cancer survivors number 13.7 million, the highest number to date (ASCO, n.d.).
FDA approves the first cancer treatment vaccine (sipuleucel-T), utilizing the patient’s dendritic cells in the immune  

system to attack cancer cells (Anassi & Ndefo, 2011).
2011: FDA approves ipilimumab for unresectable or metastatic melanoma. Its mechanism of action is to stimulate the 

body’s immune system to attack cancer cells (Bristol-Myers Squibb Co., 2011; NCI, 2015b).
2013: FDA approves ado-trastuzumab emtansine (T-DM1), an antibody–drug conjugate, linking trastuzumab (the 

monoclonal antibody) and mertansine (the cytotoxic drug) to block microtubule formation in cancer cells (Amiri- 
Kordestani et al., 2014).

2014: FDA grants accelerated approval for checkpoint inhibitor pembrolizumab for advanced melanoma for patients 
whose disease progressed following ipilimumab and/or a BRAF inhibitor (if BRAF positive) (Raedler, 2015).

2016: FDA approves atezolizumab, the first programmed cell death-ligand 1 (PD-L1) checkpoint inhibitor for treatment 
of advanced bladder cancer (ASCO, 2017).

Pembrolizumab becomes a new standard option for previously treated patients with advanced non-small cell lung 
cancer (NSCLC); later the same year, it is FDA approved for use as first-line treatment for PD-L1–positive NSCLC. 
National debate begins about the importance to test select patients to determine those who may benefit from immune 
checkpoint inhibitors (ASCO, 2017).

2017: FDA approves avelumab for the treatment of Merkel cell carcinoma; this is the first FDA-approved product for this 
disease (U.S. FDA, 2017d).

FDA approves a chimeric antigen receptor T-cell therapy for select patients with B-cell acute lymphoblastic leukemia, 
the first gene therapy that uses technology to reprogram the patient’s own immune system to destroy cancer cells 
(Novartis Pharmaceuticals Corp., 2017).

FDA approves Mvasi™ (bevacizumab-awwb, Amgen Inc.), the first biosimilar approved in the United States for the 
treatment of cancer (U.S. FDA, 2017c).

http://www.childrensoncologygroup.org
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f) Includes alkylating agents, antimetabolites, 
antitumor antibiotics, nitrosoureas, and 
plant alkaloids (e.g., taxanes, vinca alkaloids, 
camptothecins)

5. Hormone therapy (Tortorice, 2018)
a) Systemic treatment, often combined with 

other antineoplastic agents to treat cancer
b) Have various mechanisms of action and 

unique side effect profiles
c) Includes corticosteroids, androgens, antian-

drogens, selective estrogen receptor modula-
tors, estrogen receptor antagonists, aroma-
tase inhibitors, and luteinizing hormone–
releasing hormone antagonists and agonists 
(see Chapter 7)

6. Immunotherapies and gene therapies (Bayer et 
al., 2017; Lea, 2018; Martin, 2017; Muehlbauer, 
Callahan, Zlott, & Dahl, 2018; Vioral, 2018; see 
Chapter 10)
a) Systemic treatments that use the patient’s own 

immune system through various pathophysi-
ologic mechanisms

b) May be synthetic (such as chimeric antigen 
receptor [CAR] T cells), biologically derived 
(such as monoclonal antibodies), or non-
pathogenic or pathogenic (requiring modi-
fication for use) viruses

c) Includes CAR T-cell therapies, checkpoint 
inhibitors, monoclonal antibodies, cancer 
vaccines, immunomodulators, cytokines, and 
oncolytic viruses

d) May cause significant cytokine release syn-
drome or hypersensitivity reactions, as well 
as unique side effect profiles due to immune 
response to drug

e) Rapidly evolving class of treatment options
f) Gene therapies correct defective genes typ-

ically by inserting a normal gene into the 
nuclei of a gene to repair, replace, or alter 
the function of an abnormal gene by use of 
viral vectors.

7. Targeted therapies (McIntyre, 2015; Wujcik, 
2018)
a) Systemic therapies (see Chapter 8)
b) Targeted therapies may be so specific as to 

target a single molecular feature on the sur-
face of tumor cells or an enzyme within the 
cell; they block or turn off signals causing 
cell growth, initiate apoptosis, or kill cancer 
cells directly (Kreamer & Riordan, 2015).

c) Toxicities are primarily nonhematologic and 
have unique side effect profiles (Kreamer & 
Riordan, 2015).

d) Includes tyrosine kinase inhibitors (TKIs), 
anaplastic lymphoma kinase inhibitors, 

cyclin-dependent kinase inhibitors, and 
epidermal growth factor receptor (EGFR) 
inhibitors

8. High-dose chemotherapy with hematopoietic 
stem cell support: Administration of high doses 
of chemotherapy with the intention of ablation of 
the bone marrow, with subsequent rescue using 
peripheral, bone marrow, or umbilical stem cells. 
Transplants can be autologous, allogeneic, syn-
geneic, or haploidentical. The use of high-dose 
chemotherapy with hematopoietic stem cell res-
cue is standard of care for many hematologic 
malignancies (Tortorice, 2018).

9. Emerging therapies
a) Tumor treatment fields generate alternative 

electromagnetic fields that disrupt cell divi-
sion for patients newly diagnosed with glio-
blastoma multiforme (Chang, 2017; Saria & 
Kesari, 2016).

b) Nano/microbubbles delivered via ultrasound 
to specific genes, followed by drug introduc-
tion, has demonstrated significant tumor 
reduction in tumors in mice and may be a 
new method for gene delivery for cancer gene 
therapy (Mitra et al., 2015; Wujcik, 2018).

c) Biosimilars are biologic products that are sim-
ilar to, but not exactly the same as, the refer-
ence drug that they mimic (U.S. Food and 
Drug Administration [FDA], 2017a). They 
are not generic forms of a reference drug 
(which are chemically identical to the refer-
ence drug) but instead are chemically sim-
ilar, and structural and chemical changes 
should not affect efficacy (Griffith, McBride, 
Stevenson, & Green, 2014). Biosimilars are 
produced through an abbreviated manufac-
turing process and are therefore expected to 
be an affordable alternative to some thera-
peutic agents.

D. Treatment approaches
1. Chemoprevention: Use of selected pharmaco-

logic agents to prevent cancer in high-risk indi-
viduals (e.g., tamoxifen for women whose per-
sonal health history indicates they are at a statis-
tically increased risk for developing breast can-
cer) (Smith, Richmond, & Dunn, 2018).

2. Neoadjuvant therapy: Use of one or more treat-
ment modalities prior to the primary therapy 
(e.g., chemotherapy before surgery). Goal is to 
debulk the primary tumor prior to surgery or 
to address micrometastases (Tajima et al., 2017; 
Tortorice, 2018).

3. Adjuvant therapy: Therapy following the primary 
treatment modality (e.g., chemotherapy or radi-
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ation after surgery). Goal is to target minimal 
disease or micrometastases for patients at high 
risk for recurrence (Tortorice, 2018).

4. Conditioning or preparative therapy: Adminis-
tration of chemotherapy, sometimes with total 
body irradiation, to eliminate residual disease 
or ablate the marrow space prior to receiving a 
hematopoietic stem cell transplant (also referred 
to as myeloablation).
a) Myeloablative: Obliteration of bone marrow 

with chemotherapy agents typically adminis-
tered in high doses in preparation for hema-
topoietic stem cell transplantation. Myeloab-
lative therapy does not allow for spontane-
ous marrow recovery because of the lethal 
doses of agents used; therefore, it must be 
followed by transplantation to prevent death 
(Gyurkocza & Sandmaier, 2014; Zack, 2018).

b) Nonmyeloablative: Reduced-intensity condi-
tioning using doses that are not lethal to bone 
marrow (Epperla et al., 2017; Gyurkocza & 
Sandmaier, 2014). This type of transplant is 
dependent on the graft-versus-tumor effect. 
Use of nonmyeloablative regimens has 
expanded options and transplant eligibility 
for older adult patients or those with comor-
bidities (Gyurkocza & Sandmaier, 2014).

5. Immunosuppression: Administration of anti-
neoplastic agents at doses sufficient to blunt a 
patient’s immune response. Agents such as meth-
otrexate are given post-transplantation to pre-
vent graft-versus-host disease. Select agents are 
used to treat noncancerous conditions, such as 
autoimmune diseases.

E. Treatment strategies
1. Combination versus single therapies: Combina-

tions of drugs or combination of therapies (e.g., 
drug alone vs. drug plus radiation therapy) gen-
erally provides superior efficacy and a survival 
advantage over monotherapy in many tumor 
types and combination regimens, although the 
mechanism by which this occurs is not fully under-
stood in some cases (Haque, Verma, Butler, & 
Teh, 2017; Jin, Fan, Pan, & Jin, 2017; Mokhtari et 
al., 2017; Pritchard et al., 2013; Tortorice, 2018; 
Zhang et al., 2017). Hypotheses include that one 
agent may potentiate the effect of another, or that 
the combined agent or therapies create effects 
that together are distinctly unique.
a) Tumor cell populations are heterogeneous; 

therefore, a combination of agents or thera-
pies with different mechanisms of action is 
able to increase the proportion of cells killed 
at any one time.

b) Combination agents or therapies with differ-
ent mechanisms of action also reduce the pos-
sibility of drug resistance, as researcher con-
sensus concludes that many mechanisms of 
resistance are likely to be occurring within 
a single tumor (Mokhtari et al., 2017; NCI, 
2016).

c) Combinations of drugs can be used syner-
gistically to access sanctuary sites, as one 
drug’s solubility or affinity for specific tis-
sues may be different than, but complemen-
tary to, another particular drug’s character-
istics (Mokhtari et al., 2017).

d) Drugs with similar toxicities generally are 
avoided, although this is not always possi-
ble. Therapy combinations may potentiate 
the toxic effects of either or both therapies 
or may be lessened because of different tar-
geted mechanisms of action (Mokhtari et 
al., 2017).

2. Dosing of cytotoxic chemotherapy
a) Treatment cycles are designed to permit recov-

ery from damage to normal tissues and organs 
and are based on the known pharmacoki-
netics of agents. Because the average white 
blood cell nadir is 10–14 days, many regimens 
are based on this time frame (Drooger, van 
Pelt-Sprangers, Leunis, Jager, & de Jongh, 
2016; Tortorice, 2018).

b) Dose density refers to the drug dose per unit 
of time. Higher dose density is achieved by 
shortening the intervals between treatments 
(Lambertini et al., 2017). Reducing the time 
between chemotherapy cycles may diminish 
tumor regrowth.

c) Dose intensity is the amount of drug that is 
delivered over time. Dose reduction or delay 
resulting from chemotherapy side effects, 
scheduling conflicts, or any other reason 
reduces dose intensity and may negatively 
affect patient survival (Matikas, Foukakis, 
& Bergh, 2017). The prophylactic use of 
the myeloid growth factor pegfilgrastim has 
allowed for administration of dose-dense and 
dose-intense chemotherapy regimens that 
would otherwise result in unacceptable neu-
tropenia (Kourlaba et al., 2015).

d) Relative dose intensity is calculated by com-
paring the received dose to the referenced 
(standard) dose of the standard regimen. 
Proactively managing symptoms and edu-
cating patients on the importance of main-
taining the prescribed dosing schedule are 
paramount to optimal outcomes (Havrilesky, 
Reiner, Morrow, Watson, & Crawford, 2015).
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e) Dose density and intensity and relative dose 
intensity concepts may not apply to targeted 
therapies, immunotherapies, and hormone 
therapies because of their different toxic-
ity profiles.

F. Goals of cancer therapy
1. Treatment planning includes shared decision 

making that integrates the patient’s personal 
goals, needs, and values as part of care plan-
ning (Cranley, Curbow, George, & Christie, 2017;  
Lilley, Bader, & Cooper, 2015).

2. Prevention (Mahon, 2018)
a) Primary cancer prevention: Measures taken 

to avoid carcinogen exposure and promote 
health or to prevent disease development 
(e.g., avoidance of tobacco products, immu-
nization against HPV)

(1) Chemoprevention (e.g., tamoxifen for 
women at risk for breast cancer; HPV 
vaccine to protect against HPV infec-
tion, which can cause cancers of the 
cervix, vagina, penis, anus, and oro-
pharynx)

(2) Lifestyle and behavioral modification 
of risk factors (e.g., dietary choices, 
obesity, smoking) associated with the 
development of some cancers (Smith 
et al., 2018)

b) Secondary cancer prevention: Early detec-
tion and treatment of cancer (e.g., mammo-
gram and colonoscopy screening)

c) Tertiary cancer prevention: Monitoring for 
or preventing recurrence of the original can-
cer or secondary malignancies (e.g., rehabil-
itation and exercise programs, nutritional 
changes, psychosocial support) (Smith et 
al., 2018)

3. Curative intent: Defined as treatment that has 
the potential to eliminate disease (ACS, 2016b)

4. Control: When cure is not possible, the goal may 
be to administer treatment to slow the growth or 
spread of cancer and allow patients to live longer 
than if therapy had not been given (ACS, 2016a).

5. Palliation: An interprofessional team-based 
approach that improves the quality of life for 
patients and families through expert assess-
ment and treatment of physical, spiritual, psy-
chological, and social problems associated with 
serious illness (World Health Organization 
[WHO], n.d.)
a) Both the Oncology Nursing Society (ONS, 

2014) and the American Society of Clinical 
Oncology (ASCO; Peppercorn et al., 2011) 
maintain position statements associated with 

integration of personalized palliative care 
that includes recognition of the patient’s 
goals, needs, and values as key to effective 
cancer care.

b) Integration of palliative care early in the can-
cer care experience is key to effective patient 
management (Hui & Bruera, 2016; Salins et 
al., 2016). It may include surgery, radiation 
therapy, complementary and integrative ther-
apies, chemotherapy, targeted therapies, or 
immunotherapies, individually or in combi-
nation (WHO, n.d.).

c) Palliative care can be offered at any point in 
the cancer care continuum and can be pro-
vided in inpatient, ambulatory, primary care, 
and community settings.

G. Measuring response
1. Objective tumor response

a) Quantitative measurement: Objective tumor 
response is assessed through a quantitative 
measurement such as surgical examination, 
imaging studies, or serum tumor markers. 
Baseline measurements recorded at the time 
of diagnosis are compared to those recorded 
after treatment completion.

(1) The earliest measures of determining 
response date back to 1976 when oncol-
ogists treating patients with lymphoma 
developed a system by measuring simu-
lated tumor masses with rulers and cal-
ipers. The developers recommended 
that to avoid error when measuring, 
a 50% decrease in tumor diameter be 
used as the criteria for determining the 
efficacy of treatment. Thus, the deci-
sion to use reduction of tumor size by 
50% was chosen to reduce error, not 
because it indicated a clinical benefit 
(Fojo & Bates, 2015).

(2) WHO Tumor Response Criteria were 
developed in 1981 as a standardized 
approach to reporting response to 
treatment and marked the advent of 
using a common language to describe 
response criteria (Fojo & Bates, 2015).
(a) Tu mor mea su rement s  a re 

obtained by using the cross prod-
uct, which is determined by multi-
plying the longest diameters of the 
axial and perpendicular planes.

(b) Although used for several decades, 
the limitations and deficiencies of 
these response criteria became obvi-
ous over time. For example, there 
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were no guidelines for what type 
of imaging may be used, and the 
bidimensional measuring tech-
nique was cumbersome. Several 
modifications were attempted, 
but none of these methods was 
uniformly accepted (Sandraseg-
aran, 2015).

(3) The Response Evaluation Criteria in 
Solid Tumors (RECIST) guidelines 
were published in 2000 by a task force 
that included members of the Euro-
pean Organisation for Research and 
Treatment of Cancer, NCI, and the 
National Cancer Institute of Canada. 
These guidelines addressed most but 
not all of the deficiencies in the WHO 
criteria.
(a) RECIST guidelines recommended 

the use of one-dimensional tumor 
measurements (the longest diame-
ter) rather than the cross product 
(Sandrasegaran, 2015).

i. Complete response (CR): 
Complete disappearance of 
all disease

ii. Partial response (PR): At 
least 30% reduction in the 
sum of the longest diameter 
of the target lesion

iii. Stable disease: Change not 
meeting criteria for response 
or progression

iv. Progression: 20% or more 
increase in the sum of the 
longest diameter of target 
lesions

(b) RECIST 1.1 was developed in 
2009 as technology and medicine 
advanced. Using the same crite-
ria for response from 1.0, it also 
identified and addressed prob-
lems with RECIST 1.0. For exam-
ple, the criteria were updated to 
include nodal disease (Fojo & 
Bates, 2015). RECIST 1.1 has also 
been known to have limitations.

i. The criteria depend solely 
on anatomic measurements 
and do not consider tumor 
vascularity or the parame-
ters of functional imaging.

ii. Traditional cytotoxic che-
motherapy often results in 
the reduction of tumor size, 

but newer targeted agents 
that interfere or inhibit cell 
growth and division by inhib-
iting molecular pathways are 
considered cytostatic, mean-
ing they block tumor cell 
proliferation, whereas stan-
dard chemotherapy agents 
are cytotoxic, meaning they 
kill tumor cells.

(c) Studies of several cancer types 
such as prostate cancer, mesothe-
lioma, soft tissue sarcoma, and 
neuroendocrine tumors have also 
shown that RECIST 1.1 criteria are 
inaccurate in reporting response 
to therapy (Sandrasegaran, 2015).

2. Clinical benefit response: The concept of clinical 
benefit response was developed when patients did 
not have measurable tumor shrinkage but experi-
enced a reduction in symptoms (e.g., pancreatic 
cancer). Clinical benefit is defined as a combina-
tion of reduction or improvement in pain, per-
formance status, and weight (Fojo & Bates, 2015).

3. The severity-weighted assessment tool was 
designed to assign a factor to cutaneous T-cell 
lymphoma where skin lesions can vary widely in 
severity rather than size, ranging from individ-
ual skin lesions to involving the entire epider-
mis (Fojo & Bates, 2015).

4. Pathologic complete response in breast can-
cer is the endpoint used to evaluate response 
after neoadjuvant treatment. After the stan-
dard neoadjuvant chemotherapy regimen, the 
breast is resected and evaluated for remaining 
breast cancer cells. The absence of cancer cells 
in the resected breast is referred to as pathologic  
complete response (Fojo & Bates, 2015).

5. Computed tomography–based tumor density is 
frequently used with diseases that have response 
to treatment but have minimal tumor shrinkage 
such as gastrointestinal stromal tumor, renal 
cell cancer, or hepatocellular cancer (Fojo & 
Bates, 2015).

6. Glucose analog tracer, fluorine-18 fluorodeoxy-
glucose positron-emission tomography (18F-FDG 
PET)
a) In 2007, the International Working Group 

incorporated guidelines using PET assess-
ments in metabolically active lymph nodes. 
Although widely used in clinical trials as part 
of the standardized response criteria for lym-
phoma, PET imaging in solid tumors is used 
for detection of new or recurrent sites of dis-
ease and can be used as an adjunct for evalu-
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ating disease progression when using RECIST 
criteria (Fojo & Bates, 2015).

b) The most recent effort to standardize 
PET criteria is Positron Emission Tomog-
raphy Response Criteria in Solid Tumors 
(PERCIST 1.0) by the European Organisa-
tion for Research and Treatment of Cancer 
and NCI. PERCIST specifies that the percent-
age of change in metabolic activity from base-
line to post-treatment scans be recorded to 
provide a continuous plot of tumor activity 
(Sandrasegaran, 2015). However, because of 
variations in patient activity, carbohydrate 
intake, blood glucose, and timing, unify-
ing 18F-FDG PET response criteria remains 
a challenge (Fojo & Bates, 2015).

7. Serum biomarkers
a) Tumor markers are a group of proteins that 

can be measured in the blood to indirectly 
evaluate progression of cancer. These mark-
ers are most useful in monitoring response 
to a treatment or progression of disease. The 
direction, whether future levels increase or 
decrease, and the rate of change allow the 
provider to determine efficacy of treatment. 
Therefore, it is helpful to obtain baseline 
tumor markers before the tumor is excised 
and before the initiation of treatment (Reilly, 
2013).

b) Serum biomarkers differ from the assays 
determining the presence of an overex-
pressed or mutated molecular target. The 
recent investment in the development of pre-
dictive markers has reduced the focus on pro-
tein biomarkers as an indicator of treatment 
response relative to older literature (Fojo & 
Bates, 2015).

8. Circulating tumor cells and circulating tumor 
DNA are under investigation and may show poten-
tial to determine therapeutic response.
a) The number of circulating tumor cells in the 

blood has been shown to be prognostic, with 
higher levels conferring a poor prognosis.

b) The amount of circulating tumor DNA 
appears to correlate with tumor burden and 
increases with stage.

c) Whether these tests prove to be more accu-
rate than serum biomarkers in determin-
ing treatment response remains to be deter-
mined (Fojo & Bates, 2015).

9. Immune-related response criteria
a) A number of new therapeutic options are 

being studied to harness the immune system 
in controlling malignancy. These approaches 
include cytokines, T cells (checkpoint inhib-

itors), manipulation of T cells, oncolytic 
viruses, therapies directed at other cell types, 
and vaccines.

b) The patterns of response to treatment with 
immunotherapy agents differ from treat-
ments with molecularly targeted agents 
or cytotoxic agents in several important 
respects (Shoushtari, Wolchok, & Hell-
man, 2018).

(1) The patient may have transient wors-
ening of disease before the disease sta-
bilizes or the tumor regresses; there-
fore, caution should be taken in stop-
ping treatment early.

(2) Treatment response can take longer to 
become apparent compared with cyto-
toxic therapy.

(3) Some patients who do not meet crite-
ria for objective response can have pro-
longed periods of stable disease that 
are clinically significant.

c) Immune-related response criteria have been 
proposed to properly recognize these nontra-
ditional patterns of response seen with check-
point inhibitors and some other immuno-
therapies. The use of these criteria is impor-
tant because the application of RECIST cri-
teria in patients being treated with check-
point inhibitors may lead to premature dis-
continuation of treatment in a patient who 
will eventually respond to treatment or have 
prolonged disease (Shoushtari et al., 2018; 
Wolchok et al., 2009).

(1) Immune-related complete response: 
Complete resolution of all lesions, with 
no new lesions. CR must be confirmed 
by a second consecutive assessment at 
least four weeks later.

(2) Immune-related partial response: A 
decrease in the total tumor burden of 
50% or more compared with baseline, 
which must be confirmed with second 
assessment at least four weeks later. This 
allows for inclusion of progression of 
some lesions or the appearance of new 
lesions as long as the total tumor bur-
den meets the response criteria.

(3) Immune-related stable disease: Tumor 
does not meet the criteria for either a 
PR or CR or for progressive disease.

(4) Immune-related progressive disease: 
Increase in tumor burden of 25% or 
more relative to the minimum recorded 
tumor burden. Must be confirmed by 
second assessment no less than four 
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weeks after the initial documentation 
of an increase in tumor.

10. Patient outcomes: Direct evidence of treatment 
benefit is derived from clinical trial effective-
ness endpoints that measure survival or a mean-
ingful aspect of how a patient feels or functions 
in daily life (U.S. FDA, 2017b). In the 1970s, 
FDA approved cancer drugs based on objective 
response rates that were determined by tumor 
assessments. However, in the 1980s, FDA deter-
mined that cancer drug approval should be 
based on more direct evidence of clinical ben-
efit, such as improvement in survival, improved 
tumor-related symptoms, quality of life, or physi-
cal functioning (U.S. Department of Health and 
Human Services, 2007).
a) Survival data are gathered to assess the effi-

cacy of cancer treatment.
(1) The starting point for survival mea-

surement may be the date of diagno-
sis, first visit to the physician or clinic, 
hospital admission, treatment initia-
tion, or randomization to a clinical 
trial (Hess, 2017).

(2) The vital status of each patient is noted 
as alive, dead, or unknown. The status 
is recorded at the endpoint of partici-
pation in a study, including the comple-
tion of the study or when the individual 
is lost to follow-up or dies (Hess, 2017).

b) Tumor assessment (U.S. Department of 
Health and Human Services, 2007)

(1) T i m e  t o  p r o g r e s s i o n  a n d 
progression-free survival have also 
served as primary endpoints for drug 
approval. Time to progression is defined 
as time from randomization to progres-
sion, whereas progression-free survival is 
defined as the time from randomiza-
tion until disease progression or death.

(2) Disease-free survival is defined as the 
time from randomization until recur-
rence of tumor or death from any cause. 
This endpoint is most frequently used 
in the adjuvant setting after definitive 
surgery or radiation therapy.

(3) Objective response rate refers to the pro-
portion of patients in a study with 
reduction in tumor burden of a pre-
determined amount and for a mini-
mum period of time. Response dura-
tion is measured from the time of ini-
tial response until documented tumor 
progression. Per FDA, if available, stan-
dardization criteria should be used to 

ascertain response (e.g., RECIST crite-
ria has been considered appropriate).

(4) Time to treatment failure is the endpoint 
measuring time from randomization 
to discontinuation of treatment for any 
reason, including progression, treat-
ment toxicity, or death.

c) Symptom assessment: Quality of life
(1) The ASCO Cancer Research Com-

mittee stated, “In arriving at goals for 
clinical trials, both survival and qual-
ity of life were considered as important 
to outcomes that are clinically mean-
ingful for patients” (Stenger, 2014,  
“Primary Goal,” para. 1).

(2) The committee also stated that symp-
toms from cancer progression and 
tolerability of treatment are critically 
important factors when considering 
whether a new treatment is associated 
with a clinically meaningful outcome 
(Stenger, 2014).

d) Performance status
(1) Performance status is the measure of 

level of functioning in terms of the 
amount of normal daily activity that 
patients can maintain to care for them-
selves and physical ability such as walk-
ing and working. Performance status 
is affected by cancer, complications 
of cancer, and comorbid conditions 
(Søgaard, Thomsen, Bossen, Sørensen, 
& Nørgaard, 2013).

(2) Assessing performance status is a way 
for physicians to track changes in a 
patient’s level of functioning as a result 
of cancer treatment. Documenting 
performance status using a standard-
ized index allows clinicians to report 
a patient’s response to clinical trials in 
a consistent manner (ECOG-ACRIN 
Cancer Research Group, 2016).

(3) Commonly used measurements of per-
formance status
(a) Eastern Cooperative Oncology 

Group (ECOG) score
i. First published in 1982, also 

called the WHO or Zubrod 
score. Key elements of the 
ECOG scale first appeared in 
medical literature in 1960 by 
C. Gordon Zubrod. This rat-
ing scale uses scores from 0 
to 5, indicating poorer per-
formance status as the score 
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increases (ECOG-ACRIN 
Cancer Research Group, 
2016).

ii. Researchers worldwide take 
the ECOG Performance Sta-
tus into consideration when 
planning trials to study a 
new treatment method. 
This numbering scale is one 
way to define the popula-
tion of patients to be stud-
ied in the trial so that it can 
be uniformly reproduced 
among physicians who enroll 
patients (ECOG -ACRIN 
Cancer Research Group, 
2016).

(b) The Karnofsky Performance Sta-
tus Scale was first introduced in 
1949 with an index rating between 
100 and 0, with higher score 
indicating better performance 
(ECOG-ACRIN Cancer Research 
Group, 2016).

(c) The Lansky Play-Performance 
Scale for Pediatric Patients is used 
to classify patients younger than 
16 years. The form is completed 
by parents based on the child’s 
activity over the past week and is 
repeated over time to assess for 
changes in performance status 
(Lansky, List, Lansky, Ritter-Sterr, 
& Miller, 1987).

(d) Table 4-2 compares the three per-
formance rating scales.

H. Factors affecting treatment response
1. Comorbidity is defined as “the coexistence of dis-

orders in addition to a primary disease of inter-
est” (Sarfati, Koczwara, & Jackson, 2016, p. 338).
a) 40% of patients with cancer have at least one 

other chronic condition, and 15% have two 
or more (Sarfati et al., 2016).

b) Comorbidity has consistently been found to 
have an adverse impact on cancer survival 
(Sarfati et al., 2016). It can affect cancer sur-
vival through its impact on factors such as 
cancer detection, treatment, and adherence 
(Søgaard et al., 2013).

c) Patients with comorbidities are less likely 
to receive adjuvant therapy, more likely to 
receive a reduced dose, and less likely to 
complete a course of treatment (Søgaard et 
al., 2013).

(1) It has been found that 24%–70% of 
patients with cancer with comorbid-
ity are not treated according to guide-
lines (Søgaard et al., 2013).

(2) Substantial inconsistency and lack 
of consensus exist in treatment deci-
sions based on comorbidity (Sarfati 
et al., 2016).

(3) Factors that may affect treatment deci-
sions in patients with comorbidity 
include concern about toxicity, patient 
age, race, and education level (Søgaard 
et al., 2013).

d) Cancer or its treatment may affect comorbid-
ity outcomes. Cancer therapies can increase 
the risk of cardiovascular, metabolic, mus-
culoskeletal, and other conditions and can 
worsen preexisting comorbidities (Sarfati 
et al., 2016).

2. Performance status: Measuring performance sta-
tus is useful because it reflects patients’ potential 
ability to tolerate and respond to further treat-
ment. Two patients with similar stages of disease 
but significantly different performance indexes 
may have very different outcomes (Reilly, 2013).

3. Tumor burden: According to NCI (n.d.-d), tumor 
burden refers to the number of cancer cells, the 
size of the tumor, or the amount of cancer in the 
body. The larger the tumor (sometimes referred 
to as the bulkiness of disease), the greater the 
chance for spread and development of meta-
static disease. Tumor burden continues to be 
the most important disease characteristic when 
determining treatment for patients with Hodg-
kin lymphoma (Cuccaro et al., 2014).

4. Resistance: Genetic instability of the tumor cell 
and emergence of drug resistance are currently 
considered the most significant determination 
of response (Tortorice, 2018).
a) Temporary or relative resistance is usually a 

function of the drug’s inability to reach the 
target cell. Causes of temporary resistance 
include the following (Tortorice, 2018):

(1) Poor blood supply
(2) Anatomic sanctuary sites, such as the 

testes and central nervous system
(3) Altered pharmacokinetic parameters

(a) Pharmacokinetics is defined as the 
action of the body in response to a 
drug (Alfarouk et al., 2015).

(b) Pharmacokinetic resistance is 
a concept that describes the 
body-related factors that alter a 
drug’s effectiveness so that it does 
not reach its target or accomplish 



Chapter 4. Overview of Cancer and Cancer Treatment 37

Table 4-2. Performance Status Scales

Scale Grade/Score Description

Eastern Cooperative 
Oncology Group (also 
known as ECOG, Zubrod, 
or World Health Organiza-
tion) performance scale

0 Fully active; no performance restrictions

1 Strenuous physical activity restricted; fully ambulatory and able to carry out light work

2 Capable of all self-care but unable to carry out any work activities; up and about > 50% 
of waking hours

3 Capable of only limited self-care; confined to bed or chair > 50% of waking hours

4 Completely disabled; cannot carry out any self-care; totally confined to bed or chair

5 Dead

Karnofsky Performance 
Status Scale

100 Normal; no complaints; no evidence of disease

90 Able to carry on normal activity; minor signs or symptoms of disease

80 Normal activity with effort; some signs or symptoms of disease

70 Cares for self; unable to carry on normal activity or do active work

60 Requires occasional assistance but able to care for most needs

50 Requires considerable assistance and frequent medical care

40 Disabled; requires special care and assistance

30 Severely disabled; hospitalization indicated although death not imminent

20 Hospitalization necessary; very sick; active supportive treatment necessary

10 Moribund; fatal processes progressing rapidly

0 Dead

Lansky Play-Performance 
Scale for Pediatric Patients

100 Fully active; normal

90 Minor restrictions with strenuous physical activity

80 Active, but gets tired more quickly

70 Both greater restriction of and less time spent in active play

60 Up and around but minimal active play; keeps busy with quieter activities

50 Lying around much of the day but gets dressed; no active play; participates in all quiet 
play and activities

40 Mostly stays in bed; participates in quiet activities

30 Stuck in bed; needs help even for quiet play

20 Often sleeping; play is entirely limited to very passive activities

10 Does not play or get out of bed

0 Unresponsive

Note. Based on information from ECOG-ACRIN Cancer Research Group, 2016; Michigan Care Management Resource Center, n.d.
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its intended goal. The following 
factors can affect pharmacokinetic 
resistance (Alfarouk et al., 2015):

i. Absorption: Orally ingested 
agents for cancer can be 
affected by the presence 
or absence of food in the 
patient’s stomach and the 
presence of permeability gly-
coprotein, or P-glycoprotein 
(P-gp), which is found along 
the gastrointestinal tract. 
P-gp has been shown to 
reduce the oral bioavailabil-
ity of some anticancer drugs.

ii. Distribution: A higher vol-
ume of distribution means 
more drug penetrates into a 
tissue while it is more diluted 
in the plasma. Volume of dis-
tribution can be affected by 
gender, weight, plasma pro-
teins, and circadian rhythm.

iii. Metabolism: Cytochrome 
P450 enzymes are respon-
sible for drug metabolism. 
Overexpression might lead 
to resistance due to rapid 
inactivation of the drug.

iv. Excretion of drugs can be 
affected by:
• Overexpression of multi-

drug resistance protein, 
which is correlated with 
an increase in biliary 
excretion

• Renal excretion: The kid-
ney is the primary organ by 
which drugs are excreted. 
Changes in glomerular fil-
tration rate based on gen-
der and ethnic differences 
can have a direct effect on 
drug availability.

(c) Drug–drug interactions: Coad-
ministration of drugs might result 
in antagonism such that one 
drug may counteract or neutral-
ize another. A common example 
is tamoxifen, which needs to be 
converted to its active form by the 
metabolizing enzyme CYP2D6. 
This same enzyme is inhibited by 
certain selective serotonin reup-
take inhibitors, thus reducing the 

efficacy of tamoxifen (Alfarouk et 
al., 2015).

(d) In some conditions, temporary 
resistance may be reversed by 
altering drug delivery, dose, or 
scheduling of drug administration  
(Tortorice, 2018).

b) Permanent or phenotypic drug resistance is 
an inheritable mechanism that may result 
from a genetic mutation or preexisting trait 
(Tortorice, 2018).

(1) Primary resistance: Present prior to 
treatment

(2) Secondary resistance: Develops after 
exposure to the cytotoxic drug

(3) The Goldie-Coldman hypothesis pre-
dicts that drug-resistant tumor cell 
clones survive because of a favorable 
spontaneous mutation that occurs in 
approximately one in a million cells. 
Because 1 g of tumor contains 1 × 109 
cells, cancers with high tumor burden 
contain cells with a tremendous num-
ber of mutations, which can contribute 
to drug resistance. This is the rationale 
for using combination chemotherapy 
at specific dose intervals to maximize 
dose intensity (Gerson, Caimi, William, 
& Kreger, 2018).

(4) Tumor heterogeneity: Refers to the 
differences between tumors of the 
same type in different patients and 
the genetic differences of the cancer 
cells within a tumor. Heterogeneity 
increases the risk for primary or sec-
ondary resistance. As cells divide, new 
mutations emerge. With successive 
mutations, new cells become resistant 
(O’Dwyer & Calvert, 2015).

c) Multidrug resistance is observed when tumor 
cells develop mechanisms to protect them-
selves against cytotoxic drugs (Tortorice, 
2018).

(1) Drug inactivation: Many cancer drugs 
must undergo metabolic activation to 
acquire clinical efficacy. However, can-
cer cells can develop resistance through 
decreased drug activation. Examples 
include the following (Housman et 
al., 2014):
(a) Cytarabine (ara-C) is activated 

through phosphorylation events 
that convert it to ara-C triphos-
phate. Downregulation or muta-
tion in this pathway can produce a 
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decrease in the activation of ara-C, 
resulting in ara-C drug resistance 
in the treatment of acute myeloid 
leukemia.

(b) In patients with ovarian cancer, 
resistance to platinum-based ther-
apy can occur through drug inac-
tivation by metallothionein and 
thiol glutathione, which activate 
the detoxification system.

(2) Drug target alteration: A drug’s effi-
cacy is influenced by its molecular tar-
get and alterations of this target. In can-
cers, these target alterations can ulti-
mately lead to drug resistance (Hous-
man et al., 2014).
(a) Point mutations are the most com-

mon mechanism of resistance to 
TKIs. The development of resis-
tance against a specific inhibitor 
can be the result of a preexisting 
cancer cell subpopulation car-
rying the mutation or the emer-
gence of new mutations that may 
affect drug sensitivity (Gerson et 
al., 2018).

i. Human epidermal growth 
factor receptor 2 (HER2) is 
a receptor tyrosine kinase 
that is overexpressed in 
30% of patients with breast 
cancer, and drug resistance 
can result after long-term 
use of inhibitors targeting 
this kinase (Housman et 
al., 2014).

ii. Increased response rates to 
EGFR inhibitors have been 
reported in certain lung can-
cers, with EGFR mutations 
reported to have acquired 
resistance within one year. 
The development of an 
EGFR-T790M gatekeeper 
mutation was reported in 
half of all cases (Housman 
et al., 2014).

iii. Imatinib is a TKI that spe-
cifically targets the BCR-ABL 
protein and induces remis-
sion in patients with chronic 
myeloid leukemia. Imatinib 
resistance can be caused by 
a point mutation in the ABL 
gene and amplification of 

the BCR-ABL fusion gene 
(Housman et al., 2014).

(3) Drug efflux: Involves reducing drug 
accumulation by removing the drug 
from inside the cancer cell. Mem-
bers of the adenosine triphosphate– 
binding cassette (ABC) transporter 
family include proteins that enable 
this efflux.
(a) ABC transporters are highly 

expressed in the epithelium of the 
liver and intestine, where the pro-
teins protect the body by pumping 
drugs and other harmful molecules 
into the bile duct and intestinal 
lumen. While efflux via ABC trans-
porters is a normal physiologic pro-
cess, it is also a known mechanism 
of drug resistance in cancer cells 
(Housman et al., 2014).

(b) Multidrug resistance protein 1 
(MDR1), which produces P-gp, was 
the first transporter to be identi-
fied and has been studied exten-
sively (Housman et al., 2014).

i. P-gp is part of the ABC super-
family of transporters. It is 
localized in the plasma pro-
tein, where it functions as a 
drug efflux pump (Gerson 
et al., 2018).

ii. Recent simplified terminol-
ogy also refers to P-gp as 
ABC-B1 transporter (Ger-
son et al., 2018).

iii. The presence of MDR1 gene 
and overexpression of P-gp 
have been found to be pre-
dictors of poor progno-
sis and shortened survival 
in patients with acute leu-
kemia, multiple myeloma, 
and malignant lymphoma  
(Tortorice, 2018).

(4) DNA reparability: When cells suffer 
DNA damage, several different path-
ways can kick in to help repair it, 
depending on the type of damage. 
Cells from different people and differ-
ent tumors vary greatly in their ability 
to repair DNA damage, and scientists 
have been pursuing measurements of 
this ability to predict how patients will 
respond to DNA-damaging chemother-
apy (Nagel et al., 2017).
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(5) Cell death inhibition
(a) Tumor suppressor protein p53 is a 

regulator protein that allows cells 
with undamaged DNA to proceed 
into the cell cycle. Following expo-
sure to the DNA damaging agents 
of cytotoxic therapy, an intact TP53 
gene prevents the tumor cell from 
entering the cell cycle, leading to 
apoptosis (Tortorice, 2018).

(b) Mutations in the TP53 gene are 
among the most common genetic 
changes observed in tumor cells 
and may occur in a least 50% of 
all tumors. When TP53 function 
is lost, the tumor cell survives the 
apoptotic stimuli, and the disease 
progresses. The presence of TP53 
mutation usually indicates poorer 
prognosis (Tortorice, 2018).

5. Biomarkers
a) Certain biomarkers are used as a predictive 

factor, as they provide information on the 
likelihood of tumor response to a specific 
therapeutic regimen. This differs from a pro-
tein biomarker used as a prognostic indica-
tor, which provides information during the 
course of treatment by indicating growth, 
invasion, or metastatic potential (Chia, 2016).

b) Detecting protein biomarkers for estrogen 
and progesterone receptors through immu-
nohistochemistry staining technique was one 
of the earliest applications to find a place in 
patient management (Franklin, Aisner, Post, 
Bunn, & Garcia, 2014).

(1) Estrogen receptor and progesterone 
receptor overexpression: The presence 
of hormone receptors in breast can-
cer predict the potential for a clinical 
response to hormone therapy. Estro-
gen receptor status is also a prognostic 
indicator in that patients with hormone 
receptor positivity generally have a 
more favorable prognosis (Chia, 2016).

(2) HER2 overexpression
(a) Amplification or overexpression 

of HER2 occurs in approximately 
15%–30% of breast cancers and 
10%–30% of gastric/gastroesoph-
ageal cancers. It is also seen in can-
cers of the ovary, endometrium, 
bladder, lung, colon, and head and 
neck (Iqbal & Iqbal, 2014).

(b) The assay for HER2 amplifica-
tion has become a standard part 

of evaluation of breast cancer, as 
it identifies patients who may ben-
efit from HER2-directed therapies 
such as ado-trastuzumab, lapa-
tinib, neratinib, pertuzumab, and 
trastuzumab (Chia, 2016; Iqbal & 
Iqbal, 2014). In breast cancer, the 
term triple-negative is commonly 
used to refer to patients who do 
not have amplifications of estro-
gen receptor, progesterone recep-
tor, and HER2.

(c) Although therapies directed 
a g a i n s t  H E R 2  h ave  r e v -
olutionized the treatment of 
HER2-overexpressing breast and 
gastric cancers, in other cancers, 
these therapies have provided dis-
appointing results (Iqbal & Iqbal, 
2014).

(d) HER2 overexpression also has 
prognostic value, as patients whose 
cancer expresses HER2 have 
shorter median survival (Chia, 
2016) and, as in the case with gas-
tric cancer, correlate with poor 
outcomes and more aggressive dis-
ease (Iqbal & Iqbal, 2014).

(3) Some types of cancer will have a tar-
get that can be used to attack the cell. 
For example, in chronic myeloid leuke-
mia, most patients have the BCR-ABL 
fusion gene (NCI, 2017). Targeted ther-
apies work to attack cancer cells by tar-
geting them.

(4) Receptor mutations
(a) DNA sequencing is a laboratory 

process used to learn the exact 
order (or sequence) of the four 
building blocks that make up DNA 
and is used to find mutations that 
may cause diseases such as cancer 
(NCI, n.d.-b).

(b) The Cancer Genome Atlas is a 
collaboration between NCI and 
the National Human Genome 
Research Institute that resulted 
in the development of com-
prehensive maps of the key 
genomic changes taking place 
in 33 different types of cancer  
(NCI, n.d.-a).

(c) Specific mutations in the tyrosine 
kinase signaling pathway lead to 
uncontrolled cell proliferation 
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and tumor formation. By stimulat-
ing the downstream intracellular 
signaling process, these mutations 
cause accelerated cell prolifera-
tion, extended cell survival, and 
increased angiogenesis. Molec-
ular testing for these mutations 
can provide guidance in priori-
tizing therapies specific to these 
receptors for patients who are 
most likely to benefit from a tar-
geted agent, as well as identifying 
those patients who will not bene-
fit from a targeted agent. A num-
ber of small molecule TKIs have 
been designed to block phosphor-
ylation and suppress tumor growth 
(Franklin et al., 2014).

i. EGFR is an example of a pro-
tein receptor within the tyro-
sine kinase pathway that is 
expressed at high levels in 
some non-small cell lung and 
colon carcinomas.

ii. Other mutations and com-
monly associated diseases 
for which targeted thera-
pies are available (Franklin 
et al., 2014)
• KRAS : the absence of the 

mutation in colon cancer 
and activating mutations 
in colon cancer

• BRAF activating muta-
tions in melanoma, colon 
cancer, and lung cancer

• NRAS activating muta-
tions in colon cancer and 
non-small cell lung cancer

• c-KIT activating mutations 
in gastrointestinal stromal 
tumor

• CD20 antigen overexpres-
sion in lymphoma

• KIT activating mutations 
in melanoma

• ALK gene rearrangement 
in non-small cell lung 
cancer

c) Programmed cell death-ligand 1 (PD-L1) 
protein is found on both normal and can-
cer cells. 

(1) Overexpression of PD-L1 by tumor cells 
inactivates the body’s immune activ-
ity against the cancer cell by binding 

with the programmed cell death pro-
tein 1 (PD-1) antigen on the T cell. By 
suppressing the T cell, the cancer cell 
can evade attack by the body’s immune 
system.

(2) Immunotherapy treatments that target 
either PD-L1 or PD-1 block this bind-
ing, keeping PD-L1 from inactivating 
the T cell, thus boosting the immune 
system in its response against the can-
cer cell (Bayer et al., 2017).
(a) PD-1 inhibitors have been shown 

to be helpful in treating several 
types of cancer, including mela-
noma, non-small cell lung can-
cer, kidney cancer, bladder can-
cer, head and neck cancer, and 
Hodgkin lymphoma.

(b) PD-L1 inhibitors have been effec-
tive in treating bladder cancer, 
non-small cell lung cancer, and 
Merkel cell carcinoma (ACS, 
2017).

d) Adherence: Poor adherence to cancer treat-
ment, especially to oral agents, includes mis-
use, overuse, and underuse. Lack of adher-
ence negatively affects providers’ abilities to 
determine treatment efficacy and effective-
ness, contributes to increased healthcare 
costs, and can lead to worsening of disease 
and decreased overall patient survival (Atkin-
son et al., 2016).

I. Adherence
1. As treatments for cancer advance to targeted 

agents, more patients are taking their chemo-
therapy orally, resulting in a shift from medi-
cations given intravenously in the clinic setting 
to those taken by mouth and managed at home 
by patients.

2. Advantages of oral agents for cancer (OACs) for 
patients and healthcare providers (Tipton, 2015)
a) Less disruption of work and family life
b) Potentially less time in the clinic and less 

travel for patients
c) Potentially less need for IV access

3. Challenges with the increased use of OACs
a) Acquisition concerns
b) Financial burden associated with high 

co-payment, as most oral oncolytics, with 
a few exceptions, fall under the patient’s 
prescription drug benefit instead of med-
ical benefit

c) Patient and family understanding of how to 
take the medication in a safe manner
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d) Absorption issues and interactions with food 
and other medications

e) Monitoring for adherence and toxicities
f) Geographic/travel barriers

4. Adherence is defined as the degree or extent of 
conformity to the provider’s recommendations 
about day-to-day treatment with respect to tim-
ing, dosing, and frequency (Neuss et al., 2016).
a) Adherence is the preferred term, as it suggests 

patient and physician shared decision mak-
ing, whereas compliance is defined as how well 
the patient behavior matches the prescribed 
therapy. The term compliance is commonly 
avoided today because of the negative conno-
tation implying healthcare provider author-
ity (Tipton, 2015).

b) Adherence to therapy is correlated with treat-
ment success. Nonadherence to the prescribed 
therapy is associated with treatment failure 
and increased healthcare costs. It is believed 
that to achieve maximum benefit from most 
treatments, patients need to initiate and con-
tinue their treatment as prescribed.

(1) The same factors that may affect patient 
outcomes may be the same factors caus-
ing a patient to discontinue treatment 
early—for example, poor performance 
status, negative psychological outlook, 
and nonadherent health behaviors 
(Hershman, 2016).

(2) Factors affecting the patient’s ability 
to remain adherent may occur simul-
taneously and can generally be catego-
rized into the following dimensions as 
listed in Table 4-3 (Hershman, 2016; 
Irwin & Johnson, 2015; Ruddy, Mayer, 
& Partridge, 2009; Spoelstra, 2015):
(a) Personal and patient
(b) Medication/treatment
(c) Healthcare system

5. Measures used to promote adherence: For the 
patient to have the best possible outcome, health-
care provider intervention is essential to assist-
ing the patient in overcoming adherence con-
cerns. By assessing the patient’s risk for nonad-
herence and identifying barriers, healthcare 
providers can incorporate measures to improve 
adherence into the patient’s care plan (Irwin & 
Johnson, 2015).
a) ASCO and ONS have collaborated to define 

safety standards for the administration of 
chemotherapy, including measures neces-
sary for safe administration of oral oncolytics.

b) Pretreatment assessment: Prior to patients 
beginning a new chemotherapy regimen, 

a comprehensive assessment is completed, 
including medical history, physical exam-
ination, psychosocial assessment, and the 
patients’ and/or caregivers’ comprehension 
of the disease and treatment plan (Neuss et 
al., 2016).

c) Education: Thorough and ongoing education 
is key to assisting patients in safely managing 
their oral chemotherapy in the home setting. 
With proper education, patients and caregiv-
ers are better able to manage the symptoms 
related to the side effects of treatment, adhere 
to the prescribed regimen, avoid contrain-
dicated medications and foods, and inquire 
when questions arise (Spoelstra, 2015). The 
nursing role in medication teaching also may 
enhance communication between patients 
and providers, maximizing medication adher-
ence (Atkinson et al., 2016).

(1) Prior to beginning therapy with an 
OAC, patients and their family or care-
givers should receive comprehensive 
education about the medication(s) to 
be prescribed, including the following 
(Neuss et al., 2016):

Table 4-3. Factors Influencing Adherence

Dimension Influencing Factor

Personal and 
patient

Age
Emotional state
Mental status
Health beliefs
Educational level
Expectations of the treatment results
Medication knowledge
Social support system
Socioeconomic status
Alcohol or drug abuse
Physical condition and the presence of 

comorbid conditions
Lifestyle: the patient’s ability to incorpo-

rate regimen into daily routine

Medication and 
treatment

Complexity of regimen
Pill burden
Duration of treatment
Immediacy and evidence of benefit
Side effects
Cost

Healthcare  
system

Relationship with providers
Satisfaction with care
Cost/insurance coverage
Education provided prior to treatment
Convenience of clinics

Note. Based on information from Hershman, 2016; Irwin & Johnson, 
2015; Ruddy et al., 2009; Spoelstra, 2015.
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(a) Drugs to be administered, as well 
as the schedule and duration of 
treatment

(b) Short- and long-term side effects of 
treatment, including instructions 
on when to stop the drug or con-
tact healthcare providers

(c) Possible drug–drug and drug–
food interactions

(d) The plan for missed doses
(e) Safe storage and handling of the 

OAC in the home, including how 
to manage unused medication

(f) Safe handling of body secretions 
and waste in the home

(g) Plans for follow-up, including lab-
oratory tests and provider visits

(2) The Multinational Association of Sup-
portive Care in Cancer (MASCC) has 
developed the MASCC Oral Agent 
Teaching Tool to assist healthcare 
providers in the assessment and edu-
cation of patients receiving OACs  
(Rittenberg, Johnson, Kav, Barber, & 
Lemonde, 2016). Components of the 
teaching tool are as follows:
(a) Key assessment questions to assess 

the patient’s knowledge of the 
treatment plan, current medica-
tions, and ability to obtain and 
take an OAC

(b) General patient teaching instruc-
tions applicable to all OACs, 
including storage, handling, dis-
posal, system for remembering to 
take the OAC, and actions to take 
if problems occur

(c) Drug-specific information that 
includes the dose, schedule, side 
effects, and potential interactions

(d) Evaluation questions that may be 
asked to assess patients’ and care-
givers’ understanding of the infor-
mation provided

d) Tools to promote adherence: The nurse is 
an invaluable resource to educate patients 
on the various measures and tools available 
to assist in remembering to take their medi-
cation and improve adherence (Burhenn & 
Smuddle, 2015; Ruddy et al., 2009).

(1) Calendars and diaries with daily med-
ication checklists

(2) Pill boxes as permitted by each OAC 
storage recommendation

(3) Electronic reminders

(a) Smartphone applications
(b) Electronic alarms
(c) Text messaging
(d) Glowing pill bottles
(e) Electronic patient portal

(4) Establishment of a daily routine for 
taking the OAC at the same time each  
day

e) Follow-up phone calls: Studies have shown 
that patients who receive follow-up calls 
reported that the calls reinforced their knowl-
edge and understanding of their oral che-
motherapy, as well as increased their com-
fort level in managing and being adherent 
to their treatment (Bellomo, 2016).

6. Monitoring and assessment
a) Adherence assessment: Addressing patient 

adherence is a crucial factor in promoting 
safety and effective treatment of the disease 
(Rudnitzki & McMahon, 2015).

(1) Criteria for assessing adherence to 
an oral chemotherapy treatment plan 
(Neuss et al., 2016)
(a) Confirmation that the patient 

filled the prescription as written
(b) Inquiry regarding concerns about 

treatment costs
(c) Verification that the patient under-

stands how to take the OAC as 
prescribed

(d) Verification that the patient under-
stands what to do in case of missed 
doses

(e) Assessment for potential toxicity 
during each clinical encounter 
and in phone encounters. Stud-
ies have shown that adverse effects 
remain one of the leading causes 
for nonadherence to oral oncolyt-
ics (Salgado et al., 2017).

(2) Methods of adherence monitoring
(a) Direct observation measures, such 

as watching the patient swallow the 
medication, measuring urine and 
serum drug assays, or monitoring 
biologic markers in the blood, are 
used infrequently because these 
methods are impractical or too 
costly. In addition, laboratory 
drug assays are only available for 
certain drugs (Spoelstra & Ritten-
berg, 2015).

(b) Indirect measurement of adher-
ence implies that the medication 
has been taken by the patient.
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i. Pat ient  sel f - repor t ing 
through diaries, calendars, 
questionnaires, or electronic 
patient portals, or asking 
patients whether they are still 
taking the medication and if 
they have missed any doses 
since their last office visit, is 
one of the simplest measures 
of adherence (Spoelstra & 
Rittenberg, 2015).

ii. Pill counts are objective and 
easy to perform but may 
prove unreliable, as patients 
may discard unused medica-
tion instead of taking it as 
directed (Kreys, 2016).

iii. Electronic drug monitor-
ing systems record the 
date and time the cap was 
removed from the bottle. 
This method can be expen-
sive and requires download-
ing data from the micro-
chip to compatible software 
(Kreys, 2016).

iv. Pharmacy records and refill 
rates may indicate acquisi-
tion and possession but do 
not provide information on 
actual consumption of the 
medication.

v. Assessment of patients’ clin-
ical response may allow the 
provider to capture severe 
nonadherence, although fac-
tors other than adherence 
can affect patient’s individ-
ual responses (Kreys, 2016).

(3) Using more than one method to mea-
sure adherence has been suggested to 
increase the overall accuracy of the 
assessment, based on the idea that 
multiple methods would complement 
each other by overcoming the indi-
vidual weaknesses of one measure 
with the strength of another (Kreys, 
2016).

7. Developing an interprofessional process
a) Identify key stakeholders and assign respon-

sibilities to ensure there is no duplication of 
resources.

(1) Physician/prescriber
(2) Advanced practice provider
(3) Oncology RN

(4) Financial advocate
(5) Pharmacist
(6) Specialty pharmacist
(7) Oral oncology nurse navigator or 

patient navigator
(8) Patient and caregiver

b) Practice considerations
(1) Communication of the plan for the 

OAC and collaboration within the inter-
professional team is crucial to ensure 
adequate patient education, engage-
ment, and follow-up (Rudnitzki & 
McMahon, 2015).
(a) Prescriber notifies the clinical 

staff of the treatment plan. Max-
imize the use of technology for 
e-prescribing and electronic 
alerts to notify appropriate staff 
when an oral oncolytic has been 
ordered (Association of Com-
munity Cancer Centers [ACCC],  
2016).

(b) Collaborate with the specialty 
pharmacy through proactive 
communication and frequent 
follow-up (ACCC, 2016).

(c) Collaborate with the financial 
advocate.

i. Screen patients at high risk 
for financial toxicity.

ii. Obtain preauthorization for 
insurance reimbursement.

iii. Enroll patients in patient 
assistance program.

(d) Entire team completes documen-
tation in electronic health record.

(2) Develop a robust patient education pro-
gram (ACCC, 2016).
(a) Schedule dedicated patient educa-

tion office visit that includes the 
following:

i. Assessment of health literacy 
and patient understanding 
before reviewing important 
information

ii. How to take the OAC
iii. Safety measures
iv. Symptom management
v. When to call the office

vi. Adherence tools
vii. Patient teach-back

viii. Informed consent
(b) Ensure patients receive pharma-

cist counseling with first fill and 
refills.
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(c) Provide ongoing education with 
each clinical encounter and 
follow-up call.

(3) Patient monitoring and follow-up
(a) Schedule laboratory, other moni-

toring (e.g., electrocardiogram), 
and provider follow-up visits that 
coordinate with the date the 
patient started taking the oral 
oncolytic.

(b) Place phone calls to promote 
adherence, assess for toxicity 
concerns, and provide reeduca-
tion and support (Spoelstra &  
Sansoucie, 2015).

(c) Consider other electronic means 
of communication through patient 
portals.

(d) Perform medication reconcilia-
tion and adherence and toxicity 
assessments at each office visit 
(Neuss et al., 2016).

(4) Maximize the use of technology to 
streamline workflow processes and 
improve communication (ACCC, 
2016).
(a) Computerized physician order 

entry
(b) Standardized forms or flow sheets 

to follow when placing outreach 
calls

(c) Secure electronic fax servers
(d) Integrated electronic health 

record system and patient portals
(5) Staff development

(a) Develop policies and procedures.
(b) Designate educator for staff.
(c) Create checklists for staff to 

remind them of key elements 
required for education.

(d) Ensure education materials are 
current and comprehensive.

(6) Develop quality outcomes for measur-
ing performance and evaluate the use, 
compliance, and effectiveness of the 
policies, procedures, and checklists.

J. Toxicity grading
1. The Common Terminology Criteria for Adverse 

Events (CTCAE) is a descriptive terminology 
used for adverse event reporting that has become 
widely accepted throughout the oncology com-
munity as the standard classification and severity 
grading scale for adverse events in cancer ther-
apy clinical trials and other oncology settings.

a) NCI Cancer Therapy Evaluation Program 
released version 5.0 in November 2017.

b) An adverse event is defined as “any unfavorable 
and unintended sign (including an abnormal 
laboratory finding), symptom, or disease tem-
porally associated with the use of a medical 
treatment or procedure that may or may not 
be considered related to the medical treat-
ment or procedure” (NCI Cancer Therapy 
Evaluation Program, 2017, p. 2).

c) The criteria incorporated into this toxicity 
grading scale are used for management of 
chemotherapy administration and dosing, as 
well as in clinical trials to provide standard-
ization and consistency in the definition of 
treatment-related toxicity (Savarese, 2018).

d) In the realm of clinical trials, the grading sys-
tem is designed to integrate into information 
networks for safety data exchange and influ-
ence data management for adverse event data 
collection, analysis, and patient outcomes 
associated with cancer research and care.

e) Grade refers to the severity of the adverse 
event. The CTCAE displays grades 1 through 
5 with unique clinical descriptions of sever-
ity for each adverse event based on the gen-
eral guidelines listed in Table 4-4.

2. A patient-reported outcomes (PRO) version of 
the CTCAE takes into account the patient’s per-
spective on adverse events that may be underde-
tected using the existing CTCAE system. A PRO 
version of the CTCAE has been developed but 
is not yet in widespread use (Savarese, 2018).
a) PROs are defined as any report of the status 

of a patient’s health condition that comes 
directly from the patient without interpreta-
tion by the clinician (Pirschel, 2017).

b) ONS (n.d.) has established criteria for PRO 
assessment tools and lists instruments meet-
ing these criteria on its website (www.ons 
.org/assessment-tools).

(1) The MD Anderson Symptom Inven-
tory is one of the PRO assessment 
tools accepted by ONS (Cleeland, 
2016). The tool is used to assess the 
severity and effect on daily living of 13 
high-frequency or severity symptoms: 
pain, fatigue, nausea, disturbed sleep, 
distress, shortness of breath, difficulty 
remembering, lack of appetite, drows-
iness, dry mouth, sadness, vomiting, 
and numbness/tingling.

(2) Assess for any agent-specific symptoms 
(e.g., vincristine and peripheral neu-
ropathy, methotrexate and stomatitis).

http://www.ons.org/assessment-tools
http://www.ons.org/assessment-tools
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CHAPTER 5

Clinical Trials and Drug 
Development

A. Clinical research
1. Clinical research involves studies conducted on 

human beings with the goal of developing knowl-
edge about human health and illness. These stud-
ies may involve an individual person or a group 
of people or may use data or materials from 
humans (i.e., biospecimens).

2. Types of clinical research (U.S. Food and Drug 
Administration [FDA], 2017b)
a) Patient-oriented research, which involves 

individuals, their data, or their biospeci-
mens to study

(1) Mechanisms of human disease
(2) Treatments or interventions for disease
(3) Development of technology related to 

disease
b) Epidemiologic and behavioral research, which 

looks at the distribution of disease, the fac-
tors that affect health, and how people make 
health-related decisions

c) Health services research, which seeks to 
identify the most effective ways to organize, 
finance, manage, and deliver high-quality 
care, reduce medical errors, and improve 
patient safety

d) Outcomes research, which identifies health-
care practices and interventions to support 
more informed patient care decisions

3. Clinical trials: A clinical trial is one type of 
patient-oriented research in which the patient (i.e., 
research participant) is prospectively assigned to 
an intervention to evaluate the effects of the inter-
vention on health-related biomedical or behavioral 
outcomes (National Institutes of Health, 2017). 
Table 5-1 summarizes five types of clinical trials 
(Ness & Royce, 2017; U.S. FDA, 2017b).
a) Cancer clinical trials are essential for the iden-

tification of new, more effective therapies to 
improve disease prevention, detection, treat-
ment, and rehabilitation. Clinical trials have 

Table 5-1. Types of Clinical Trials

Type of Trial Description

Prevention Evaluate the effectiveness of ways to reduce 
the risk of developing a disease or prevent-
ing a disease from returning by one of the fol-
lowing:
 • “Doing” something (e.g., lifestyle changes, 
including diet, exercise, or smoking cessa-
tion)

 • “Taking” something (e.g., medications, vita-
mins, vaccines)

Diagnostic Develop better tests or procedures to more 
accurately identify and diagnose a disease 
or condition (e.g., imaging tests, laboratory 
tests, tumor markers).

Screening Assess new or better ways of detecting dis-
ease or health conditions earlier in healthy 
people. Examples include obtaining the fol-
lowing:
 • Tissue samples
 • Laboratory tests, including genetic testing
 • Imaging tests
 • Physical examinations
 • Health histories, including family histories 
and pedigrees

Quality of life Evaluate measures to improve comfort and 
quality of life for people with chronic illnesses 
through better therapies or psychosocial 
interventions.
 • Focus can be on the patient, families, or 
other caregivers.

 • These are also known as supportive care 
trials.

Treatment Test new treatments or devices, new com-
binations of drugs, or new approaches to 
surgery or radiation therapy. Treatment tri-
als, especially trials for drugs that are not yet 
approved for general use (i.e., investigational 
drugs), are categorized by phases.

Note. Based on information from National Institutes of Health, 2017; 
Ness & Royce, 2017.
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had a significant role in improvement of out-
comes for people with cancer. For example, 
results from breast cancer clinical trials have 
led to improvements in screening, surgery, 
chemotherapy, radiation therapy, and hor-
mone therapy with lengthened survival for 
people with breast cancer.

b) Ideas for clinical trials are generated from 
both the clinical and basic sciences.

(1) Many ideas come from basic science 
research, which increases our under-
standing about the biology of cancer. 
Ideas that come from basic science 
research are first investigated in the 
laboratory. Treatments with the most 
promising results are studied in clin-
ical trials.

(2) Some ideas come from the results of 
previous clinical research, where new 
questions are raised as previous ones 
are answered.

(3) Ideas for clinical trials also may come 
from patients and their healthcare pro-
viders as they try to determine how to 
manage their disease and side effects.

c) Patients choose to participate in clinical tri-
als for different reasons. These reasons will 
depend on each patient’s beliefs, culture,  
disease status, treatment options, and knowl-
edge and perception about clinical trials.

(1) Understanding individuals’ reasons 
for participating in a clinical trial will 
help oncology nurses know how to best 
support them.

(2) Common reasons for participation 
(Czaplicki, 2016)
(a) Access to treatments that patients 

may not otherwise be able to afford
(b) Hope that they will be given a bet-

ter treatment than the current 
standard

(c) The desire to contribute to 
research so that others may ben-
efit in the future

(d) Following the family’s wishes
(e) Lack of available treatment options

4. The protocol: Clinical research and clinical tri-
als are based on protocols. Protocols ensure 
that the activities outlined in the research study 
are carried out in a consistent way that could 
be repeated. The protocol is written by a team 
and includes physicians, scientists, statisticians, 
nurses, and others (e.g., pharmacists). Every 
protocol should include the same parts, but the 
order may differ. The basic elements of a pro-

tocol are listed in Figure 5-1 (Mitchell & Smith, 
2016; Ness & Royce, 2017).
a) The information included in a clinical trial 

protocol is used to write orders for study activ-
ities, such as tests or procedures and medica-
tions to be administered. It also should include 
instructions of when to contact a member of 
the research team. The protocol can also pro-
vide helpful information about the following:

(1) Potential or anticipated side effects or 
adverse events of the intervention and 
how to treat them

(2) Administration instructions
(a) Rate of infusion for study medi-

cation
(b) Pre- and postmedication or hydra-

tion needs
(c) How to treat side effects, including 

when to hold or reduce dosage of 
study medication

(3) Safety assessments, including blood 
work and physical examinations

Figure 5-1. Basic Sections of a Protocol

 • Title page—title of study, version date, local protocol number, 
name of investigator(s)

 • Table of contents
 • Abstract—summary of the study background, objectives, eligi-
bility, and design

 • Introduction—outlines the objectives and scientific support for 
the study

 • Eligibility assessment and enrollment—describes the patients 
that can be on the study

 – Inclusion criteria—criteria that a patient must meet to be eli-
gible for the clinical trial

 – Exclusion criteria—reasons that a patient may not be eligi-
ble for the clinical trial

 • Study implementation—provides information about the study 
treatment and plan

 – Study design or structure
 – Information about how the intervention will be given
 – Other information or specimens that will be collected
 – What other treatments a patient can or cannot receive while 
on the study

 – Reason the patient might be taken off the study
 – What needs to be done after the patient goes off the study

 • Supportive care—how a patient’s symptoms can be managed 
while the patient is on the study

 • Data collection, evaluation, and reporting
 – What types of information about a patient need to be col-
lected

 – How this information needs to be documented and evalu-
ated

 • Human subjects protection procedures, including consent and 
assent

 • Drug information, including known or suspected side effects

Note. Based on information from Mitchell & Smith, 2016; Ness & Royce, 
2017.
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(4) When biospecimens are to be collected
(5) Randomization procedures

5. Protecting research patients: Good clinical prac-
tice in conducting research refers to a stan-
dard that ensures ethical and scientific qual-
ity in research with human subjects (i.e., liv-
ing individuals who volunteer to participate in 
clinical research). Adherence to the principles 
of good clinical practice, including adequate 
human subject protection, is universally recog-
nized as a critical requirement to the conduct 
of research involving human subjects (Woltz & 
Moore, 2016). Human subjects are living indi-
viduals, their data, and biospecimens. For the 
purposes of this chapter, human subjects will be 
referred to as patients.
a) Regulations and guidance documents that 

affect the conduct of clinical trials are 
designed to protect patients participating in 
clinical research and ensure the accuracy of 
the data being collected. Several groups with 
regulatory authority are involved in the con-
duct of clinical trials in the United States.

(1) The Office for Human Research Pro-
tections maintains regulatory oversight 
and provides advice on ethical and 
regulatory issues in biomedical and 
behavioral research that is funded or 
supported by the U.S. Department of 
Health and Human Services.

(2) The U.S. FDA has oversight for prod-
uct development (e.g., drugs, biolog-
ics, devices) regardless of the fund-
ing source.

b) Ethical review of the protocol: All clinical 
trials must have an ethical review and be 
approved by an institutional review board 
(IRB) prior to implementation (Filchner, 
2016). If any changes happen in the protocol 
(i.e., protocol amendment), the IRB would 
also review the changes prior to implemen-
tation.

(1) The primary responsibility of the IRB 
is to protect the rights and safety of 
patients.

(2) The IRB must decide whether the antic-
ipated benefit, either of new knowledge 
or of improved health for patients on 
the clinical trial, justifies the risks that 
patients may experience.

(3) The IRB cannot approve research in 
which the risks are too high in relation 
to the anticipated benefits.

c) Informed consent: Informed consent is an 
ongoing process of communication and 

understanding between a patient and inves-
tigator. As a part of this process, the patient 
decides whether to voluntarily agree to enter 
a clinical trial. The informed consent process 
includes the sharing of information about the 
nature of the research and evaluation of the 
patient’s comprehension of that information 
and his or her voluntary decision to partici-
pate (Klimaszewski, 2016; National Commis-
sion for the Protection of Human Subjects of 
Biomedical and Behavioral Research, 1979).

(1) One tool used in the informed consent 
process is the informed consent docu-
ment. Common information included 
on all informed consent documents 
based on federal regulations are found 
in Figure 5-2 (Elements of Informed 
Consent, 2017; General Requirements 
for Informed Consent, 2009).

(2) The patient indicates initial agreement 
by signing an informed consent docu-
ment. However, this does not mean that 
the patient must continue in the clin-
ical trial if he or she decides to with-
draw for any reason.

6. Roles and responsibilities: The clinical research 
enterprise is vast and involves many individuals 
and groups (Ness & Royce, 2017; Schmotzer & 
Ness, 2016).

Figure 5-2. Common Elements of the Informed 
Consent Document

 • Statement that the clinical trial involves research, including 
the following:

 – Explanation of the purpose of the research
 – Expected length of participation
 – Description of procedures to be followed
 – Identification of any procedures that are experimental

 • Any predictable risks to patients, as well as a statement that 
the intervention or procedure may cause unforeseeable risks

 • Any benefits to patients or others
 • Any alternatives to study participation
 • How patients’ confidentiality will be maintained
 • Contact people for questions related to research and the 
research participants’ rights

 • Statement that participation is voluntary and that there will be 
no penalty if patients do not want to participate

 • Reason why investigators may stop treating patients on the 
clinical trial

 • Costs for which patients may be responsible
 • Whether patients will receive any compensation for participa-
tion in the clinical trial

 • Statement that patients will be notified of new findings that 
may affect their decision to continue participation

Note. Based on information from Elements of Informed Consent, 2017; 
General Requirements for Informed Consent, 2009.
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a) Every clinical trial team will have a principal 
investigator (i.e., individual who is respon-
sible for the overall conduct of the clinical 
trial) and research participants. The team 
may also include the following:

(1) Subinvestigator (or subinvestigators): 
Individual selected by the principal 
investigator who provides support for 
the conduct of a clinical trial

(2) Study coordinator: Individual respon-
sible for the organization of the 
day-to-day activities of a clinical trial at 
a specific site, including gathering data

(3) Clinical data manager: Individual 
responsible for organizing and collect-
ing the data required by the protocol

b) Nurses at all levels of education and practice 
play key roles in clinical research.

(1) Nurse researcher: The nurse researcher 
provides leadership in the develop-
ment, performance, and analysis of 
clinical research.

(2) Clinical trial nurse: Clinical trials 
nursing is a specialty nursing role 
that focuses on the coordination of 
clinical trials and the management of 
patients on those trials. Other titles 
for this role include clinical research 
nurse, clinical trials coordinator, and 
clinical research associate. Specific 
responsibilities and competencies 
for the oncology clinical trial nurses 
have been developed and are avail-
able online (see Oncology Nursing 
Society, 2016).

(3) Direct care nurses: The primary 
responsibility of these nurses is the 
clinical care of patients. Their respon-
sibilities with clinical trials can widely 
vary but may include patient and care-
giver education, finding information 
about clinical trials for patients, advo-
cating for ethical care, administering 
the treatments, collecting biospeci-
mens, and monitoring for side effects  
(Parreco, Ness, Galassi, & O’Mara, 
2012; see Table 5-2).

B. Drug development process
1. The drug development process is a highly regu-

lated process involving many steps to prove that 
a drug or biologic is safe and effective before it 
is marketed.

2. The two essential roles in drug development in 
the United States are the sponsor and the FDA.

a) Sponsor: The sponsor is responsible for the 
development of the product (i.e., drug or bio-
logic) and producing the evidence (i.e., safety 
and efficacy) to FDA. This includes both pre-
clinical activities and clinical activities (Gil-
logly, Perry, & Westendorp, 2016; U.S. FDA, 
2018a; see Table 5-3). Most sponsors are phar-
maceutical/biotechnology companies. Other 
sponsors may include academic medical cen-
ters or the National Cancer Institute Cancer 
Therapy Evaluation Program.

b) U.S. FDA: FDA reviews the evidence against 
the standards of excellence (i.e., good clin-
ical practice, good manufacturing practice, 
and good laboratory practice) to ensure that 
the product is safe and effective.

3. Investigational new drug (IND) applica-
tion: Before beginning the clinical trial, the 
sponsor must submit an IND application  
(IND Application, 2017). This process protects 
clinical trial patients from unreasonable and 
significant risk.
a) Information included in the IND application

(1) Animal study and toxicity data
(2) Manufacturing information
(3) Protocols for the clinical trials to be 

conducted
(4) Information about the investigator

b) FDA has 30 days to review the initial IND 
application before clinical trials may begin. 
If it finds any potential safety concerns (e.g., 
patients are exposed to unreasonable or 
significant risk; not enough information is 
provided about the trial’s risk; the princi-
pal investigator is not qualified), the spon-
sor will need to resolve the concerns to FDA’s 
satisfaction.

c) The sponsor is responsible for informing FDA 
about new protocols, amendments to existing 
protocols, and any serious side effects seen 
during the trials. This information continues 
until the sponsor files a marketing applica-
tion or decides to withdraw the IND.

d) FDA assigns an IND number, which is often 
noted in the protocol (e.g., title page, phar-
maceutical section).

4. Clinical testing: FDA will notify the sponsor that 
the IND is safe to proceed, which means that clin-
ical trials may begin. Clinical trials have three 
main phases, plus a fourth phase that takes place 
after a drug enters the market (IND Application, 
2017; Ness & Cusack, 2016; see Table 5-4). The 
sponsor is responsible for ensuring that the clin-
ical trials are monitored for patient safety and 
quality data.
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5. The FDA review process starts with the sponsor 
submitting a new drug application (NDA) to mar-
ket the drug (U.S. FDA, 2018a; see Table 5-4).
a) The NDA should provide the evidence of the 

drug’s safety and effectiveness, the appropri-
ateness of the proposed labeling, and the con-
sistent manufacturing of the drug.

b) FDA’s Center for Drug Evaluation and 
Research will then review the application 
against its standards of excellence.

c) FDA’s approval grants a license for interstate 
commerce.

(1) A drug is not licensed without a use.
(2) Each drug is approved for a specific use, 

which is termed an indication.
(3) A drug may have more than one indi-

cation.
d) The license and description of the safe and 

effective use of the product is stated in the 
approved package insert (product label).

Table 5-2. Direct Care Nurse Responsibilities When Caring for a Clinical Trial Patient

Research Activity Responsibilities

Identifying which patients 
are on a clinical trial

Know how the organization identifies a patient on a clinical trial.

Maintaining the informed 
consent (IC) process

Locate the signed IC document. Ideally it should be in the patient’s medical record, but the location 
depends on the organization’s policy.

Read the IC document to learn more about the clinical trial.
Support the patient’s decision to participate in the clinical trial. Encourage the patient to have others 

(e.g., family, referring physician) included in discussions about participation in a clinical trial. Encour-
age patient to read the IC document and other materials about the clinical trial and to ask questions.

Assess the patient’s comprehension of the study and his or her responsibilities by using open-ended 
questions.

If asked to serve as a witness, know the organization’s definition of witness (e.g., witness to the patient’s 
signature or to the actual IC discussion).

If unable to answer the patient’s questions, contact the principal investigator or other designated mem-
ber of the research team. 

Administering the study 
drug or intervention

Obtain a copy of the study protocol. Information about the study intervention is in either the study design 
or pharmaceutical section of the protocol. The medical orders should be consistent with the protocol.

Determine if other medications or interventions are needed (e.g., specific hydration before or after che-
motherapy administration).

Understand the appropriate handling of the drug, including how soon an IV drug needs to be infused 
after it is mixed.

For study medications that the patient will self-administer, reinforce the proper usage, storage, and dis-
posal of the drug and what to do for a missed dose. 

Monitoring safety and 
response to intervention

The types of laboratory and/or imaging studies that will be used to monitor response to the study inter-
vention should be listed in the protocol’s study calendar.

Assist in the identification of adverse events (AEs). An AE is similar to a side effect or toxicity except 
with these terms, a relationship to the intervention is implied. In research, the cause of the AE will be 
determined by the principal investigator and may or may not be related to the study intervention. Avoid 
asking questions about specific AEs that may be anticipated; these are found in the protocol and the 
IC document. Instead, ask the patient open-ended questions to help in the identification of AEs.

Know when an AE should be reported to the research team and how to contact them.

Performing documentation 
and data collection

Document all prescription and over-the-counter medications, including complementary and alternative 
medications. Document the dose, how long the patient has been taking the medication, and the indi-
cation for its use.

Document study-specific interventions. For IV study drugs, include the start and stop time.
Document the AE details:
 • When the AE started
 • Description of the AE, which will be used by the research team to indicate its severity
 • Treatment for the AE
 • When the AE ended, if known

For studies that require biospecimen collection, document the type of sample collected (e.g., blood, 
saliva), the time the sample was collected, how the sample is to be stored (e.g., room temperature, on 
ice), and whom to contact to pick up the specimen (e.g., research nurse, research assistant). 

Note. Based on information from Parreco et al., 2012.
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e) When a drug is not used per the prescribing 
information or indication, this is referred to 
as off-label use.

6. Postapproval: Information about a drug’s safety 
continues to evolve even after FDA approval. 
Sponsors also may continue the development of 
the drug for other indications (U.S. FDA, 2018a).
a) FDA reviews reports of problems with all 

drugs and can decide if cautions need to be 
added to prescribing information.

b) After the initial approval to market a drug, a 
sponsor may want to add other indications, 
change the formulation (e.g., IV to oral) or the 
dosage strengths, or other labeling changes. 
This requires a submission of a supplement 
application to the FDA for approval.

7. Generic drugs: Once a new drug is approved, 
the sponsor (i.e., the company manufacturing 
the drug) has exclusive rights to market the 

drug for a period. Once the patent and exclu-
sive marketing rights have expired, other drug 
manufacturers may develop the drug (U.S. 
FDA, 2018a).
a) Generic drugs must have the same dosage, 

safety, strength, quality, mechanism of action, 
and prescribing information as the brand 
name drug.

b) Bioequivalence studies: Generic drug man-
ufacturers conduct bioequivalence studies 
and file an abbreviated NDA. Bioequivalence 
studies include pharmacokinetic, pharmaco-
dynamic, clinical, and in vitro studies.

8. Biologic development: Unlike drugs that are 
made of pure chemical substances, biologic prod-
ucts (e.g., monoclonal antibodies, vaccines, gene 
therapy) are made from living organisms and 
are larger molecules or a mixture of molecules 
(Buske, Ogura, Kwon, & Yoon, 2017).

Table 5-3. Drug Development Process

Drug Development 
Stage Description

Discovery and preclini-
cal testing

Begins in the laboratory to find a chemical compound
Completion of laboratory and animal testing to answer essential questions
 • Drug absorption, distribution, metabolism, and excretion
 • Potential benefits and mechanisms of action
 • Determination of the best dosage for a clinical trial
 • Side effects or adverse events (i.e., toxicity)

Manufacturing of the drug
 • Preliminary stability of the drug
 • Finding the optimal drug formulation (e.g., oral or IV, additive needed) 

Clinical testing Begins with the submission of the investigational new drug application (NDA)
Designing and conducting clinical trials to answer specific research questions
Selection of investigators and research sites
Monitoring the clinical trials for patient protection and quality data
Sharing safety information with investigators
Ensuring accountability for all investigational drug supplies

U.S. Food and Drug 
Administration (FDA) 
review for approval

Begins with sponsor submission of the NDA to FDA
Full review by each NDA reviewer of his or her section of the application (e.g., medical officer and statisti-

cian review the clinical data)
 • Routine inspections of clinical study sites to verify accuracy of the clinical data submitted by the sponsor 
in the NDA and that no data have been withheld

 • Facilities where the drug will be manufactured
Review of the drug’s labeling (also known as the package insert) to ensure appropriate information is com-

municated to healthcare professionals and patients and assist sponsor in refining the prescribing infor-
mation

Granting of FDA approval
Regulatory mechanisms to speed up the review and approval process for drugs that treat serious diseases
 • Priority review: FDA’s goal is to act on the NDA within 6 months.
 • Breakthrough therapy: Process designed to expedite the development and review of drugs that may 
demonstrate substantial improvement over available therapy

 • Accelerated approval: Allows surrogate endpoints (e.g., a laboratory measurement, radiographic image, 
physical sign) to be used for drug approval to fill an unmet need

 • Fast track: Facilitates the development and expedited review of drugs 

Note. Based on information from Gillogly et al., 2016; U.S. Food and Drug Administration, 2018a, 2018b.
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a) Biologics go through a similar discovery pro-
cess, laboratory and clinical testing, IND 
application, and FDA review as drugs. How-
ever, the application for approval is referred 
to as the biologics license application and is 
reviewed by FDA’s Center for Biologics Eval-
uation and Research.

b) Biosimilars: Biosimilars may be thought of as 
generic biologic products although they are 
different than nonbiologic drugs.

(1) Due to the variability of the molecules, 
it is not possible to develop biosimilars 
that have the same chemical structure 
as drugs.

(2) The FDA-approved biologic product 
is known as the biologic reference prod-
uct. For FDA to approve a biosimilar 
biologic product, the product must 
be functionally similar to the refer-
ence product.

(3) Biosimilars can be approved for fewer 
indications and conditions than the 

approved biologic reference product. 
Therefore, nurses and other healthcare 
providers should read the product label-
ing for uses and routes of administration 
(Buske et al., 2017; U.S. FDA, 2017a).
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CHAPTER 6

Chemotherapy

A. Chemotherapy in the treatment of cancer
1. Chemotherapy is the use of chemical agents to

treat cancer. The use of chemotherapy dates
back to the 1940s when nitrogen mustard was
introduced as the first alkylating chemotherapy
agent to have activity against cancer. To under-
stand how chemotherapy works, it is important
to review the principles of chemotherapy, includ-
ing the kinetics of cellular growth. For a general 
overview of cancer treatment strategies, tumor
response definitions, drug resistance, and dos-
ing strategies, see Chapter 4.

2. Cellular kinetics: Three types of cells exist simul-
taneously.
a) Nondividing and terminally differentiated
b) Continually proliferating
c) Resting cells that can be recruited into the

cell cycle at any time (e.g., stem cells)
3. Tumor kinetics (Takimoto & Calvo, 2007)

a) The rate of growth of a tumor is dependent
on the following:

(1) Growth fraction—the proportion of
actively dividing cells

(2) Doubling time—the length of the cell
cycle

(3) Rate of cell loss/death
b) Tumor doubling time varies with tumor size.

(1) Larger tumors tend to grow slower
because of limited blood and oxygen
supply.

(2) Smaller tumors tend to be more respon-
sive to cytotoxic therapy.

c) The cell life cycle is a five-stage reproductive
process occurring in both normal and malig-
nant cells (see Figure 6-1).

(1) The most important regulatory com-
ponents of the cell cycle are cyclins
and cyclin-dependent kinase (CDK)
enzymes. Cyclins, a family of pro-
teins, activate CDK enzymes and form
a complex that promotes cell cycle
progression. CDK inhibitors prevent
cells from progressing through the

cell cycle (Hydbring, Malumbres, 
& Sicinski, 2016; Malumbres, 2014; 
Olsen, 2017).

(2) Chemotherapy agents target different
phases of the cell cycle and halt growth 
and division of cells, leading to cell
death. Chemotherapy is administered
using a variety of schedules and doses
designed to achieve therapeutic goals
and based on the principles of cellu-
lar kinetics.

4. Phases of the cell cycle
a) Gap 0 (G0)

(1) Resting or dormant phase
(2) Cells are temporarily out of the cycle

and not actively proliferating; however, 
all other cellular activities occur.

(3) Cells continue in G0 until a stimulus
causes them to reenter the cell cycle.

(4) Because they are not actively proliferat-
ing, cells in this phase have some pro-
tection from exposure to cell cycle–
specific chemotherapy agents.

Figure 6-1. The Cell Cycle

Note. Image courtesy of University of Texas MD Anderson Cancer Cen-
ter. Used with permission.
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b) Gap 1 (G1)
(1) Postmitotic phase
(2) Cells begin the first phase of repro-

duction and growth by synthesizing 
the proteins and RNA necessary for 
cell division.

c) Synthesis (S): DNA is replicated.
d) Gap 2 (G2)

(1) Premitotic (or postsynthetic) phase
(2) The second phase of protein and RNA 

synthesis occurs.
(3) Preparation for mitotic spindle forma-

tion occurs.
(4) The cell is now prepared for division.

e) Mitosis (M)
(1) Cell division occurs.
(2) Shortest phase of the cell life cycle
(3) Mitosis results in formation of two 

daughter cells with exact copies of the 
parent cell’s DNA. Cells either reenter 
the cell cycle to reproduce or perform 
the specific functions of the tissue for 
which they are programmed.

5. Cyclin–CDK complexes (Hydbring et al., 2016; 
Malumbres, 2014)
a) Cyclins are cell cycle kinase regulators (e.g., 

cyclin D).
b) CDKs are cell cycle kinase inhibitors (e.g., 

CDK4).
c) Cyclins and CDKs unite and create com-

plexes that propel the cell through each 
phase of the cell cycle (e.g., cyclin D–CDK4, 
cyclin D–CDK6, cyclin E–CDK2 drive G1).

d) CDK mutations have been linked to tumor 
formation (e.g., CDK6 is overexpressed in 
many hematologic malignancies, glioblas-
toma, and lung cancer).

e) Anti-CDK/cyclin inhibitors are being devel-
oped and tested in clinical trials as a method 
to inhibit tumor growth.

B. Classification of chemotherapy agents
1. Drugs are classified according to their phar-

macologic action or effect on cell reproduction 
(see Table 6-1).

2. Cell cycle–specific drugs exert effect within 
a specific phase of the cell cycle (Tortorice, 
2018).
a) These drugs have the greatest tumor cell kill 

when given in divided but frequent doses or 
as a continuous infusion with a short cycle 
time. This allows the maximum number of 
cells to be exposed to the drug at the specific 
time in their life cycle when they are vulner-
able to the drug.

b) Classifications include antimetabolites, plant 
alkaloids (camptothecins, epipodophyllo-
toxins, taxanes, and vinca alkaloids), and  
miscellaneous agents.

3. Cell cycle–nonspecific drugs exert effect in all 
phases of the cell cycle, including the G0 (rest-
ing) phase (Tortorice, 2018).
a) Cell cycle–nonspecific drugs may be effective in 

treating tumors with more slowly dividing cells.
b) If the cancer is sensitive to the agent used, the 

drug is incorporated into the cell. The cell 
kill may not be instantaneous but may occur 
when the cell attempts to divide.

(1) Destruction of tumor cells is directly 
proportional to the amount of drug 
administered.

(2) These drugs are given intermittently, 
allowing the individual to recover from 
dose-limiting toxicities before the drug 
is given again.

(3) The most frequent dose-limiting toxic-
ity is bone marrow suppression.

(4) In general, the greater the dose of the 
drug, the greater the cell kill.

c) Classifications include alkylating agents, anti-
tumor antibiotics, hormone therapies, and 
nitrosoureas.

C. Chemotherapy classifications (Sparreboom & Baker, 
2015)
1. Alkylating agents

a) First anticancer agents developed
b) Cell cycle nonspecific
c) Cause breakage in DNA helix strand, thereby 

interfering with DNA replication and result-
ing in cell death

d) Dose-limiting toxicities include bone mar-
row suppression, gastrointestinal toxicities, 
and organ-specific toxicities (e.g., renal and 
hepatic, dependent on drug and dose; see 
Figure 6-2).

e) Other effects include carcinogenic and muta-
genic effects and impaired fertility.

f) Examples: bendamustine, busulfan, cyclo-
phosphamide, cisplatin

2. Antimetabolites
a) Block DNA and RNA growth by interfering 

with enzymes (e.g., antifolates, a type of anti-
metabolite, interfere with the use of folic 
acid, which is necessary for normal cellular 
metabolism)

b) Often divided into the following categories: 
folate analogs, purine analogs, adenosine 
analogs, pyrimidine analogs, and substituted 
ureas (Takimoto & Calvo, 2007)
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Table 6-1. Chemotherapy Agents

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Alkylating agents Break DNA helix 
strand, thereby 
interfering with 
DNA replication

Altretamine
(Hexalen®)

PO Ovarian cancer Dose-limiting toxicities: Neuro-
toxicity, peripheral neuropa-
thy, myelosuppression

Nausea, vomiting, skin rash, 
hypersensitivity reaction, 
diarrhea

Do not open capsules.
Monitor for progressive neurologic toxicity.
Instruct patients to take after meals and at bedtime.
Monoamine oxidase inhibitor antidepressants 

should be avoided because severe orthostatic 
hypotension may occur.

(Eisai Inc., 2009)

Bendamustine
(Treanda®, 
Bendeka®)

IV CLL
Indolent NHL

Dose-limiting toxicity: Myelo-
suppression

Pyrexia, nausea, vomiting, skin 
reactions, TLS, hepatotoxic-
ity, irritation to vein

Infuse Treanda over 30–60 minutes.
Bendeka may be infused in 10 minutes.
Dilute Treanda in 500 ml NS to minimize vein irri-

tation when giving peripherally.
Bendamustine may inflame and irritate peripheral 

veins and can cause skin and tissue damage 
(irritant and vesicant properties).

Monitor closely for infusion reactions (especially 
in second or subsequent cycles).

Dose reduction or discontinuation may be neces-
sary for hematologic toxicities.

Take precautions for TLS in high-risk patients.
Concomitant use of allopurinol may increase risk 

of severe skin toxicity.
Undiluted Treanda is not compatible with polycar-

bonate or acrylonitrile-butadiene-styrene.
(Cephalon, Inc., 2016; Teva Pharmaceuticals 

USA, Inc., 2017a)

Busulfan
(IV: Busul-
fex®; oral: Myl-
eran®)

IV, PO CML
Hematopoietic 

stem cell trans-
plant prepa-
ration

Dose-limiting toxicities: Myelo-
suppression, pulmonary 
fibrosis

Profound tachycardia, hyper-
tension, chest pain, hyperpig-
mentation, alopecia, sperm 
or ovarian suppression, con-
fusion, seizures, mucosi-
tis, nausea, vomiting, insom-
nia, hyperglycemia, blurred 
vision, second malignancy; 
increased risk of hepatic 
sinusoidal obstruction syn-
drome (previously known as 
veno-occlusive disease) at 
AUC > 1,500 mcm × min

Monitor blood counts closely. Withhold oral doses 
for leukocyte count < 15,000/mm3.

Administer seizure prophylaxis.
IV form should be administered through a central 

line and has been associated with inflammation 
and pain during infusion.

Busulfan is not compatible with polycarbonate.
(Aspen Global Inc., 2012a; Otsuka America 

Pharmaceutical Inc., 2017)

 

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Alkylating agents 
(cont.)

Carboplatin IV Ovarian cancer Dose-limiting toxicity: Throm-
bocytopenia

Neutropenia (myelosuppres-
sion is more pronounced 
with renal impairment), nau-
sea, vomiting, hypersensi-
tivity reaction, mild alopecia, 
skin rash

Drug is an irritant.
Carboplatin exhibits less renal toxicity than cis-

platin.
Monitor blood counts closely and reduce the 

dose per protocol. Drug is most toxic to platelet 
precursors. Monitor for signs of bleeding.

Check creatinine level prior to each dose (for 
AUC dosing).

Have emergency medications available for hyper-
sensitivity reaction, which may occur during any 
dose of therapy or be delayed. Most patients 
can be successfully desensitized via a multi-
step titration.

(Teva Parenteral Medicines, Inc., 2016; Winkel-
john & Polovich, 2006)

Chlorambucil
(Leukeran®)

PO CLL
HL
NHL

Dose-limiting toxicities: Myelo-
suppression, skin reactions

Ovarian or sperm suppression, 
nausea, vomiting, secondary 
malignancy, hyperuricemia, 
pulmonary fibrosis, seizure 
(increased risk in children 
with nephrotic syndrome)

Take on an empty stomach.
Use with caution in patients with seizure his-

tory and within 1 month of radiation or cytotoxic 
therapy.

(Aspen Global Inc., 2016)

Cisplatin IV Ovarian cancer
Testicular cancer
Bladder cancer

Dose-limiting toxicities: Severe 
nephrotoxicity, myelosup-
pression

Severe acute and delayed nau-
sea, vomiting, ototoxicity (tin-
nitus and high-frequency 
hearing loss are most com-
mon), hyperuricemia, hyper-
sensitivity reaction, hypo-
magnesemia and other elec-
trolyte abnormalities, periph-
eral neuropathy

Mannitol (to maximize urine flow) and rigorous 
hydration (prehydration and post-hydration with 
NS) may reduce nephrotoxicity.

Monitor serum creatinine prior to each dose. 
Renal function must return to normal before 
subsequent doses are administered; renal tox-
icity becomes more prolonged and severe with 
repeated courses.

Potential exists for delayed nausea and vomiting 
up to 6 days after administration.

Consider obtaining a baseline audiogram.
Monitor electrolytes and replace as needed.
(Teva Parenteral Medicines, Inc., 2015a)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Alkylating agents 
(cont.)

Cyclophos-
phamide

IV, PO Breast cancer
Ovarian cancer
Multiple 

myeloma
Leukemias
Lymphomas
Neuroblastoma
Retinoblastoma
Mycosis fungoi-

des

Dose-limiting toxicities: Hem-
orrhagic cystitis, myelosup-
pression

Vomiting, nausea, alopecia, 
may cause a temporary max-
illary burning if administered 
too quickly, secondary malig-
nancy, testicular or ovarian 
failure

High-dose: Acute cardiomy-
opathy 

SIADH

Aggressive hydration and frequent bladder emp-
tying can help reduce frequency and sever-
ity of bladder toxicity and hemorrhagic cystitis. 
Mesna may be considered in conjunction with 
hydration for prevention of hemorrhagic cystitis.

Previous or concurrent radiation may increase 
toxicities.

Withhold doses for ANC ≤ 1,500/mm3 and plate-
lets < 50,000/mm3.

(Baxter Healthcare Corp., 2017; West-Ward 
Pharmaceuticals Corp., 2016)

Dacarbazine IV Metastatic malig-
nant melanoma

HL

Dose-limiting toxicities: Severe 
neutropenia and thrombo-
cytopenia (with nadir at 2–3 
weeks or later)

Severe nausea and vomiting 
for up to 12 hours, anorexia, 
alopecia, rash, flu-like syn-
drome (fever, malaise, myal-
gias), hypotension, hypersen-
sitivity reaction (uncommon), 
photosensitivity

Dacarbazine is an irritant.
Protect solution from light.
Flu-like syndrome may occur up to 7 days after 

drug administration; treat symptoms.
(Teva Parenteral Medicines, Inc., 2015b)

Ifosfamide
(Ifex®)

IV Testicular cancer Dose-limiting toxicities: Hem-
orrhagic cystitis, myelosup-
pression

Nausea, alopecia, vomiting, 
neurotoxicity (somnolence, 
confusion, hallucinations, 
depressive psychoses, and 
encephalopathy), urotoxic-
ity, cardiotoxicity, pulmonary 
toxicity

Methylene blue has been used 
to treat ifosfamide-induced 
encephalopathy; reports have 
shown that the encepha-
lopathy may spontaneously 
resolve.

Administer over at least 30 minutes.
Patient should receive extensive hydration of at 

least 2 L IV or oral fluid per day.
Hemorrhagic cystitis can be severe and can be 

reduced by the prophylactic use of mesna.
(Baxter Healthcare Corp., 2014; Patel, 2006)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Alkylating agents 
(cont.)

Mechloretha-
mine
(nitrogen mus-
tard, Mus-
targen®, Val-
chlor®)

IV, topical, 
intracavitary 

HL
NHL
CLL
CML
Polycythemia 

vera
Mycosis fungoi-

des
Bronchogenic 

carcinoma

Severe nausea, vomiting, alo-
pecia, myelosuppression, 
hyperuricemia, pain or phle-
bitis at IV site, chills, fever, 
testicular or ovarian failure

Topical: Dermatitis, pruritus, 
skin infection, ulceration, 
hyperpigmentation

Drug is a vesicant and irritant.
Administer through the side arm of a free-flowing 

IV. Flush with 125–150 ml NS following infusion 
to minimize phlebitis.

If extravasation occurs, antidote is sodium thio-
sulfate.

Use mechlorethamine as soon after preparation as 
possible (15–30 minutes); it is extremely unstable.

(Actelion Pharmaceuticals US, Inc., 2016; Recor-
dati Rare Diseases Inc., 2013b)

Melphalan
(Alkeran®, 
Evomela®)

IV, PO Multiple 
myeloma

Ovarian cancer

Dose-limiting toxicity: Myelo-
suppression

Nausea, vomiting, mucositis, 
hypersensitivity reactions

Instruct patients to take on an empty stomach. 
Application of ice chips to oral cavity is recom-
mended during high-dose melphalan administra-
tion to prevent oral mucositis (Lilleby et al., 2006).

Melphalan has been described as an irritant and 
a vesicant. Administer over 15–20 minutes into 
a fast-running IV solution into an injection port 
on the IV tubing; do not administer by direct 
injection into a peripheral vein.

Alkeran must be administered within 1 hour of 
reconstitution. Evomela is stable for 4 hours at 
room temperature.

Dose reduce in renal insufficiency (blood urea 
nitrogen ≥ 30 mg/dl).

(ApoPharma USA, Inc., 2016; GlaxoSmithKline, 
2012; Lilleby et al., 2006; Spectrum Pharma-
ceuticals, Inc., 2017)

Oxaliplatin
(Eloxatin®)

IV Colorectal can-
cer

Dose-limiting toxicities: Periph-
eral neuropathy, myelosup-
pression (not usually severe 
with single-agent oxaliplatin)

Acute, reversible, primary 
peripheral sensory neuropa-
thy that presents within 1–48 
hours, resolves within 14 
days, and manifests as pares-
thesia, dysesthesia, or hypes-
thesia in hands, feet, oral cav-
ity, and throat; can be aggra-
vated by cold temperatures

Oxaliplatin is not compatible with sodium chloride 
or other chloride-containing solutions. Flush 
with D5W following infusion.

Persistent (> 14 days) peripheral sensory neu-
ropathy characterized by paresthesias, dyses-
thesias, and hypesthesias may occur that can 
interfere with daily activities (writing, buttoning, 
difficulty walking).

Oxaliplatin has been described as an irritant and 
a vesicant.

Monitor for acute, reversible effects and persis-
tent neurotoxicity.

Avoid ice to oral cavity during oxaliplatin infusion.

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Alkylating agents 
(cont.)

Oxaliplatin
(Eloxatin®) 
(cont.)

Anaphylactic reaction, nausea, 
vomiting, diarrhea, pulmo-
nary fibrosis, fatigue, fever, 
increased transaminases and 
alkaline phosphatase

For 3–4 days after therapy, patients should avoid 
consuming cold drinks and foods and breathing 
cold air (cover mouth with scarf).

Dose reduce in patients with severe renal impair-
ment (CrCl < 30 ml/min).

(Sanofi-Aventis U.S. LLC, 2011)

Temozolomide
(Temodar®)

IV, PO Refractory ana-
plastic astrocy-
toma

Newly diagnosed 
glioblastoma 
multiforme

Dose-limiting toxicity: Myelo-
suppression

Nausea, vomiting, headache, 
fatigue, hepatic toxicity, con-
stipation, rash, alopecia

IV: Administer over 90 minutes.
PO: Do not open capsules.
Instruct patients to take on an empty stomach to 

decrease risk of nausea and vomiting.
Do not administer temozolomide if patients have 

had an allergic reaction to dacarbazine.
Temozolomide is only compatible with 0.9% 

sodium chloride.
Administer Pneumocystis jiroveci pneumonia pro-

phylaxis with trimethoprim-sulfamethoxazole in 
patients receiving temozolomide with radiation 
therapy for 42-day regimen. Consider bedtime 
administration for oral dosing to decrease nau-
sea and vomiting.

(Merck and Co., Inc., 2017)

Thiotepa IV, IT,  
intravesical, 
intracavitary, 
PO

Bladder cancer
Breast cancer
Ovarian cancer
HL
NHL

Dose-limiting toxicity: Myelo-
suppression

Fatigue, weakness, fever, 
hypersensitivity reaction, 
ovarian or sperm suppres-
sion, nausea, vomiting, pain 
at infusion site, rash, alo-
pecia, skin burn, mucositis, 
hemorrhagic cystitis

Use with caution in patients with severe renal or 
hepatic dysfunction.

Withhold dose for WBCs < 3,000/mm3 or platelets 
< 150,000/mm3.

Thiotepa used in the transplant setting can 
cause severe skin irritation. Frequent shower-
ing immediately following and during the first 
48 hours after administration helps remove the 
chemical from the skin. Additionally, avoid tapes 
and skin adherents during treatment and for 48 
hours following administration.

Filter through a 0.22 micron filter prior to admin-
istration.

(West-Ward Pharmaceuticals Corp., 2015b)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Alkylating agents 
(cont.)

Trabectedin
(Yondelis®)

IV Liposarcoma
Leiomyosarcoma

Dose-limiting toxicities: Myelo-
suppression (neutropenic 
sepsis), hepatotoxicity, car-
diomyopathy

Rhabdomyolysis, capillary leak 
syndrome, nausea, fatigue, 
vomiting, constipation, 
decreased appetite, diarrhea, 
peripheral edema, dyspnea, 
headache

Drug is administered as a 24-hour continuous 
infusion and must be given through a central 
line with a 0.2 micron filter.

Trabectedin is a vesicant; extravasation can 
result in severe tissue injury.

Premedicate with 20 mg IV dexamethasone 30 
minutes prior to infusion.

Dose reduce in patients with hepatic impairment.
Trabectedin is metabolized through the CYP3A 

pathway; use caution when administering con-
currently with CYP3A inducers or inhibitors.

(Janssen Products, LP, 2015)

Antimetabolites Azacitidine is 
believed to cause 
hypomethylation 
of DNA and direct 
cytotoxicity on 
abnormal hema-
topoietic cells in 
the bone marrow. 
Abnormal cells, 
including can-
cer cells, no lon-
ger respond to nor-
mal growth control 
mechanisms. 

Azacitidine
(Vidaza®)

IV, SC Specific sub-
types of MDS

Dose-limiting toxicities: Myelo-
suppression, elevated SCr, 
renal failure, hepatic toxicity

TLS, nausea, vomiting, diar-
rhea, fatigue, fever, erythema 
at injection site, constipation

IV only: Petechiae, rigors, 
weakness, hypokalemia

SC: Resuspend suspension immediately prior to 
administration by rolling syringe between palms 
(solution should be uniformly cloudy). Stable at 
room temperature for 1 hour and under refrig-
eration for 8 hours (when reconstituted using 
room-temperature water).

Divide doses > 4 ml into two syringes and inject 
into two separate sites. Administer new injec-
tions at least 1 in. from old site.

To minimize skin irritation, ensure that the nee-
dle is empty of drug and do not expel air into 
needle before giving the injection. Do not use 
ice on injection site, as it may decrease drug 
absorption.

IV: Mix in 50–100 ml NS or lactated Ring-
er’s solution only. Infuse over 10–40 minutes. 
Administration should be completed within 1 
hour of reconstitution.

Monitor CBC and liver and renal function during 
therapy.

Drug is contraindicated in patients with hypersen-
sitivity to azacitidine or mannitol and those with 
advanced malignant hepatic tumors.

(Celgene Corp., 2016c)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Antimetabolites 
(cont.)

Most other anti-
metabolites inter-
fere with one or 
more enzymes 
or their reactions 
that are neces-
sary for DNA syn-
thesis. They affect 
DNA synthesis by 
acting as a substi-
tute to the metabo-
lites that would be 
used in the normal 
metabolism (e.g., 
antifolates interfere 
with the use of folic 
acid).

Capecitabine
(Xeloda®)

PO Colon cancer
Metastatic 

colorectal can-
cer

Metastatic breast 
cancer

Dose-limiting toxicities: Diar-
rhea, palmar-plantar erythro-
dysesthesia (hand-foot syn-
drome)

Mucositis, nausea, vomiting, 
myelosuppression, increased 
bilirubin, fatigue

Patient education regarding importance of report-
ing toxicity and dose reduction is critical.

Drug is contraindicated in patients with known 
hypersensitivity to 5-FU.

Monitor PT/INR closely, as capecitabine 
increases effect of warfarin.

Administer with food and water.
Dose reduce if CrCl < 50 ml/min.
Uridine triacetate (Vistogard®) is FDA approved 

for the emergency treatment of 5-FU or 
capecitabine overdose regardless of the pres-
ence of symptoms or in patients who exhibit 
early-onset (within 96 hours of administration) 
severe or life-threatening cardiac or CNS toxic-
ity and/or early-onset (within 96 hours of admin-
istration) unusually severe adverse reactions 
(GI toxicities and/or neutropenia). Uridine triac-
etate is a prodrug of uridine, which competes 
with 5-fluorouridine triphosphate, a toxic metab-
olite of 5-FU, for incorporation into RNA during 
RNA sequencing.

(Genentech, Inc., 2016; Wellstat Therapeutics 
Corp., 2017)

Cladribine IV Hairy cell leuke-
mia

Dose-limiting toxicities: Myelo-
suppression, neurotoxicity

Fever, nausea, vomiting, hyper-
sensitivity reaction, TLS, 
nephrotoxicity (high-dose 
therapy)

Use with caution in patients with liver and renal 
dysfunction.

(Fresenius Kabi USA, LLC, 2016b)

Clofarabine
(Clolar®)

IV Relapsed or 
refractory ALL 
in patients 
aged 1–21

Dose-limiting toxicities: Bone 
marrow suppression (includ-
ing anemia, leukopenia, 
thrombocytopenia, neutrope-
nia, and febrile neutropenia), 
infection, hepatobiliary toxic-
ity, renal toxicity

Nausea, vomiting, diarrhea, 
rare cases of systemic 
inflammatory response syn-
drome/capillary leak syn-
drome and cardiotoxicity

Continuous IV fluid administration and alkaliza-
tion of urine during the 5 days of chemotherapy 
administration is encouraged to reduce risk of 
TLS and other adverse effects.

Discontinue if hypotension develops during the 5 
days of administration.

Use prophylactic steroids to help prevent sys-
temic inflammatory response syndrome and 
capillary leak syndrome.

Give allopurinol if hyperuricemia is expected.
Monitor respiratory status and blood pressure 

during infusion.

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Antimetabolites  
(cont.)

Clofarabine
(Clolar®) 
(cont.)

 including tachycardia, peri-
cardial effusion, and left ven-
tricular systolic dysfunction; 
TLS, headache, pruritus, 
rash, palmar-plantar erythro-
dysesthesia

Monitor renal and hepatic function during the days 
of administration.

Dose reduce in patients with renal impairment  
(< 60 ml/min).

Monitor hematologic status closely following treat-
ment.

(Genzyme Corp., 2013)

Cytarabine IT, IV, SC ALL
AML
CML
CNS leukemia

Dose-limiting toxicity: Myelo-
suppression

Nausea, vomiting, anorexia, 
fever, mucositis, diarrhea, 
hepatic dysfunction, rash, 
pruritus, localized pain and 
thrombophlebitis at IV site

High-dose (1–3 g/m2): Cere-
bellar toxicity, keratitis (treat 
with dexamethasone ophthal-
mic drops), dermatologic tox-
icities

Determine if ordered dose is standard dose or 
high dose; administer according to institutional 
guidelines.

Toxicities vary depending on rate of high-dose 
cytarabine administration. Continuous-infusion 
cytarabine is associated with pulmonary toxic-
ity (fluid overload), and bolus administration is 
associated with cerebellar toxicities. Specific 
nursing interventions are warranted for each. 
See Chapters 17 and 24 for information on pul-
monary toxicities and neurotoxicity.

For IT administration: Use preservative-free saline.
(Mylan Institutional, LLC, 2014a)

Cytarabine 
liposomal
(DepoCyt®)

IT only Lymphomatous 
meningitis

Neurotoxicity, mucositis, chem-
ical arachnoiditis (nausea, 
vomiting, headache, fever), 
seizure, nausea, vomiting, 
constipation, weakness

Do not use in pediatric patients.
Administer IT only.
Patients should lie flat for 1 hour after lumbar puncture.
Monitor closely for immediate toxic reactions.
Administer dexamethasone 4 mg BID (PO or IV) 

for 5 days (start day of cytarabine administration) 
to decrease symptoms of chemical arachnoiditis.

(Sigma-Tau Pharmaceuticals, Inc., 2017)

Decitabine is 
believed to cause 
hypomethylation of 
DNA and direct cyto-
toxicity on abnor-
mal hematopoietic 
cells in the bone 
marrow. Abnormal 
cells, including can-
cer cells, no lon-
ger respond to nor-
mal growth control 
mechanisms.

Decitabine
(Dacogen®)

IV MDS Myelosuppression, fever, 
fatigue, nausea, cough, diar-
rhea, hyperglycemia, pete-
chiae, peripheral edema

Prepare using cold infusion fluids and store refrig-
erated; it is stable for 4 hours. Must be used 
within 15 minutes if prepared in room- 
temperature fluids.

(Eisai Inc., 2014)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Antimetabolites  
(cont.)

Floxuridine Intra-arterial GI adenocar-
cinoma with 
metastasis to 
liver 

Myelosuppression, nausea, 
vomiting, diarrhea, stomati-
tis, mucositis, localized ery-
thema, alopecia, photosensi-
tivity, darkening of the veins, 
abdominal pain, gastritis, 
enteritis, hepatotoxicity

Do not use in pediatric patients.
Floxuridine has been described as an irritant.
(Fresenius Kabi USA, LLC, 2016c)

Fludarabine IV, PO CLL Dose-limiting toxicity: Myelo-
suppression

TLS, nausea, vomiting, diar-
rhea, rash, neurotoxicity, 
interstitial pneumonitis, weak-
ness, hemolytic anemia, 
cough, infection

Administer as a 30-minute infusion.
Monitor PFTs.
Allopurinol and IV hydration are recommended 

for newly diagnosed patients with CLL or 
patients with high tumor burden to prevent TLS.

Do not use in combination with pentostatin, 
because it may cause severe pulmonary tox-
icity.

Use with caution in patients with renal impair-
ment.

Tablets may be taken with or without food and 
must not be chewed.

Do not break or crush tablets.
(Teva Parenteral Medicines, Inc., 2017b)

Drug is a combina-
tion of a thymidine-
based nucleoside 
analog and a thy-
midine phosphor-
ylase inhibitor. It 
incorporates into 
DNA, interferes 
with DNA synthe-
sis, and inhibits cell 
proliferation.

Trifluridine 
and tipiracil 
(Lonsurf®)

PO Previously 
treated meta-
static colorectal 
cancer

Anemia, neutropenia, fatigue, 
nausea, vomiting, diarrhea, 
abdominal pain, pyrexia, 
embryo-fetal toxicity

Administer 35 mg/m2 PO twice daily on days 1–5 
and days 8–12 of each 28-day cycle.

Take within 1 hour after meals 12 hours apart. 
Round dose to nearest 5 mg increment.
Do not administer if ANC < 500/mm3 or platelets

< 50,000/mm3.
(Taiho Oncology, Inc., 2017)

(Continued on next page)
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Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Antimetabolites  
(cont.)

Nucleoside meta-
bolic inhibitor that 
interferes with the 
synthesis of DNA 
and to a lesser 
extent inhibits the 
formation of RNA

5-FU 
(Adrucil®)

IV, topical Colorectal can-
cer

Breast cancer
Pancreatic can-

cer
Gastric cancer
Pancreatic can-

cer

Dose-limiting toxicities: Muco-
sitis, myelosuppression

Nausea, anorexia, vomit-
ing, diarrhea, alopecia, ocu-
lar toxicities (e.g., increased 
lacrimation, photosensitiv-
ity), darkening of the veins, 
dry skin, cardiotoxicity (rare), 
neurotoxicity, palmar-plantar 
erythrodysesthesia

Ensure that patients take year-round photosensi-
tivity precautions; encourage sunscreen use if 
patients must be exposed.

Leucovorin often is given concurrently to 
enhance 5-FU activity.

Apply ice chips to the oral cavity 10–15 minutes 
pre- and post-IV bolus dose of 5-FU to reduce 
oral mucositis in patients with GI malignan-
cies. Ice chips are not recommended in patients 
receiving capecitabine or oxaliplatin because of 
potential discomfort with exposure to coldness.

Uridine triacetate (Vistogard) is FDA-approved for 
the emergency treatment of 5-FU or capecitabine 
overdose regardless of the presence of symp-
toms or in patients who exhibit early-onset (within 
96 hours of administration) severe or life-threat-
ening cardiac or CNS toxicity and/or early-
onset (within 96 hours of administration) unusu-
ally severe adverse reactions (GI toxicities and/
or neutropenia). Uridine triacetate is a prodrug of 
uridine, which competes with 5-fluorouridine tri-
phosphate, a toxic metabolite of 5-FU, for incor-
poration into RNA during RNA sequencing.

(Teva Parenteral Medicines, Inc., 2017a; Wellstat 
Therapeutics Corp., 2017)

Gemcitabine
(Gemzar®)

IV Pancreatic can-
cer

Breast cancer
Ovarian cancer
NSCLC

Dose-limiting toxicity: Myelo-
suppression (especially 
thrombocytopenia)

Nausea, vomiting; flu-like 
symptoms including fever, 
headache, arthralgias, and 
myalgias; rash, peripheral 
edema, dyspnea, pulmonary 
toxicity with increased infu-
sion time, hepatotoxicity

Gemcitabine is an irritant.
Infuse over 30 minutes; infusion longer than 60 

minutes or more than weekly can increase 
hematologic toxicity.

Use with caution in patients with renal impair-
ment.

Increased (severe and life-threatening) toxicity 
may occur when gemcitabine is administered 
within 7 days of radiation therapy.

(Eli Lilly and Co., 2017)

6-Mercapto-
purine (6-MP; 
Purinethol®)

PO ALL Myelosuppression, hepatotox-
icity, mucositis, nausea, vom-
iting, anorexia, hyperurice-
mia, hyperuricosuria, alope-
cia, rash, hyperpigmentation

Reduce oral dose by 75% when used concur-
rently with allopurinol.

Instruct patient to take on an empty stomach.
(Kantarjian et al., 2000; Mylan Pharmaceuticals 

Inc., 2013)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Antimetabolites  
(cont.)

Methotrexate IM, IT, IV, 
PO, SC

NHL
Leukemia
CNS metastasis
Lung cancer
Breast cancer
Head and neck 

cancer
Gestational tro-

phoblastic 
tumor

Osteosarcoma
Rheumatoid 

arthritis
Psoriasis
Gestational cho-

riocarcinoma
Chorioadenoma 

destruens
Hydatidiform 

mole

Dose-limiting toxicities: Hepa-
totoxicity, renal toxicity

Mucositis, nausea, vomiting, 
myelosuppression, oral or 
GI ulceration, pneumonitis, 
photosensitivity, neurotoxic-
ity associated with high-dose 
therapy

High-dose methotrexate doses are adjusted for 
patients with renal dysfunction.

High doses must be followed by timely adminis-
tration of leucovorin and alkaline hydration. Fol-
low dosing schedule carefully.

Monitor serum methotrexate levels until ≤ 0.1 
mcmol/L. Monitor urine pH and maintain ≥ 7 
before and until serum methotrexate levels ≤ 
0.05 mcmol/L.

Depending on methotrexate clearance, some 
patients may require additional leucovorin res-
cue and serum methotrexate monitoring.

Instruct patients on strict mouth care.
Ensure that patients avoid taking multivitamins 

with folic acid.
Multiple drug interactions (e.g., NSAIDs, alcohol, 

aspirin, warfarin, aminoglycosides) are possible.
Glucarpidase (Voraxaze®) is FDA-approved for 

patients with delayed methotrexate clearance 
due to renal impairment. This drug reduces sys-
temic methotrexate levels by rapidly convert-
ing methotrexate to glutamate and 4-deoxy-4-
amino-N10-methylpteroic acid.

(BTG International Inc., 2013; Fresenius Kabi 
USA, LLC, 2014)

Nelarabine
(Arranon®)

IV T-cell ALL
T-cell lympho-

blastic lym-
phoma

Dose-limiting toxicity: Neuro-
toxicity

Myelosuppression, head-
ache, nausea, vomiting, diar-
rhea, constipation, cough, 
fatigue, peripheral neuropa-
thy, dyspnea, neurologic tox-
icities (somnolence, seizures, 
ataxia)

Drug is administered as an undiluted IV infusion 
over 2 hours for adults and 1 hour for pediatrics.

Administer with appropriate supportive care med-
ications to prevent hyperuricemia and TLS.

Discontinue for ≥ grade 2 neurologic events 
(severe somnolence, seizure, and peripheral 
neuropathy).

Use caution in patients with renal or hepatic dys-
function.

(GlaxoSmithKline, 2014a)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Antimetabolites  
(cont.)

Pemetrexed
(Alimta®)

IV Mesothelioma
Nonsquamous 

NSCLC

Myelosuppression, fatigue, 
nausea, vomiting, anorexia, 
chest pain, and dyspnea. 
Vitamin supplementation 
reduces these side effects.

Renal and liver toxicity

Infuse over 10 minutes.
To reduce treatment-related hematologic and GI 

toxicities, administer folic acid 400–1,000 mcg 
PO daily starting 1 week prior to the first cycle 
and daily for 3 weeks after final cycle.

Give vitamin B12 injection 1,000 mcg IM 1 week 
before first cycle and repeat every 9 weeks until 
treatment is completed.

Dexamethasone 4 mg BID for 3 days starting the 
day before treatment decreases incidence of rash.

Monitor CBC on days 8 and 15. Hold treatment if 
ANC < 1,500/mm3, platelets < 100,000/mm3, or 
CrCl < 45 ml/min.

Monitor renal and hepatic function.
Concurrent use of NSAIDs may increase the risk 

of renal damage.
(Eli Lilly and Co., 2013)

Pentostatin
(Nipent™)

IV Hairy cell leuke-
mia

Dose-limiting toxicity: Myelo-
suppression

Acute pulmonary edema, hypo-
tension, fever, chills, nausea, 
vomiting, rash, renal toxicity, 
confusion, hepatic enzyme 
elevation, heightened infec-
tion risk, cough, cardiac

Administer with 500–1,000 ml 5% dextrose in ½ 
NS solution prior to the infusion and an addi-
tional 500 ml after infusion.

Do not administer with fludarabine, carmustine, 
etoposide, or high-dose cyclophosphamide.

(Hospira, Inc., 2018)

Pralatrexate
(Folotyn®)

IV Peripheral T-cell 
lymphoma

Dose-limiting toxicity: Myelo-
suppression

Mucositis, dermatologic reac-
tions, TLS, hepatotoxicity, 
edema, fatigue, nausea

Drug is administered as an IV push over 3–5 min-
utes.

Consider dose reduction in patients with impaired 
renal function (estimated glomerular filtration 
rate < 30 ml/min/1.73 m2).

Prophylactic folic acid and vitamin B12 supple-
ments must be given. Supplement patients with 
vitamin B12 1 mg IM every 8–10 weeks and folic 
acid 1–1.25 mg PO daily.

Monitor liver and renal function.
(Allos Therapeutics, 2016)

Thioguanine
(6-TG; Tab-
loid®)

PO ANLL Dose-limiting toxicity: Myelo-
suppression

Hyperuricemia, nausea, hepa-
totoxicity, diarrhea

Monitor hepatic function.
(Aspen Global Inc., 2012b)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Antitumor antibi-
otics

Bind with DNA, 
thereby inhibiting 
DNA and RNA syn-
thesis

Bleomycin IM, intra-
pleural, IV, 
SC 

Malignant pleural 
effusion

Testicular cancer
HL
NHL
Squamous cell 

cancers of the 
head and neck, 
cervix, vulva, 
and penis

Dose-limiting toxicities: Hyper-
sensitivity or anaphylactic 
reaction (rare), pulmonary 
toxicity

Hyperpigmentation, alopecia, 
photosensitivity, renal toxicity, 
hepatotoxicity, fever, chills, 
erythema, rash, mucositis

This drug is ordered in units.
Bleomycin is not compatible with D5W.
Patients with lymphoma have a higher incidence 

of anaphylaxis after receiving bleomycin than 
do other patients who receive the drug (usually 
occurring after the first or second dose). There-
fore (per institutional protocol), two test doses 
of 1–2 units IV, IM, or SC may be administered 
before the first regular dose of bleomycin in 
patients with lymphoma.

Patients who have received prior bleomycin are 
at risk for pulmonary toxicity when exposed to 
oxygen during surgery. Ensure that patients 
and family members understand the lifelong 
necessity of disclosing previous use of bleomy-
cin when future needs for anesthesia occur to 
prevent a fatal episode of pulmonary failure.

Because of the dose-related incidence of pul-
monary fibrosis, the cumulative lifetime dose 
should not exceed 400 units.

PFTs are recommended at initiation of bleomy-
cin and every 1–2 months thereafter. Consider 
stopping drug if a 30%–35% decrease from 
pretreatment values occurs.

Acetaminophen and an antihistamine may decrease 
fever and chills in first 24 hours after administration.

Consider dose reductions in patients with CrCl < 
50 ml/min.

(Fresenius Kabi USA, LLC, 2016a)

Dactinomycin
(Actinomycin-D;  
Cosmegen®)

IV Wilms tumor
Childhood rhab-

domyosarcoma
Testicular cancer
Ewing sarcoma
Gestational tro-

phoblastic dis-
ease

Dose-limiting toxicity: Myelo-
suppression

Nausea, vomiting, alopecia, 
mucositis, diarrhea, ovarian 
or sperm suppression, radi-
ation recall (hyperpigmenta-
tion of previously irradiated 
areas), sinusoidal obstruction 
syndrome, renal toxicity, hep-
atotoxicity 

Dactinomycin is a vesicant; extravasation can 
result in severe tissue injury.

Administer through the side port of a free-flowing IV.
Dactinomycin is highly toxic and corrosive to soft 

tissues; inhalation and contact with the eyes 
must be avoided.

This drug may be ordered in micrograms, so 
check the dose carefully.

Dactinomycin is contraindicated in patients with 
concurrent or recent chicken pox or herpes zoster.

Avoid within 2 months of radiation therapy for 
right-sided Wilms tumor.

(Recordati Rare Diseases Inc., 2013a)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Antitumor  
antibiotics (cont.)

Mitomycin C
(Mutamycin®)

Intravesi-
cal, IV

Pancreatic can-
cer

Stomach cancer
Bladder cancer

Dose-limiting toxicity: Myelo-
suppression

Nausea, vomiting, anorexia, 
fever, renal toxicity, pulmo-
nary toxicity, fatigue

Drug is purple/blue in color.
Mitomycin is a vesicant; extravasation can result 

in severe tissue injury.
Administer through the side port of a free- 

flowing IV.
Nadir occurs within 8 weeks after treatment 

begins (average of 4 weeks).
Acute shortness of breath and bronchospasm 

can occur very suddenly when this drug is 
given with a vinca alkaloid.

Withhold doses for platelets < 100,000/mm3 or 
WBCs < 4,000/mm3.

Do not use in patients with SCr > 1.7 mg/dl.
Hemolytic uremic syndrome has been seen with 

a single dose ≥ 60 mg.
Mitomycin is contraindicated in patients with 

coagulation disorders.
(Accord BioPharma Inc., 2016)

Mitoxantrone IV Prostate cancer
ANLL
Multiple sclerosis

Dose-limiting toxicities: Myelo-
suppression, cardiotoxicity 
(risk increased if patient was 
treated with other cardiotoxic 
drugs)

Nausea, vomiting, mucositis, 
alopecia, fever, weakness, 
hyperuricemia, amenorrhea, 
blue-green–colored urine, 
bluish skin or sclera

Drug is blue in color.
Mitoxantrone is fatal if given intrathecally.
Mitoxantrone is an irritant with vesicant poten-

tial.
Withhold dose for ANC < 1,500/mm3.
Risk of cardiotoxicity with mitoxantrone is less 

than that with doxorubicin, but prior anthracy-
cline use, chest irradiation, or cardiac disease 
increases risk.

Prior to beginning therapy, evaluate patients for 
cardiac signs and symptoms, including obtain-
ing multigated acquisition scan, baseline left 
ventricular ejection fraction, and ECG.

Mitoxantrone should not be used in patients with 
hepatic impairment.

(Fresenius Kabi USA, LLC, 2013)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Antitumor antibi-
otics: Anthracy-
clines

Bind with DNA, 
thereby inhibiting 
DNA and RNA syn-
thesis

Daunorubicin IV ALL in children
AML

Dose-limiting toxicities: Myelo-
suppression, cardiotoxicity

Nausea, vomiting, alope-
cia, hyperuricemia, radiation 
recall, red-colored urine

Drug is red in color.
Daunorubicin is a vesicant; extravasation can 

result in severe tissue injury.
Administer through the side arm of a free-flowing IV.
Dose reduce in patients with hepatic or renal 

impairment.
Test patients’ cardiac ejection fraction before 

starting therapy.
Total lifetime dose in adults is 550 mg/m2 in those 

without cardiovascular risk factors and 400 mg/
m2 in adults receiving chest irradiation.

(Halison Pharmaceuticals USA, 2014)

Daunorubicin  
and cytara-
bine  
liposome
(Vyxeos™)

IV AML Dose-limiting toxicities: Myelo-
suppression, cardiotoxicity, 
hypersensitivity reaction

Hemorrhage events, copper 
overload

Administer over 90 minutes through a central line.
Total lifetime daunorubicin dose in adults is 550 mg/

m2 in those without cardiovascular risk factors and 
400 mg/m2 in adults receiving chest irradiation.

Vyxeos contains copper gluconate; copper toxic-
ity is possible in patients with Wilson disease.

Daunorubicin is a vesicant; extravasation can 
result in severe tissue injury.

(Jazz Pharmaceuticals, Inc., 2017)

Doxorubicin
(Adriamycin®)

IV Breast cancer
ALL
AML
HL
NHL
Wilms tumor
Neuroblastoma
Sarcoma
Ovarian cancer
Bladder cancer
Thyroid cancer
Stomach cancer
Bronchogenic 

carcinoma

Dose-limiting toxicities: Myelo-
suppression, cardiotoxicity, 
hepatotoxicity

Nausea, vomiting, alopecia, 
mucositis, radiation recall, 
hyperuricemia, photosensitiv-
ity, red-colored urine

Drug is red in color.
Doxorubicin is a vesicant; extravasation can 

result in severe tissue injury.
Administer through the side arm of a free-flowing 

IV or via continuous infusion through a central 
catheter only.

Consider administration of dexrazoxane if extrav-
asation occurs.

Dose reduce in patients with elevated serum total 
bilirubin.

Test patients’ cardiac ejection fraction before 
starting therapy.

Do not exceed a lifetime cumulative dose of 550 
mg/m2 (450 mg/m2 if the patient has had prior 
chest irradiation or concomitant cyclophospha-
mide treatment).

Consider initiating dexrazoxane for cardiac pro-
tection in patients who have received a cumu-
lative dose of 300 mg/m2 and are continuing 
doxorubicin treatment.

(West-Ward Pharmaceuticals Corp., 2015a)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Antitumor antibi-
otics: Anthracy-
clines (cont.)

Doxorubicin
liposomal 
(Doxil®)

IV Ovarian cancer
AIDS-related 

Kaposi sar-
coma

Multiple 
myeloma

Dose-limiting toxicities: Myelo-
suppression, cardiotoxicity, 
infusion-related reactions

Nausea, vomiting, alopecia, 
mucositis, arrhythmia, amen-
orrhea, radiation recall, pal-
mar-plantar erythrodysesthe-
sia, hypersensitivity reaction, 
red-colored urine

Drug is red in color.
Doxorubicin liposomal is an irritant with vesicant 

properties; take caution to avoid extravasation.
The same warnings as with conventional doxo-

rubicin apply regarding cardiovascular compli-
cations.

Do not substitute for doxorubicin.
Do not use an in-line filter.
(Janssen Products, LP, 2017)

Epirubicin
(Ellence®)

IV Breast cancer Dose-limiting toxicities: Myelo-
suppression, cardiotoxicity

Nausea, vomiting, mucositis, 
diarrhea, alopecia, amenor-
rhea, infection, hyperurice-
mia, radiation recall, flushing, 
red-colored urine

Drug is red in color.
Epirubicin is a vesicant; extravasation can result 

in severe tissue injury.
Infuse into the side port of a free-flowing IV.
Do not use if baseline ANC is < 1,500/mm3.
Consider dose reduction in patients with hepatic 

and severe renal impairment (SCr > 5 mg/dl).
Cumulative dosing should not exceed 900 mg/m2.
Test patients’ cardiac ejection fraction before 

starting epirubicin therapy.
(Pfizer Inc., 2014)

Idarubicin
(Idamycin®)

IV AML Dose-limiting toxicities: Myelo-
suppression, cardiomyopathy

Hyperuricemia, nausea, vom-
iting, alopecia, vein itching, 
radiation recall, rash, muco-
sitis, diarrhea, severe entero-
colitis with perforation, red-
colored urine

Drug is red-orange in color.
Idarubicin is a vesicant; extravasation can result 

in severe tissue injury. Inject slowly over 10–15 
minutes into free-flowing side-arm infusion.

Cardiotoxicity of idarubicin is less than that of 
daunorubicin.

Cumulative doses > 150 mg/m2 are associated 
with decreased ejection fraction.

Local reactions (hives at injection site) may occur.
Consider dose reduction in patients with renal or 

hepatic impairment.
(Pfizer Inc., 2015)

Valrubicin
(Valstar®)

Intravesical Intravesical ther-
apy of bacil-
lus Calmette-
Guérin–refrac-
tory in situ 
bladder cancer

Dysuria, bladder spasm and 
irritation, urinary inconti-
nence, leukopenia, hyper-
glycemia; drug may turn the 
urine red.

Administer via intravesical route only.
Do not use in pediatric patients.
Valrubicin is a vesicant; extravasation can result 

in severe tissue injury if perforation of bladder 
occurs.

Use non-PVC, non-DEHP containing tubing.
(Endo Pharmaceuticals Solutions Inc., 2017)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Miscellaneous Induces cytodif-
ferentiation and 
decreased prolifer-
ation of APL cells in 
culture and in vivo

All-trans-ret-
inoic acid 
(ATRA, tret-
inoin, Ves-
anoid®)

PO, topical 
as a cream

Induction of 
remission in 
patients with APL 
characterized by 
the presence of 
t(15;17) trans-
location and/or 
the presence of 
PML/RARα gene 
who are refrac-
tory to, or who 
have relapsed 
from, anthracy-
cline chemother-
apy, or for whom 
anthracycline-
based chemo-
therapy is contra-
indicated

Headache, fever, dry skin, 
bone pain, nausea, vomiting, 
rash, pruritus, mouth sores, 
skin and oral membrane dry-
ness, flu-like symptoms, 
abdominal pain,  diarrhea, 
constipation, leukocytosis, 
differentiation syndrome (see 
Chapter 17), bleeding

PO: Patients should take with food. 
Confirm negative pregnancy test in females 

within 1 week of starting treatment.
Instruct patients to use two forms of contracep-

tion during therapy and for 1 month following 
discontinuation of therapy.

(Roche Laboratories Inc., 2008)

Causes DNA frag-
mentation and mor-
phologic changes 
characteristic of 
apoptosis in NB4 
cells and degrades 
the chimeric PML/
RARα protein

Arsenic tri-
oxide
(Trisenox®)

IV APL Fatigue, prolonged QT inter-
val, APL differentiation syn-
drome, leukocytosis, head-
ache, nausea, vomiting, diar-
rhea, abdominal pain, fever, 
dermatitis, cough, dyspnea, 
peripheral neuropathy

Use with caution with other agents that prolong 
QT/QTc interval. Obtain baseline ECG prior to 
therapy. Ensure QTc interval < 500 ms prior 
to infusion. QTc intervals should be measured 
periodically during therapy (e.g., weekly).

Use with caution in patients with renal impairment.
Monitor electrolytes during therapy. Maintain 

serum potassium > 4 mEq/L and magnesium > 
1.8 mg/dl.

Renal or hepatic impairment may increase toxic-
ity risk.

Administer over 1–2 hours (may be extended 
up to 4 hours if acute vasomotor reactions are 
observed).

(Teva Pharmaceuticals USA, Inc., 2016)

Depletes plasma 
asparagine, lead-
ing to leukemic cell 
death

Asparaginase 
Erwinia chry-
santhemi
(Erwinaze®)

IM, IV ALL Hypersensitivity reaction 
(including anaphylaxis), pan-
creatitis, glucose intolerance, 
thrombosis, abdominal pain, 
diarrhea

Keep medications to treat anaphylaxis at bedside.
Limit the volume of reconstituted asparaginase 

at a single injection site to 2 ml; if reconstituted 
dose to be administered is > 2 ml, use multiple 
injection sites.

When given IV, infuse in 100 ml over 1–2 hours.
(Jazz Pharmaceuticals, Inc., 2016)

(Continued on next page)
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Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Miscellaneous 
(cont.)

Depletes plasma 
asparagine, lead-
ing to leukemic cell 
death

Pegaspargase
(Oncaspar®)

IM, IV ALL Pancreatitis, thrombosis, glucose 
intolerance, coagulopathy, hep-
atotoxicity, allergic reactions 
(including anaphylaxis)

When given IM, maximum volume per injection 
site is 2 ml.

When given IV, give over 1–2 hours.
(Baxalta US Inc., 2016)

Acts in S phase as 
antimetabolite

Hydroxyurea
(Hydrea®, 
Mylocel®)

PO CML
Squamous cell 

cancer of the 
head and neck

Dose-limiting toxicity: Myelo-
suppression

Vasculitic toxicities, macrocyto-
sis, nausea, vomiting, diarrhea, 
renal failure, mucositis, fever, 
hyperuricemia, rash, alopecia, 
second malignancies

Do not open capsules.
Monitor blood counts weekly.
Patients should avoid live vaccines.
(Bristol-Myers Squibb Co., 2017b)

Inhibits adrenal ste-
roid production

Mitotane
(Lysodren®)

PO Adrenocortical 
cancer

CNS toxicity, adrenal insuffi-
ciency/crisis, ovarian mac-
rocysts in premenopausal 
women, anorexia, nausea, 
vomiting, mucositis, lethargy, 
dizziness or vertigo, rash

Monitor PT/INR closely in patients on warfarin 
therapy.

Adrenal steroid replacement is indicated.
Consider dose reduction in patients with renal or 

hepatic impairment.
(Bristol-Myers Squibb Co., 2017c)

May inhibit protein, 
RNA, and DNA 
synthesis

Procarbazine
(Matulane®)

PO Stage III and 
IV HL

Dose-limiting toxicity: Myelo-
suppression

Nausea, vomiting, hepatic dys-
function

Patients should avoid foods high in tyramine, 
such as aged cheeses, air-dried or cured 
meats, fava or broad bean pods, tap/draft beer, 
wine (> 120 ml), vermouth, marmite concen-
trate, sauerkraut, and soy sauce and other soy-
bean condiments because procarbazine inhibits 
monoamine oxidase.

Patients should avoid alcohol for possible disulfi-
ram-like reaction.

(Sigma-Tau Pharmaceuticals, Inc., 2016)

Inhibits growth 
phase of micro-
tubules, arresting 
cell cycle at G2/M 
phase

Eribulin
(Halaven®)

IV Metastatic breast 
cancer

Unresectable or 
metastatic lipo-
sarcoma

Dose-limiting toxicities: Neutro-
penia, peripheral neuropathy

Fatigue, alopecia, nausea, con-
stipation, anemia, QTc pro-
longation

Monitor electrolytes, ECG, and renal and liver 
function tests. Initiate at lower doses with 
hepatic or renal insufficiency.

Eribulin is not compatible with D5W.
(Eisai Inc., 2016)

Inhibits the enzy-
matic activity of 
HDAC

Romidepsin
(Istodax®)

IV Cutaneous 
and periph-
eral T-cell lym-
phoma

Dose-limiting toxicities: Myelo-
suppression, life-threatening 
infections

QTc prolongation, fatigue, 
fever, pruritus, nausea, vom-
iting, anorexia, constipation, 
diarrhea, TLS

Obtain baseline and periodic ECG.
Monitor electrolytes and correct imbalances.
(Celgene Corp., 2016b)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Miscellaneous 
(cont.)

Inhibits the enzy-
matic activity of 
HDAC

Vorinostat
(Zolinza®)

PO Cutaneous T-cell 
lymphoma

Dose-limiting toxicities: Throm-
bocytopenia, anemia

Pulmonary embolism, deep 
vein thrombosis, nausea, 
vomiting, diarrhea, hypergly-
cemia, electrolyte abnormal-
ities, fatigue, anorexia, dys-
geusia

Reduce initial dose if bilirubin > 1 × ULN or AST 
> ULN. Do not use if bilirubin > 3 × ULN.

Patients should drink at least 2 L of fluid per day.
Monitor CBC, electrolytes, glucose, and SCr 

every 2 weeks during first 2 months and 
monthly thereafter.

Do not open or crush capsules.
Drug may interact with warfarin (increasing PT/

INR) and other HDAC inhibitors (e.g., valproic 
acid; causing severe thrombocytopenia and GI 
bleeding).

(Merck and Co., Inc., 2015)

Semisynthetic ana-
log of epothilone 
B; binds to beta-
tubulin on micro-
tubules, leading to 
cell death by block-
ing cells in mitotic 
phase of cell divi-
sion cycle

Ixabepilone
(Ixempra®)

IV Metastatic 
or locally 
advanced 
breast cancer

Dose-limiting toxicities: Periph-
eral sensory neuropathy, 
myelosuppression, hypersen-
sitivity reaction

Fatigue, myalgia, alopecia, 
nausea, vomiting, mucosi-
tis, diarrhea, musculoskele-
tal pain

Drug is contraindicated in combination with 
capecitabine if bilirubin > 1 × ULN or AST or 
ALT > 2.5 × ULN. Patient may still receive 
monotherapy ixabepilone.

CYP3A4 inhibitors may increase ixabepilone 
concentration, and CYP3A4 inducers may 
decrease ixabepilone concentration. Avoid St. 
John’s wort.

Premedicate with diphenhydramine (50 mg PO) 
and ranitidine (150–300 mg PO) 1 hour prior to 
dose to decrease risk of hypersensitivity reaction.

Use non-PVC, non-DEHP bags and tubing; solu-
tion is only stable for 6 hours.

Administer through a 0.2–1.2 micron in-line filter.
Infuse over 3 hours.
(R-Pharm US, LLC, 2016)

Inhibits protein syn-
thesis and is inde-
pendent of direct 
Bcr-Abl binding

Omacetaxine
(Synribo®)

SC CML in chronic 
or accelerated 
phase with 
resistance and/
or intolerance 
to 2 or more 
tyrosine kinase 
inhibitors

Dose-limiting toxicity: Myelo-
suppression

Thrombocytopenia with bleed-
ing risk, hyperglycemia, nau-
sea, vomiting, diarrhea, alo-
pecia, fatigue

Some patients may self-administer at home.
Monitor patient for bleeding.
Rotate injection sites.
(Teva Pharmaceuticals USA, Inc., 2017b)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Nitrosoureas Break DNA helix, 
interfering with 
DNA replication; 
cross the blood–
brain barrier

Carmustine
(BiCNU®)

Implantation 
(Gliadel® 
wafer), IV

HL
NHL
CNS tumors
Multiple 

myeloma

Dose-limiting toxicities: Myelo-
suppression, pulmonary tox-
icity

Nausea, vomiting, renal toxicity
Gliadel-specific toxicities: Sei-

zures, intracranial hyperten-
sion, meningitis, impaired 
neurosurgical wound healing

Nadir occurs 4–6 weeks after therapy starts.
Because of delayed toxicity, successive treat-

ments usually are given no more frequently 
than once every 6–8 weeks.

Rapid infusion may cause burning along the vein 
and flushing of the skin (infuse over at least 2 
hours).

Long-term therapy can result in irreversible pulmo-
nary fibrosis, which may present as an insidious 
cough and dyspnea or sudden respiratory failure.

Use non-PVC, non-DEHP bags and tubing.
Cumulative dose of 1,400 mg/m2 should not be 

exceeded because of pulmonary toxicity.
(Arbor Pharmaceuticals, LLC, 2015; Heritage 

Pharmaceuticals Inc., 2017)

Lomustine
(Gleostine®)

PO CNS and brain 
tumors

HL

Dose-limiting toxicity: Myelo-
suppression (delayed, dose 
related, and cumulative)

Pulmonary toxicity, secondary 
malignancies, hepatotoxicity, 
nephrotoxicity, nausea, vom-
iting, alopecia, fatigue, visual 
disturbances

Because of delayed myelosuppression, do not 
repeat the dose more than once every 6 weeks. 
Only 1 dose should be dispensed per treatment 
cycle.

Patients should take on an empty stomach.
Monitor PFTs, LFTs, and renal function.
(NextSource Biotechnology, LLC, 2016)

Streptozocin
(Zanosar®)

IV Metastatic islet-
cell pancreatic 
carcinoma

Dose-limiting toxicity: Renal 
toxicity

Myelosuppression, nausea, 
vomiting, hypoglycemia, pro-
teinuria, hepatotoxicity, con-
fusion, lethargy, depression

Streptozocin is an irritant.
Nephrotoxicity may be dose limiting.
This drug may alter glucose metabolism in some 

patients.
(Teva Parenteral Medicines, Inc., 2007)

Plant alkaloids: 
Camptothecins

Act in S phase; 
inhibit topoisomer-
ase I; cause dou-
ble-strand DNA 
changes

Irinotecan IV Metastatic 
colorectal can-
cer

Dose-limiting toxicity: Diarrhea
Myelosuppression, hypersensi-

tivity reaction, alopecia, fever, 
nausea, vomiting

Irinotecan is an irritant; exfoliative dermatitis may 
occur.

This drug can cause early and late diarrhea, 
which can be dose limiting. Early diarrhea can 
occur within 24 hours of administration and 
generally is cholinergic. Consider prophylactic 
or therapeutic administration of 0.25–1 mg of IV 
or SC atropine.

Patients should receive antiemetic premedications: 
10 mg dexamethasone and a 5-HT3 blocker at 
least 30 minutes prior to administration.

(Hospira, Inc., 2017)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Plant alkaloids: 
Camptothecins 
(cont.)

Inhibit topoisomer-
ase I

Irinotecan 
liposomal 
(Onivyde®)

IV In combination 
with 5-fluoroura-
cil and leucovo-
rin for the treat-
ment of meta-
static adenocar-
cinoma of the 
pancreas after 
disease pro-
gression follow-
ing gemcitabine 
therapy

Interstitial lung disease, diar-
rhea, fatigue, nausea, vomit-
ing, stomatitis, pyrexia

Administer IV over 90 minutes 70 mg/m2 every 2 
weeks.

Recommended dose for patient homozygous for 
UGT1A1*28 is 50 mg/m2 every 2 weeks.

Premedicate with a corticosteroid and an anti-
emetic 30 minutes prior to administration.

(Ipsen Biopharmaceuticals, Inc., 2017)

Topotecan
(Hycamtin®)

IV, PO Metastatic ovar-
ian cancer

Cervical cancer
SCLC

Dose-limiting toxicity: Myelo-
suppression

Diarrhea, alopecia, nausea, 
vomiting, fatigue, interstitial 
lung disease

Do not administer to patients with baseline ANC 
< 1,500/mm3 or platelets < 100,000/mm3.

Consider dose reduction in patients with renal 
impairment.

(GlaxoSmithKline, 2014b, 2015)

Plant alkaloids: 
Epipodophyllo-
toxins

Induce irreversible 
blockade of cells in 
premitotic phases 
of cell cycle (late 
G2 and S phases); 
interfere with 
topoisomerase II 
enzyme reaction

Etoposide (VP-
16, Toposar®,
VePesid®);  
etoposide 
phosphate 
(Etopophos®)

IV, PO Testicular cancer
SCLC

Dose-limiting toxicity: Myelo-
suppression

Hypersensitivity reaction, nau-
sea, vomiting, alopecia, 
anorexia, hypotension

Do not administer via rapid IV infusion or IV push. 
Infuse over 30–60 minutes to avoid hypotension.

Prior to use, dilute the drug to a final concentra-
tion of 0.2–0.4 mg/ml to avoid precipitation.

Use non-PVC, non-DEHP bags and tubing.
Monitor for crystallization during infusion.
If a patient has an allergic reaction to etoposide, 

premedicate with diphenhydramine.
Consider dose reduction in patients with renal 

impairment.
(Bristol-Myers Squibb Co., 2017a; Mylan Phar-

maceuticals Inc., 2016; Teva Parenteral Medi-
cines, Inc., 2012)

Teniposide IV Induction therapy 
in childhood 
ALL

Dose-limiting toxicity: Myelo-
suppression

Hypersensitivity reaction, ana-
phylaxis, nausea, vomiting, 
mucositis, diarrhea, alopecia

Drug may cause an allergic reaction.
Do not administer via rapid infusion. Infuse over 

30–60 minutes to avoid hypotension.
Use non-PVC, non-DEHP bags and tubing.
Contraindicated in patients with history of reac-

tions to teniposide or other drugs formulated in 
polyoxyl 35 castor oil (a solvent).

Consider dose reduction in patients with renal or 
hepatic impairment.

(WG Critical Care, LLC, 2015)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Plant alkaloids: 
Taxanes

Stabilize microtu-
bules, inhibiting cell 
division; effective in 
G2 and M phases

Cabazitaxel
(Jevtana®)

IV Hormone-refrac-
tory metastatic 
prostate can-
cer

Hypersensitivity reaction, 
myelosuppression, fatigue, 
diarrhea, nausea, vomiting, 
peripheral neuropathy

Withhold dose for ANC < 1,500/mm3.
Premedicate as follows to prevent hypersensi-

tivity reaction, including anaphylaxis, at least 
30 minutes before treatment: IV diphenhydra-
mine 25 mg, dexamethasone 8 mg, and raniti-
dine 50 mg.

Administer over 1-hour infusion through a 0.2 
micron in-line filter.

Use non-PVC bags and tubing.
Do not use in patients with severe hepatic impair-

ment (total bilirubin > 3 × ULN).
(Sanofi-Aventis U.S. LLC, 2016)

Docetaxel
(Taxotere®)

IV Breast cancer
NSCLC
Hormone-refrac-

tory prostate 
cancer

Gastric adeno-
carcinoma

Squamous cell 
carcinoma of 
the head and 
neck

Myelosuppression, febrile neu-
tropenia, hypersensitivity 
reaction, fluid retention, alo-
pecia, skin and nail changes, 
nausea, vomiting, neurotox-
icity

Premedicate as follows to reduce the severity 
of hypersensitivity reaction and fluid retention: 
Dexamethasone 8 mg PO BID for 3 days, begin-
ning 1 day prior to docetaxel treatment and con-
tinuing for the day of treatment and 1 day after.

Docetaxel extravasation may cause local pain, 
edema, erythema, and hyperpigmentation at 
infusion site.

Do not administer if bilirubin > ULN or AST and/
or ALT > 1.5 × ULN with alkaline phosphatase 
> 2.5 × ULN.

Withhold dose for ANC < 1,500/mm3.
Do not use PVC tubing or bags to administer 

docetaxel.
Administer over 1-hour infusion.
(Sanofi-Aventis U.S. LLC, 2015)

Paclitaxel IV Breast cancer
Ovarian cancer
NSCLC
AIDS-related 

Kaposi sar-
coma

Dose-limiting toxicities: Hyper-
sensitivity reaction (dyspnea, 
hypotension, angioedema, 
urticaria), myelosuppression, 
peripheral neuropathy

Alopecia, facial flushing, myal-
gia, mucositis, diarrhea, nau-
sea

Paclitaxel is an irritant and potential vesicant. 
Extravasation may lead to local pain, edema, 
and erythema at infusion site.

Paclitaxel is contraindicated in patients with his-
tory of reactions to paclitaxel or other drugs for-
mulated in polyoxyl 35 castor oil (a solvent).

Patients should be premedicated to minimize reac-
tion risk: Dexamethasone, diphenhydramine, 
and ranitidine prior to infusion. Premedication 
dosages and frequency may vary per specific 
regimens. Reactions occur more frequently with 
first or second doses; consider reducing pre-
medications with subsequent doses.

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Plant alkaloids: 
Taxanes (cont.)

Paclitaxel 
(cont.)

Do not use in patients with solid tumor who have 
baseline ANC < 1,500/mm3 or in patients with 
AIDS-related Kaposi sarcoma who have base-
line ANC < 1,000/mm3. Withhold subsequent 
doses until counts recover to these levels.

Filter paclitaxel with a 0.2 micron in-line filter.
Use non-PVC, non-DEHP bags and tubing to 

administer paclitaxel.
Consider dose reduction in patients with renal or 

hepatic impairment.
To prevent severe myelosuppression, give pacli-

taxel before platinum-containing drugs.
(Mylan Institutional, LLC, 2014b)

Paclitaxel  
protein-bound 
particles;  
albumin-bound
(Nab-pacli-
taxel; Abrax-
ane®)

IV Metastatic breast 
cancer

NSCLC
Metastatic ade-

nocarcinoma of 
the pancreas

Dose-limiting toxicities: Myelo-
suppression, sensory neu-
ropathy

Sepsis, pneumonitis, hyper-
sensitivity reaction, alopecia, 
anemia, myalgia/arthralgia, 
nausea, vomiting, diarrhea

Toxicities may be enhanced 
with hepatic insufficiency.

Premedication is generally not required.
Withhold dose for grade 3–4 peripheral neuropa-

thy; resume only with grade 1 or complete res-
olution.

Withhold dose for ANC < 1,500/mm3.
(Celgene Corp., 2016a)

Plant alkaloids: 
Vinca alkaloids

Act in late G2 
phase, blocking 
DNA production, 
and in M phase, 
preventing cell divi-
sion

Vinblastine IV HL
NHL
Mycosis fungoi-

des
Testicular cancer
Kaposi sarcoma
Histiocytosis
Breast cancer

Dose-limiting toxicities: Myelo-
suppression, constipation, 
neurotoxicity, peripheral neu-
ropathy, jaw pain

Alopecia
Toxicities may be enhanced 

with hepatic insufficiency.

Drug is fatal if given via routes other than IV.
Vinblastine is a vesicant; extravasation can result 

in severe tissue injury.
Administer via a minibag through the side port of 

a free-flowing IV.
Generally, neurotoxicity occurs less frequently 

with vinblastine than with vincristine; however, it 
is rare and usually reversible.

(Fresenius Kabi USA, LLC, 2016d)

(Continued on next page)
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Table 6-1. Chemotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Plant alkaloids: 
Vinca alkaloids 
(cont.)

Vincristine IV ALL
HL
NHL
Neuroblastoma
Wilms tumor
Rhabdomyosar-

coma

Dose-limiting toxicity: Neuro-
toxicity

Alopecia, peripheral neurop-
athy, constipation, paralytic 
ileus, renal toxicity, hepato-
toxicity, hypersensitivity reac-
tion

Drug is fatal if given via routes other than IV.
Vincristine is a vesicant; extravasation can result 

in severe tissue injury.
Administer via a minibag through the side port of 

a free-flowing IV.
Neurotoxicity is cumulative; conduct a neurologic 

evaluation before each dose. Withhold dose if 
severe paresthesia, motor weakness, or other 
abnormality develops.

Reduce dose in the presence of significant liver 
disease.

Stool softeners and/or a stimulant laxative may 
help to prevent severe constipation.

(Hospira, Inc., 2013)

Liposome-encap-
sulated vincristine 
alters microtubular 
structure and func-
tion.

Vincristine 
liposomal 
(Marqibo®)

IV PH– ALL in sec-
ond or greater 
relapse whose 
disease has 
progressed 
after 2 or more 
anti-leukemic 
regimens

Fatigue, nausea, pyrexia, 
myelosuppression, neuro-
logic toxicity, TLS, liver toxic-
ity, constipation, embryo-fetal 
toxicity

Vincristine liposomal is a vesicant; extravasation 
can result in severe tissue injury. 

Drug is fatal if given via routes other than IV.
Administer 2.25 mg/m2 IV over 1 hour every 7 

days. 
(Talon Therapeutics, Inc., 2016)

Vinorelbine 
(Navelbine®)

IV NSCLC Dose-limiting toxicities: Myelo-
suppression, hepatic toxic-
ity, severe constipation and 
bowel obstruction, neurologic 
toxicity (peripheral neuropa-
thy), pulmonary toxicity and 
respiratory failure.

Nausea, vomiting, alopecia

Vinorelbine is fatal if given via routes other than 
vesicant intravenously.

Vinorelbine is an irritant with vesicant potential. 
Extravasation can result in severe tissue injury.

Administer via a minibag through the side port of 
a free-flowing IV.

Flush with 75–125 ml solution after completion of 
vinorelbine administration to prevent phlebitis.

(Pierre Fabre Pharmaceuticals, Inc., 2014)

Note. For drugs listed as vesicants or irritants, refer to Chapter 13.
AIDS—acquired immunodeficiency syndrome; ALL—acute lymphoblastic leukemia; ALT—alanine aminotransferase; AML—acute myeloid leukemia; ANC—absolute neutrophil count; ANLL—acute nonlympho-
cytic leukemia; APL—acute promyelocytic leukemia; AST—aspartate aminotransferase; AUC—area under the plasma concentration versus time curve; BID—twice daily; CBC—complete blood count; CLL—
chronic lymphocytic leukemia; CML—chronic myeloid leukemia; CNS—central nervous system; CrCl—creatinine clearance; DEHP—di(2-ethylhexyl) phthalate; D5W—5% dextrose in water; DNA—deoxyribonu-
cleic acid; ECG—electrocardiogram; FDA—U.S. Food and Drug Administration; 5-FU—5-fluorouracil; GI—gastrointestinal; G2—gap 2; HDAC—histone deacetylase; HL—Hodgkin lymphoma; IM—intramuscular; 
INR—international normalized ratio; IT—intrathecal; IV—intravenous; LFTs—liver function tests; M—mitosis; MDS—myelodysplastic syndrome; ms—millisecond; NHL—non-Hodgkin lymphoma; NS—normal sa-
line; NSAID—nonsteroidal anti-inflammatory drug; NSCLC—non-small cell lung cancer; PFTs—pulmonary function tests; PML—promyelocytic leukemia; PO—by mouth; PT—prothrombin time; PVC—polyvinyl 
chloride; QTc—QT interval corrected; RAR—retinoic acid receptor; RNA—ribonucleic acid; S—synthesis; SC—subcutaneous; SCLC—small cell lung cancer; SCr—serum creatinine; SIADH—syndrome of inap-
propriate antidiuretic hormone secretion; TLS—tumor lysis syndrome; ULN—upper limit of normal; WBC—white blood cell
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c) Tumors with a high growth rate, or a high 
percentage of cells in the S phase, are the 
most susceptible to antimetabolites (Olsen, 
2017). Normal cells with high division rates, 
such as gastrointestinal mucosal and bone 
marrow cells, are sensitive to antimetabo-
lites. This results in mucositis, diarrhea, and 
myelosuppression.

d) Examples : capecitabine, cy tarabine, 
5-fluorouracil, gemcitabine, methotrexate

3. Antitumor antibiotics (Olsen, 2017)
a) Interfere with DNA synthesis by binding with 

DNA at various points, preventing RNA syn-
thesis

b) Myelosuppression, gastrointestinal toxicities, 
and alopecia are common.

c) A number of these agents are cardiotoxic or 
pulmonary toxic.

d) Examples: doxorubicin, bleomycin, epirubi-
cin, mitoxantrone

4. Miscellaneous agents
a) Drugs in this category have a unique mech-

anism of action and side effect profile. They 
cannot be grouped with other chemother-
apy agents.

b) Examples: asparaginase, arsenic, vorinostat
(1) Asparaginase is an enzyme derived from 

bacteria (Escherichia coli or Erwinia chry-
santhemi) that depletes circulating levels 
of asparagine, resulting in cell death.

(2) Arsenic is a differentiating agent that 
causes fragmented changes in the 
DNA, leading to apoptosis. It inhibits 
the self-renewal of leukemia cells due 
to free radical formation (Olsen, 2017).

5. Nitrosoureas
a) A distinct group of drugs that have the capac-

ity to cross the blood–brain barrier (high 
lipid solubility); sometimes categorized with 
alkylating agents

b) Cause breakage in DNA helix strand, thereby 
interfering with DNA replication and result-
ing in cell death

c) Dose-limiting toxicities include bone mar-
row suppression, gastrointestinal toxicities, 
and organ-specific toxicities (e.g., renal and 
hepatic, dependent on drug and dose).

d) Other effects include carcinogenic and muta-
genic effects and impaired fertility.

e) Examples: carmustine, lomustine, strepto-
zocin

6. Plant alkaloids
a) Camptothecins

(1) Semisynthetic analogs of the alkaloid 
camptothecin from the Chinese orna-
mental tree Camptotheca acuminata

(2) Target topoisomerase 1, an enzyme nec-
essary for DNA synthesis, which causes 
DNA damage and cell death

(3) Diarrhea and myelosuppression are the 
most common dose-limiting toxicities 
of irinotecan, and myelosuppression is 
the most common dose-limiting toxic-
ity of topotecan.

(4) Examples: irinotecan, topotecan
b) Epipodophyllotoxins

(1) Antimicrotubule agent derived from 
the Podophyllum peltatum, or man-
drake, plant

Figure 6-2. Potential Side Effects and Toxicities of 
Chemotherapy by System
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(2) Induce irreversible blockage of cells in 
premitotic phases of cell cycle (late G2 
and S phases); interfere with topoisom-
erase II enzyme reaction

(3) Dose-limiting toxicity includes myelo-
suppression with a nadir of 10–14 days. 
Mild to moderate nausea, vomiting, 
mucositis, and alopecia also can occur 
with this class and are dose dependent.

(4) Other effects include carcinogenic and 
mutagenic effects.

c) Taxanes
(1) Semisynthetic derivatives of precursors 

from yew plants
(2) Stabilize microtubules, inhibiting cell 

division; effective in G2 and M phases
(3) Common side effects include infu-

sion reactions, peripheral neuropa-
thy, myelosuppression, arthralgias, and 
myalgias. Docetaxel is associated with 
edema and nail changes.

d) Vinca alkaloids
(1) Derived from the Vinca rosea, or peri-

winkle, plant
(2) Depolymerize microtubules and 

destroy mitotic spindles
(3) Myelosuppression (except vincristine) 

and neurologic and hepatic toxicities 
are common.

(4) Drugs in this category are vesicants.
(5) Drugs in this category are fatal if given 

into the central nervous system.

D. Combination chemotherapy principles
1. Benefits

a) Maximum cell kill within dose limits
b) Broader coverage to overcome resistant cell 

lines
2. Drug selection for combination chemotherapy

a) Are active as single agents
b) Have differing mechanisms of action mak-

ing them synergistic
c) Have differing dose-limiting toxicities to 

allow therapeutic doses to be tolerated
d) Have differing patterns of resistance
e) Should be used at optimal schedule and dose
f) Should be given at consistent intervals
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CHAPTER 7

Hormone Therapy

A. Hormone therapy in the treatment of cancer
1. Hormonal manipulations are used in the treat-

ment of a number of cancers that are hormone 
sensitive. Prostate and breast cancers are the 
prime examples. To a lesser degree, endocrine 
treatment is also used for adrenal, ovarian, thy-
roid, and androgen-sensitive salivary cancers.

2. Most current endocrine treatments involve 
decreasing levels of a specific hormone in the 
body by interfering with its release, blocking 
other hormones that trigger its production and 
release, blocking hormone receptors, or destroy-
ing the hormone entirely.

3. Although effective in prolonging survival, hor-
mone treatments have side effects that can affect 
an individual’s quality of life and are associated 
with physiologic changes that may increase the 
risk for other health conditions.

4. This section will provide a brief overview of cancers 
treated with endocrine therapy, describe catego-
ries of hormones used in cancer treatment, iden-
tify associated side effects and health risks (see 
Figure 7-1), and discuss implications for nursing 
care. See Table 7-1 for additional drug-specific 
information.

B. Cancers treated with hormone therapy
1. Hormone therapies are most often used to treat 

prostate and breast cancers. These are the most 
commonly diagnosed cancers in men and women, 
respectively (American Cancer Society [ACS], 
2018). Although both types of cancer exist in 
a hormonal milieu, differences exist in mecha-
nisms and response to hormone therapy.

2. Hormone therapy in specific cancers
a) Prostate cancer

(1) Androgens (i.e., testosterone and dihy-
drotestosterone) are hormones that are 
essential for normal prostate function, as 
well as prostate cancer growth. They bind 
with and activate the androgen receptor, 
which, in turn, activates expression of 
genes that promote prostate cell growth.

(2) Androgens are synthesized in the 
prostate tissue from dehydroepian-
drosterone (DHEA) and by the adre-
nal glands, in addition to the testicles 
(Labrie, 2015). 

Figure 7-1. Potential Side Effects and Toxicities of 
Hormone Therapy by System
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Table 7-1. Hormone Therapy Agents

Classification Drug Route/Dosing Indications Side Effects Nursing Considerations

Adrenolytics Mitotane
(Lysodren®)

0.5–2 g PO daily, 
titrated up every 
1–2 weeks to 
serum concen-
trations between 
14–20 mg/L

Adrenal cancer Anorexia, nausea, diar-
rhea, transaminitis, 
hypercholesterolemia, 
hypothyroidism, glu-
cocorticoid excess

Administer in 3–4 divided 
daily doses.

Cerebellar ataxia and 
other neurologic symp-
toms may develop with 
concentrations > 20 
mg/L.

Antiandrogens Apalutamide
(Erleada™)

240 mg PO daily Prostate cancer GI effects (nausea, 
diarrhea), fatigue, 
decreased appetite, 
seizures, falls/frac-
ture, hypertension

Patients should receive an 
LHRH agonist or antag-
onist concurrently or 
should have had bilateral 
orchiectomy prior to initi-
ation of therapy.

Men should be counseled 
not to donate sperm dur-
ing treatment and for 3 
months following the last 
dose of apalutamide.

CYP drug interactions are 
possible.

Bicalutamide
(Casodex®)

50 mg PO daily Prostate cancer Hepatotoxicity, GI 
effects (nausea, diar-
rhea, constipation), 
fatigue

Drug can be added to 
LHRH agonist/antagonist 
therapy after progres-
sion or used temporarily 
to prevent symptoms of 
tumor flare.

Bicalutamide offers better 
tolerance and once-daily 
dosing compared to nilu-
tamide and flutamide.

CYP drug interactions are 
possible.

Enzalu-
tamide
(Xtandi®)

160 mg PO daily Prostate cancer GI effects (nausea, 
diarrhea), fatigue, sei-
zures

Enzalutamide is a pure 
androgen receptor sig-
naling inhibitor that is 
used alone or with pred-
nisone only in the castra-
tion-refractory prostate 
cancer setting.

CYP drug interactions are 
possible.

Flutamide
(Eulexin®)

250 mg PO every 8 
hours

Prostate cancer Hepatotoxicity, GI 
effects (nausea, diar-
rhea, constipation), 
fatigue

Drug can be added to 
LHRH agonist/antagonist 
therapy after progres-
sion or used temporarily 
to prevent symptoms of 
tumor flare.

CYP drug interactions are 
possible.

(Continued on next page)
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Table 7-1. Hormone Therapy Agents (Continued)

Classification Drug Route/Dosing Indications Side Effects Nursing Considerations

Antiandrogens 
(cont.)

Nilutamide
(Nilandron®)

300 mg PO daily for 
30 days, then 150 
mg daily thereafter

Prostate cancer Hepatotoxicity, GI 
effects (nausea, diar-
rhea, constipation), 
fatigue, visual field 
changes, disulfiram-
like reaction

Drug can be added to LHRH 
agonist/antagonist therapy 
after progression or used 
temporarily to prevent 
symptoms of tumor flare.

CYP drug interactions are 
possible.

Aromatase inhib-
itors

Anastrozole
(Arimidex®)

1 mg PO daily Breast cancer Arthralgias/myalgias, 
decreased BMD, 
fatigue, hot flashes, 
CVD (HTN, edema, 
ischemic heart dis-
ease), hypercholester-
olemia, VTE

If adverse effects are intol-
erable, another aroma-
tase inhibitor may be 
given.

Drug is used in postmeno-
pausal patients or pre-
menopausal patients 
with ovarian ablation.

Breast cancer must be HR 
positive.

Exemestane
(Aromasin®)

25 mg PO daily Breast cancer Arthralgias/myalgias, 
decreased BMD, 
fatigue, hot flashes, 
CVD (HTN, edema, 
ischemic heart dis-
ease), hypercholester-
olemia, VTE

If adverse effects are intol-
erable, another aroma-
tase inhibitor may be 
given.

Drug is used in postmeno-
pausal patients or pre-
menopausal patients 
with ovarian ablation.

Breast cancer must be HR 
positive.

Letrozole
(Femara®)

2.5 mg PO daily Breast cancer Arthralgias/myalgias, 
decreased BMD, 
fatigue, hot flashes, 
CVD (HTN, edema, 
ischemic heart dis-
ease), hypercholester-
olemia, VTE

If adverse effects are intol-
erable, another aromatase 
inhibitor may be given.

Drug is used in postmeno-
pausal patients or pre-
menopausal patients 
with ovarian ablation.

Breast cancer must be HR 
positive.

CYP17 inhibitors Abiraterone
(Zytiga®)

1,000 mg PO daily Prostate cancer HTN, fluid retention, 
hypokalemia, transa-
minitis, hypertriglycer-
idemia, fatigue

Administer with prednisone 
5 mg twice daily to miti-
gate symptoms of miner-
alocorticoid excess.

Administer on an empty 
stomach.

CYP and P-gp drug inter-
actions are possible.

Ketoconazole
(Nizoral®)

400 mg PO 3 times 
daily

Prostate cancer Black box warnings: 
Severe hepatotoxicity, 
QTc prolongation

Diarrhea, gynecomas-
tia, fatigue, dizziness

Administer with soda or 
other acidic beverage for 
better absorption.

Administer with oral hydro-
cortisone 20 mg every 
morning and 10 mg 
every evening to simu-
late physiologic adreno-
corticoid release.

CYP and P-gp drug inter-
actions are possible.

(Continued on next page)
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Table 7-1. Hormone Therapy Agents (Continued)

Classification Drug Route/Dosing Indications Side Effects Nursing Considerations

Estrogen recep-
tor antagonists/
selective estro-
gen receptor 
downregulators

Fulvestrant
(Faslodex®)

Loading: 500 mg IM 
days 1, 15, and 29

Maintenance: 500 
mg IM every 4 
weeks

Breast cancer Injection site pain, hot 
flashes, musculoskel-
etal weakness

Each dose is administered 
as two 250 mg (5 ml) 
injections over 1–2 min-
utes.

Breast cancer must be HR 
positive.

LHRH agonists Goserelin
(Zoladex®)

3.6 mg SC every 4 
weeks

10.8 mg SC every 
12 weeks (pros-
tate only)

Breast cancer
Prostate cancer

Injection site pain, 
mood changes, hot 
flashes, decreased 
libido, musculo-
skeletal weakness, 
decreased BMD, CVD 
(QTc prolongation, 
heart failure), gyneco-
mastia (men)

Temporary tumor flare 
(bladder outlet obstruc-
tion, bone pain, neuro-
logic symptoms) may 
occur within first few 
weeks after initial dose 
secondary to initial 
increases in estradiol or 
testosterone levels.

Breast cancer must be HR 
positive.

Leuprolide
(Lupron 
Depot®, Eli-
gard®)

Breast: 3.75 mg IM 
every 4 weeks

Prostate
 • 7.5 mg SC or IM 
every 4 weeks

 • 22.5 mg SC or IM 
every 12 weeks

 • 30 mg SC or IM 
every 16 weeks

 • 45 mg SC or IM 
every 24 weeks 

Breast cancer
Prostate cancer

Injection site pain, 
mood changes, hot 
flashes, decreased 
libido, musculo-
skeletal weakness, 
decreased BMD, CVD 
(QTc prolongation, 
heart failure), gyneco-
mastia (men)

SC leuprolide (Eligard) is 
approved by the U.S. 
Food and Drug Adminis-
tration for prostate can-
cer only.

Temporary tumor flare 
(bladder outlet obstruc-
tion, bone pain, neuro-
logic symptoms) may 
occur within first few 
weeks after initial dose 
secondary to initial 
increases in estradiol or 
testosterone level.

Breast cancer must be HR 
positive.

Triptorelin
(Trelstar®)

3.75 mg IM every 4 
weeks

7.5 mg IM every 12 
weeks

11.25 mg IM every 
24 weeks

Prostate cancer Injection site pain, 
mood changes, hot 
flashes, decreased 
libido, musculo-
skeletal weakness, 
decreased BMD, CVD 
(QTc prolongation, 
heart failure), gyneco-
mastia (men)

Temporary tumor flare 
(bladder outlet obstruc-
tion, bone pain, neuro-
logic symptoms) may 
occur within first few 
weeks after initial dose 
secondary to initial 
increases in estradiol or 
testosterone levels.

LHRH antago-
nists

Degarelix
(Firmagon®)

Loading: 240 mg SC 
once

Maintenance: 80 mg 
SC every 4 weeks

Prostate cancer Injection site pain, 
mood changes, hot 
flashes, decreased 
libido, musculo-
skeletal weakness, 
decreased BMD, CVD 
(QTc prolongation, 
heart failure), gyneco-
mastia (men)

Administer immediately 
after reconstitution.

Loading dose is adminis-
tered as two 120 mg (2 
ml) injections.

Maintenance dose is 
administered as single 3 
ml injection.

(Continued on next page)
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(3) Androgen suppression early in pros-
tate cancer development effectively 
slows the growth of prostate cancer 
cells. This can be accomplished by 
bringing circulating testosterone to 
castrate levels through orchiectomy 
or a variety of medications. In the 
mid-1900s, Charles Huggins discov-
ered that orchiectomy dramatically 
decreased the progression of meta-
static prostate cancer. However, the 
development of medications that alter 
hormonal levels has led to a decline 
in orchiectomy for the treatment of 
prostate cancer (ACS, 2014; Rove & 
Crawford, 2014).

(4) Over time, men become resistant to hor-
mone therapy as prostate cancers lose 
their androgen sensitivity. This results 
in resurgence in the growth and pro-
liferation of prostate cancer cells and 
what is referred to as castration-resistant 
or hormone-refractory prostate cancer 
(Penning, 2014).

b) Breast cancer
(1) Hormone receptor (HR)-positive breast 

cancer is the most common type of 
breast cancer. It grows in response to 
action by estrogen and/or progesterone.

(2) Estrogen receptor (ER)-positive breast 
cancer accounts for approximately 

70% of all breast cancers (Lumachi, 
Brunello, Maruzzo, Basso, & Basso, 
2013).

(3) In general, the goal of hormone ther-
apy is to decrease concentrations of 
estrogens and progestins or prevent the 
interaction with their receptors; how-
ever, treatment is highly dependent on 
whether a woman is pre- or postmeno-
pausal and the HR status (American 
Society of Clinical Oncology, 2016).

c) Ovarian, endometrial, and uterine cancers
(1) Epithelial ovarian cancer is the most 

commonly diagnosed ovarian cancer 
and is usually seen in postmenopausal 
women. Although hormone replace-
ment therapy is not used to directly 
treat ovarian cancer, numerous stud-
ies suggest that it can be safely used 
to treat severe menopausal symptoms 
postoperatively and may improve over-
all survival and quality of life (Eeles et 
al., 2015; Li, Ding, & Qiu, 2015).

(2) Research exploring androgen recep-
tors, ERs, and progesterone receptors 
(PRs) as possible targets for ovarian 
cancer is ongoing (Burke et al., 2014; 
Eeles et al., 2015; Fenlon, 2015).

(3) Endometrial carcinoma is the most 
common uterine cancer, followed by 
uterine sarcoma.

Table 7-1. Hormone Therapy Agents (Continued)

Classification Drug Route/Dosing Indications Side Effects Nursing Considerations

Selective estro-
gen receptor 
modulators

Tamoxifen
(Nolvadex®)

Breast: 20 mg PO 
daily

Endometrial: 40 mg 
PO daily (one 20 
mg dose twice 
daily)

Breast cancer
Endometrial 

cancer

Black box warnings: 
Stroke, pulmonary 
embolism, uterine 
malignancies

Hyperlipidemia, BMD 
changes (increased 
in postmenopausal 
patients, decreased 
in premenopausal 
patients), hot flashes, 
mood changes

Certain SSRIs may 
reduce tamoxifen effi-
cacy. Citalopram, escita-
lopram, and venlafaxine 
are preferred in lieu of 
other SSRIs.

If adverse effects are 
intolerable, another 
selective estrogen 
receptor modulator may 
be given.

Drug can be used in pre- 
or postmenopausal 
patients.

BMD—bone mineral density; CVD—cardiovascular disease; CYP—cytochrome P450; GI—gastrointestinal; HR—hormone receptor; HTN—hypertension; 
IM—intramuscular; LHRH—luteinizing hormone–releasing hormone; P-gp—P-glycoprotein; QTc—QT interval corrected; SC—subcutaneous; SSRIs—se-
lective serotonin reuptake inhibitors; VTE—venous thromboembolism
Note. Based on information from AbbVie Inc., 2014; Actavis Pharma, Inc., 2014; Astellas Pharma US, Inc., 2016; AstraZeneca Pharmaceuticals LP, 2010, 
2015, 2016, 2017; Bristol-Myers Squibb Co., 2017; Concordia Pharmaceuticals, Inc., 2017; Fassnacht et al., 2011; Fay et al., 2014; Ferring Pharmaceuti-
cals, Inc., 2017; Janssen Pharmaceutical Companies, 2013, 2017, 2018; National Comprehensive Cancer Network, 2017, 2018a, 2018b; Novartis Pharma-
ceuticals Corp., 2014; Pfizer Inc., 2016; Tolmar Pharmaceuticals, Inc., 2016; van Slooten et al., 1984; Veytsman et al., 2009.
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(4) Progestins are commonly used as con-
servative hormone therapy in women 
who wish to preserve fertility and those 
who are poor surgical candidates. 
Additionally, some evidence suggests 
that combination therapy with tamox-
ifen and medroxyprogesterone may 
improve survival (Burke et al., 2014).

d) Adrenal cancer
(1) Adrenocortical carcinoma is rare, 

occurring mainly in adults. More than 
half of adrenocortical carcinoma symp-
toms are caused by oversecretion of 
adrenal hormones by the tumor.

(2) Although primary treatment is resec-
tion, adrenolytic antihormone therapy 
is used for unresectable or widely met-
astatic tumors (National Cancer Insti-
tute, 2018).

e) Thyroid cancer
(1) Usual treatment of thyroid cancer is 

through thyroid ablation followed by 
replacement of thyroid hormones (Fen-
lon, 2015).

(2) Although complete thyroid-stimulating 
hormone suppression has been used in 
the past to limit recurrence, emerg-
ing evidence suggests that this may be 
unnecessary, especially for those who 
have had excellent or indeterminate 
response to initial treatment (Freud-
enthal & Williams, 2017; Haugen et 
al., 2016).

f) Pituitary tumors: Removal of the pituitary 
gland results in the need to regulate and 
replace pituitary hormone for the rest of the 
individual’s life (Fenlon, 2015).

C. Hormone treatment categories
1. Luteinizing hormone–releasing hormone 

(LHRH) antagonists and agonists
a) These are primarily used to treat breast and 

prostate cancer. Mounting evidence indicates 
that giving these agents concurrently with 
radiation therapy in patients with prostate 
cancer improves overall survival in select non-
metastatic stages of disease (Juloori, Shah, 
Stephans, Vassil, & Tendulkar, 2016; Lei et 
al., 2015; Roach, 2014; Sun, Wang, Yang, & 
Ma, 2014).

b) LHRH antagonists immediately block the 
release of LHRH from the hypothalamus, 
which prevents the release of luteinizing hor-
mone (LH) and follicle-stimulating hormone 
(FSH) from the anterior pituitary gland. 

LHRH agonists produce an initial increase 
in LH and FSH, which translates to increased 
testosterone concentrations (flare). Con-
centrations gradually reach castrate levels 
within two to four weeks, as LHRH release 
slows significantly in response to downreg-
ulation of LHRH receptors in the anterior 
pituitary (Crawford & Hou, 2009; Rove & 
Crawford, 2014).

c) Symptoms of tumor flare, specifically urinary 
retention and pain, result from the increased 
growth of prostate cancer cells at active dis-
ease sites. This is prevented by adding a non-
steroidal antiandrogen. Other side effects of 
LHRH agonists include decreased bone min-
eral density, increased insulin resistance, dys-
lipidemia, increased visceral fat deposition, 
erectile dysfunction, decreased libido, neu-
rocognitive changes, and depression (Rove & 
Crawford, 2014; Thompson & Easton, 2001). 
Although a pooled analysis of studies showed 
that men receiving LHRH antagonist therapy, 
compared with LHRH agonists, had fewer uri-
nary tract infections (5% vs. 8%) and better 
progression-free survival at one year (66% vs. 
54.7%), no differences in cardiovascular or 
metabolic effects were demonstrated (Klotz 
et al., 2014). LHRH agonists and antagonists 
share a very similar side effect profile.

d) LHRH agonists work similarly when used to 
treat breast cancer. These agents also down-
regulate ovarian production of estrogen by 
preventing the release of LH. An estrogen 
flare similar to a testosterone flare occurs at 
the beginning of treatment (Fenlon, 2015). 
LHRH agonists are used in the adjuvant set-
ting for women with ER- or PR-positive pre-
menopausal breast cancer with or without 
tamoxifen to reduce recurrence and pre-
serve ovarian function (National Compre-
hensive Cancer Network® [NCCN®], 2018a).

e) NCCN guidelines for breast cancer only rec-
ommend select LHRH agonists (leuprolide, 
goserelin) for the treatment of breast can-
cer. The guidelines for prostate cancer state 
that LHRH antagonists (degarelix) and ago-
nists (leuprolide, goserelin, triptorelin) may 
be used interchangeably when androgen 
deprivation therapy is indicated (NCCN, 
2018a, 2018b).

f) Nursing implications
(1) Recent literature has shown that men 

are particularly susceptible to some 
of the cardiovascular and metabolic 
adverse effects from LHRH agonist and 
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antagonist therapy (Levine et al., 2010). 
Nurses should educate men and their 
families on the increased risk for diabe-
tes, heart attack, hypertension, weight 
gain, visceral fat deposition, loss of lean 
muscle mass, and bone fracture. Addi-
tionally, men can suffer from declines 
in psychosocial health, namely neuro-
cognitive dysfunction and depression, 
which can sometimes be exacerbated 
by erectile dysfunction, hot flashes, and 
gynecomastia.

(2) Counseling and social work services 
should be made available for the eval-
uation of psychosocial health. Referral 
for medical services should be made for 
dyslipidemia or other cardiac issues, 
impaired glucose (abnormal blood glu-
cose, increased A1c), and evaluation 
of bone mineral density, pain man-
agement, and nutrition as necessary. 
It is important to include the patient’s 
family and/or caregivers in the over-
all management plan.

(3) Women will experience menopausal 
symptoms and should be monitored 
for these. Although estrogen sup-
plementation is not recommended, 
nurses can assist women with other 
interventions to relieve symptoms. 
Metabolic syndrome and bone min-
eral density should also be regularly 
monitored.

2. Antiandrogens
a) Antiandrogens are indicated in prostate can-

cer and are used to mitigate tumor flare with 
LHRH agonist or antagonist therapy.

b) Antiandrogens are also added to LHRH ago-
nist or antagonist therapy after disease pro-
gression in a concept called combined andro-
gen blockade (CAB). Although CAB has been 
shown to achieve more complete suppres-
sion of circulating testosterone and improve 
survival, it is associated with more adverse 
events and poorer quality of life (Rove & 
Crawford, 2014).

c) Antiandrogens block the effects of testos-
terone and dihydrotestosterone at their tar-
get receptors in tissues. As a result, they do 
not reduce serum concentrations of andro-
gens and are not often used as single agents 
to treat prostate cancer (Actavis Pharma, 
Inc., 2014; AstraZeneca Pharmaceuticals LP, 
2015; Concordia Pharmaceuticals, Inc., 2017; 
NCCN, 2018b).

d) Adverse effects of antiandrogens include 
diarrhea and transaminitis. Nilutamide is 
also associated with visual field changes and 
disulfiram-like reactions. Because of the lat-
ter, patients should be educated to avoid alco-
hol consumption while on therapy (Actavis 
Pharma, Inc., 2014; AstraZeneca Pharma-
ceuticals LP, 2015; Concordia Pharmaceuti-
cals, Inc., 2017).

e) Enzalutamide, a next-generation antiandro-
gen, inhibits several steps in the androgen 
receptor signaling process and much more 
potently binds to the androgen receptor. It 
is given alone or in combination with pred-
nisone exclusively in the castration-resistant 
prostate cancer setting (Astellas Pharma 
US, Inc., 2016; Semenas, Dizeyi, & Persson,  
2013).

f) Apalutamide, another next-generation anti-
androgen, shares a mechanism similar to 
that of enzalutamide. It is approved by the 
U.S. Food and Drug Administration specif-
ically for nonmetastatic castration-resistant 
prostate cancer in combination with LHRH 
agonist/antagonist therapy or in patients who 
have undergone prior orchiectomy (Janssen 
Pharmaceutical Companies, 2017).

g) Although bicalutamide, flutamide, and nilu-
tamide can be used interchangeably in CAB 
or to minimize symptoms from tumor flare, 
bicalutamide offers better tolerance than 
nilutamide and the advantage of once-daily 
dosing (AstraZeneca Pharmaceuticals LP, 
2015).

3. CYP17 inhibitors
a) Ketoconazole and abiraterone are indi-

cated in prostate cancer after progression 
on LHRH agonist or antagonist therapy 
(Janssen Pharmaceutical Companies, 2013, 
2017). Abiraterone is more widely used in the 
castration-refractory prostate cancer setting 
(NCCN, 2018b).

b) These agents decrease extragonadal produc-
tion of androgens by inhibiting the CYP17 
enzyme. This action blocks the formation of 
DHEA from pregnenolone, thereby inhibit-
ing the synthesis of androgens. Most extrago-
nadal production of testosterone occurs in 
the adrenal glands through steroid hormone 
biosynthesis pathways for which cholesterol 
is the precursor molecule (Janssen Pharma-
ceutical Companies, 2013, 2017; Labrie, 2015; 
Sewer & Li, 2008).

c) Ketoconazole and abiraterone are associ-
ated with transaminitis and mineralocor-
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ticoid excess. Symptoms of mineralocorti-
coid excess include hyperkalemia and fluid 
retention. These agents should not be used 
in patients with New York Heart Associa-
tion class III or IV heart failure. To miti-
gate symptoms of mineralocorticoid excess 
and hypothalamus-pituitary-adrenal axis 
suppression, these agents should be given 
with low-dose oral corticosteroids (Janssen  
Pharmaceutical Companies, 2013, 2017; 
NCCN, 2018b).

4. ER antagonists/selective estrogen receptor  
downregulators
a) Fulvestrant is indicated for the treatment of 

metastatic ER-positive breast cancer alone 
or in combination with palbociclib (Astra-
Zeneca Pharmaceuticals LP, 2017; Elguero, 
Patel, & Liu, 2014).

b) Fulvestrant binds to ER and degrades it. Both 
actions render circulating estrogen unable to 
exert its effects on breast cancer cells (Astra-
Zeneca Pharmaceuticals LP, 2017; Dean, 
2007; Litsas, 2011).

c) Fulvestrant is fairly well tolerated and is occa-
sionally associated with injection site pain 
and hot flashes (AstraZeneca Pharmaceuti-
cals LP, 2017).

5. Aromatase inhibitors (AIs)
a) These agents are also used in the treatment 

of ER-positive breast cancer in pre- and post-
menopausal women (Nourmoussavi et al., 
2017).

b) In premenopausal women, concomitant ovar-
ian ablation with LHRH agonist therapy is 
recommended in the adjuvant, recurrent, or 
metastatic settings (Gradishar et al., 2015; 
NCCN, 2018a; Nourmoussavi et al., 2017).

c) AIs are also used to treat ER-positive breast 
cancer in men. Therapy in men should be 
guided by treatment recommendations for AIs 
in postmenopausal women (Maugeri-Saccà et 
al., 2014; NCCN, 2018a; Zagouri et al., 2015).

d) AIs are classified as steroidal (type 1) or 
nonsteroidal (type 2) and inhibit the con-
version of aromatase, which is the enzyme 
that converts androgens to estrogen. Steroi-
dal AIs bind aromatase irreversibly. They 
inhibit the enzyme by binding covalently 
to the site of aromatase. Nonsteroidal AIs 
(e.g., anastrozole, letrozole) bind reversibly 
(Ahmad et al., 2015; Dean, 2007). The block-
ade of aromatase is dependent on the con-
tinuous presence of the inhibitor, and aro-
matase will begin to release in its absence 
(Ahmad et al., 2015).

e) Adverse effects of these agents include meno-
pausal symptoms, decreased bone mineral 
density, and musculoskeletal disorders (Dean, 
2007). AIs can also be used for treatment of 
selected stages of endometrial cancer (Gao, 
Wang, Tian, Zhu, & Xue, 2014).

6. Selective estrogen receptor modulators (SERMs)
a) These drugs are used to treat ER-positive 

breast cancer and endometrial cancer. SERMs 
have both estrogenic and antiestrogen prop-
erties (Fenlon, 2015) and are tissue specific 
(Komm & Mirkin, 2014).

b) SERMs downregulate and block ERs to vary-
ing degrees in different tissues (Komm & 
Mirkin, 2014). In addition to breast cancer, 
SERMs can be used to treat osteoporosis 
and menopausal symptoms (Komm & Mir-
kin, 2014).

c) SERMs have been associated with increased 
risk of deep vein thrombosis or pulmonary 
embolism (Adomaityte, Farooq, & Qayyum, 
2008). They have also been associated with 
development of uterine malignancies, hyper-
lipidemia, and menopausal symptoms (Astra-
Zeneca Pharmaceuticals LP, 2016; Dean, 
2007; Komm & Mirkin, 2014; Nourmous-
savi et al., 2017).

d) SERMs can be used in men and pre- or post-
menopausal women in the adjuvant, recur-
rent, or metastatic breast cancer settings. 
The duration of therapy with SERMs in 
the adjuvant setting is highly dependent on 
menopausal status and whether a patient 
has been treated with an AI. Generally, 
treatment lasts 5–10 years, and within that 
time frame, patients can be transitioned to 
or from AI therapy based on menopausal 
status and tolerance (Early Breast Cancer  
Trialists Collaborative Group, 2015; Komm & 
Mirkin, 2014; Mirkin & Pickar, 2015; NCCN, 
2018a). Third- and fourth-generation SERMs 
are being explored to prevent breast cancer 
in high-risk women (Komm & Mirkin, 2014; 
Li et al., 2015).

e) Nursing implications
(1) Blocking or eliminating estrogen will 

cause premature menopause in pre-
menopausal women and heightened 
or renewed symptoms in postmeno-
pausal women.

(2) SERMs may put women at higher risk 
for endometrial cancer and deep vein 
thrombosis. Adherence is challenging 
for patients on AIs and SERMs because 
of the discomfort of symptoms, such as 
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hot flashes, cognitive changes, fatigue, 
myalgias and arthralgias, and physical 
changes (Huober et al., 2014; Lombard 
et al., 2016).

(3) Nurses can provide education and sup-
port to women undergoing this treat-
ment. Additionally, some women bene-
fit from participation in support groups 
with other women.

7. Adrenolytics
a) Drug therapy with mitotane is indicated in 

unresectable or metastatic adrenocortical 
cancer or as adjuvant treatment following 
complete resection.

b) Although its mechanism has not entirely been 
elucidated, mitotane acts within the adre-
nal cortex as a cytotoxic agent. As a result, it 
affects malignant and nonmalignant adre-
nocortical tissues.

c) Mitotane is associated with nausea, vomiting, 
diarrhea, ataxia, amnesia, confusion, and 
suppression of hormones synthesized and 
released from the adrenal cortex (i.e., corti-
costeroids) (Bristol-Myers Squibb Co., 2017).

d) Nursing implications
(1) Both therapeutic and toxic effects are 

correlated with plasma concentration, 
requiring close monitoring and sup-
portive management of adverse effects 
with the use of hydrocortisone, anti-
emetics, and antidiarrheals.

(2) Thyroid and androgen supplementa-
tion may also be necessary. Serum hor-
mone concentrations should be assessed 
at least every three months in patients 
receiving mitotane. Patients should be 
educated about adherence to mitotane 
therapeutic drug monitoring and other 
follow-up to limit the risk of drug dis-
continuation due to toxicity (Kerkhofs, 
Ettaieb, Hermsen, & Haak, 2015).
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CHAPTER 8

Targeted Therapy

A. Targeted therapies in the treatment of cancer
1. Molecularly targeted anticancer agents selec-

tively target molecular pathways, as opposed to 
traditional cytotoxic chemotherapy agents that 
target DNA, tubulin, or cell division machinery 
(Parulekar & Eisenhauer, 2004).
a) A growing number of unique molecular tar-

gets have been identified within cancer cells, 
resulting in the discovery of novel agents, 
many of which are oral.

b) The oral route allows for continuous admin-
istration of lower doses of agents, which may 
be primarily cytostatic in nature, versus tra-
ditional cytotoxic agents for which episodic 
delivery allows for bone marrow recovery 
(Weingart et al., 2008).

c) See Table 8-1 for a list of targeted therapies. 
Agents that target primarily immune path-
ways (e.g., cytotoxic T-lymphocyte antigen 4)  
and extracellular molecular markers (e.g., 
CD20) are discussed in Chapter 10.

2. Tyrosine kinase inhibitors (TKIs): Tyrosine 
kinases direct many cellular functions, includ-
ing cell signaling, growth, and division. These 
enzymes may be overly active in some cancer 
cells, and inhibition of them may stop cancer 
cell growth (National Cancer Institute, n.d.). 
See Figure 8-1 for a diagram of the basic prin-
ciples of tyrosine kinases and Figure 8-2 for a 
depiction of epidermal growth factor receptor 
(EGFR) and vascular endothelial growth factor 
receptor pathways. When a TKI is introduced 
within these pathways, the enhanced activity is 
inhibited, leading to decreased cell proliferation 
(Simmons, 2012).

3. Agents by primary molecular target
a) Anaplastic lymphoma kinase (ALK) inhib-

itors: The fusion between echinoderm 
microtubule-associated protein-like 4 
(EML4) and ALK is an oncogene present in 
3%–5% of patients with non-small cell lung 
cancer, most commonly younger patients, 
never- or light-smokers with adenocarci-

noma, and those without EGFR and KRAS 
mutations. EML4 is essential for microtu-
bule formation. ALK belongs to the family 
of insulin receptor kinases. The fusion point 
for EML4 and ALK is variable; however, all 
lead to ALK phosphorylation and activation 
of RAS/RAF/MEK, PI3K-mTOR, and JAK/
STAT pathways. Inhibition of ALK can vary 
based on the fusion variant (Karachaliou et 
al., 2017). Examples: alectinib, brigatinib, 
ceritinib, crizotinib.

b) BCR-ABL tyrosine kinase inhibitors: The 
BCR-ABL protein has the ability to develop 
into a mutant form that is resistant to some 
formulations of BCR-ABL TKIs. Patients tak-
ing these medications for chronic myeloid 
leukemia require long-term therapy. Data 
demonstrate the need for adherence mon-
itoring, as patients who are adherent have 
better early response and/or long-term out-
comes (Cuellar, Vozniak, Rhodes, Forcello, 
& Olszta, 2018). Examples: imatinib, bosuti-
nib, dasatinib, nilotinib, ponatinib.

c) BRAF V600E mutation inhibitors and MEK 
inhibitors: The mitogen-activated protein 
(MAP) kinase signaling pathway mediates 
cell proliferation and differentiation. When 
BRAF is mutated, this leads to constitutive 
activation of signaling via this pathway. The 
BRAF V600E mutation is present in 40%–60% 
of melanomas. Inhibition of BRAF and MEK 
in patients with this mutation in metastatic 
melanoma has improved progression-free 
survival and overall survival (Devji, Levine, 
Neupane, Beyene, & Xie, 2017). Examples: 
dabrafenib, vemurafenib (BRAF inhibitors); 
cobimetinib, trametinib (MEK inhibitors).

d) B-cell receptor pathway inhibitors: A normal 
B cell is activated when an antigen binds to 
member receptors, leading to activation of 
two main pathways, Bruton tyrosine kinase 
(BTK) and phosphoinositide 3-kinase (PI3K). 
These ultimately lead to stimulation of the 
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growth and survival of B cells and mediate 
B-cell migration and trafficking (Aw & Brown, 
2017). Inhibition of these pathways in B-cell 
malignancies leads to decreased cell prolif-
eration. Examples: acalabrutinib, ibrutinib 
(BTK inhibitors); idelalisib (PI3Kδ inhibitor).

e) CDK inhibitors: D-type cyclins (D1, D2, 
and D3) are overexpressed in some can-
cers, leading to activation of CDK. Inhi-
bition of cyclin D3 and CDK6 complexes 
leads to accumulation of reactive oxygen 
species and subsequent apoptosis (Wang et 
al., 2017). Examples: abemaciclib, palboci-
clib, ribociclib.

f) EGFR inhibitors: Activation of EGFR leads 
to tyrosine phosphorylation and activation 
of multiple downstream pathways, includ-
ing MAP kinase, PI3K/AKT, and JAK/STAT. 
Alterations of EGFR signaling in carcinomas 
lead to tumorigenesis, proliferation, survival, 
and angiogenesis. TKIs inhibit this pathway 
by binding to the adenosine triphosphate–
binding pocket of the intracellular kinase 
domain. Mutations to this binding site are 
believed to lead to tumor resistance to these 
agents (Neal & Sequist, 2011). Examples: afa-
tinib, erlotinib, gefitinib, lapatinib, osimer-
tinib, vandetanib.

g) Epigenetic mechanisms
(1) These include DNA methylation, his-

tone modifications, and noncoding 
RNA deregulation (Eckschlager, Plch, 
Stiborova, & Hrabeta, 2017).

(2) Histone deacetylase (HDAC) inhib-
itors: Different HDAC enzymes are 
expressed in different malignancy 
types, leading specific HDAC inhibi-
tors to work in specific tumor types. 
Histones are modified by acetylation to 
play a role in gene expression via epi-
genetic regulation. This mechanism 
controls transcription of approximately 
2%–10% of genes (Eckschlager et al., 

2017). Examples: belinostat, panobino-
stat, romidepsin, vorinostat.

h) FMS-like tyrosine kinase 3 (FLT3) inhibi-
tors: FLT3 is a tyrosine kinase receptor that 
plays a critical role in normal hematopoiesis. 
This is the most frequently mutated gene in 
acute myeloid leukemia; the presence of an 
FLT3–internal tandem duplication (known as 
FLT3-ITD) mutation adversely affects progno-
sis for patients (Hospital et al., 2017). Exam-
ples: midostaurin, sorafenib.

i) Hedgehog pathway inhibitors: The Hedgehog 
pathway is critical for embryonic and stem cell 
development. This pathway includes multi-
ple potential targets for inhibition, including 
SMO, PTCH1, and others. Ultimately, activa-
tion of this pathway leads to cell fate determi-
nants of tissue patterning, cell proliferation, 
and cell survival regulators—all of which 
are regulated by components acting in pos-
itive or negative feedback loops. This path-
way plays a role in a multitude of cancer types 
(Wu, Zhang, Sun, McMahon, & Wang, 2017). 
Examples: sonidegib, vismodegib.

j) Janus kinase-2 (JAK2) inhibitors: The JAK2 
V617F mutation is present in 95% of patients 
with polycythemia vera, 65% of patients with 
myelofibrosis, and 55% of patients with essen-
tial thrombocythemia. This mutation leads 
to the activation of JAK2 signaling. JAK2 sig-
naling is also required for normal hematopoi-
etic stem cell function. Therefore, ideal tar-
gets will be for only JAK2 V617F mutations. 
Non–mutation-specific inhibitors exhibit  
cytopenias as the primary toxicity and the 
most common reason for treatment discon-
tinuation (Hobbs, Rozelle, & Mullally, 2017). 
Examples: ruxolitinib, tofacitinib.

k) Mammalian target of rapamycin (mTOR) 
kinase inhibitors: The PI3K/AKT/mTOR 
pathway regulates cellular growth and sur-
vival; deregulation of this pathway is associ-
ated with a high risk of poor-prognosis can-

Figure 8-1. Basic Principles of Tyrosine Kinases

Metabolic property in  
cancer cell that is not present in 

healthy cells
Example: Philadelphia  
chromosome in chronic  

myeloid leukemia

Tyrosine kinase mutant with 
enhanced activity Cell proliferation

In cancer cells, a metabolic property is present that is not present in healthy cells. This property thus leads to enhanced activity of vari-
ous pathways associated with cellular growth and proliferation.
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cers. The activation of mTOR is a convergence 
point leading to phosphorylation events that 
ultimately result in cell growth and prolifer-
ation, angiogenesis, and prevention of apop-
tosis (Chen, Doyle, Takebe, Timmer, & Ivy, 
2011). Examples: everolimus, temsirolimus.

l) Mediators of apoptosis Bcl-2: The Bcl-2 fam-
ily of proteins consists of both antiapoptotic 
and proapoptotic proteins. This network reg-
ulates the mitochondrial apoptotic response, 
allowing for reaction to stimuli and prevent-
ing unwanted cell death in normal cell func-
tioning. Overexpression of antiapoptotic 
Bcl-2 family proteins occurs via a variety of 
mechanisms in many different tumor types. 
Conversely, decreased expression of pro-
apoptotic Bcl-2 family proteins also facilitates 
tumor formation and growth (Hata, Engel-
man, & Faber, 2015). Example: venetoclax.

m) Poly(ADP-ribose) polymerase (PARP) inhib-
itors: PARP allows for base excision repair of 
DNA in the case of single-strand DNA breaks. 
In the absence of PARP, these single-strand 
breaks progress to double-strand breaks, 
which may be poorly repaired, especially in 
tumors with mutations in BRCA1 or BRCA2 
(del Rivero & Kohn, 2017). Examples: olapa-
rib, rucaparib.

n) Proteasome inhibitors: The ubiquitin- 
proteasome pathway regulates fundamental 
processes, including apoptosis, cell growth 
and proliferation, DNA repair, unfolded pro-
tein response, and immune response. The 
proteasome is composed of two structures, 
the 20S proteasome and the 19S regulatory 
subunit. They form a complex referred to 
as a 26S proteasome (Espinoza-Delgado, 
Chiaramonte, Swerdlow, & Wright, 2011). 

Figure 8-2. Epidermal Growth Factor Receptor and Vascular Endothelial Growth Factor Receptor Pathways

Examples of targeted pathways. In these pathways, the extracellular receptor is activated, leading to a cascade of events resulting in 
enhanced gene expression, cell proliferation, cell survival, and migration.

EGFR—epidermal growth factor receptor; VEGFR—vascular endothelial growth factor receptor
Note. From “Growth Factor Receptors and Apoptosis Regulators: Signaling Pathways, Prognosis, Chemosensitivity and Treatment Outcomes of Breast 
Cancer,” by S. Sarkar and M. Mandal, 2009, Breast Cancer: Basic and Clinical Research, 3, p. 52. Copyright 2009 by The Authors, licensee Libertas Aca-
demia Ltd.; distributed under CC BY 2.0 (http://www.creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction, 
provided the original work is properly cited.

http://www.creativecommons.org/licenses/by/2.0
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Second-generation agents in this class (carfil-
zomib, ixazomib) attempt to overcome resis-
tance mechanisms and increase tolerability, 
particularly with respect to peripheral neu-
ropathy (Schlafer, Shah, Panjic, & Lonial, 
2017). Examples: bortezomib, carfilzomib 
(parenteral); ixazomib (oral).

o) Thrombopoietin (TPO) receptor agonists: 
TPO is the key cytokine that stimulates platelet 
production. First-generation peptide-based 
TPO agonists were associated with develop-
ment of antibodies. Second-generation TPO 
mimetics have been developed to avoid this 
antibody production. These agents bind to 
the TPO receptor to stimulate pathways for 
platelet production, including JAK2/STAT 
(Rodeghiero & Carli, 2017). Examples: romip-
lostim (parenteral); eltrombopag (oral).

p) Vascular endothelial growth factor (VEGF) 
inhibitors: The VEGF pathway is an essential 
component of angiogenesis, the recruitment 
of new blood vessels to a tumor as it grows. 
Tumor hypoxia induces VEGF expression. 
While normal tissues lack angiogenesis, sig-
nificant toxicities have been noted with VEGF 
pathway inhibitors, potentially as a result of 
off-target effects in the normal vasculature 
(Wisinkski & Gradishar, 2011). Examples: 
axitinib, lenvatinib, pazopanib, sorafenib, 
sunitinib, ziv-aflibercept.

q) Multiple kinase targets: These agents target 
multiple kinase pathways, leading to altera-
tions in cell proliferation. The exact primary 
target is unknown. Examples: cabozantinib, 
regorafenib.

B. Adverse effects of targeted therapies
1. In contrast to cytotoxic agents, targeted ther-

apies interfere with specific pathways in can-
cer cells, with little or no effect on normal tis-
sues. Consequently, they have a nontraditional 
side effect profile compared to cytotoxic agents 
(Priestman, 2012).

2. Table 8-1 and Figure 8-3 include notable side 
effects for the different targeted agents. These 
include acneform rash, cardiotoxicity, hepato-
toxicity, hypertension, metabolic abnormali-
ties (hyperglycemia, hyperlipidemia), and oth-
ers as noted.

C. Drug–drug interactions
1. Cytochrome P450 (CYP) enzymes are expressed 

primarily in the liver and are responsible for the 
metabolism of drugs. Although more than 50 of 
these enzymes exist, 6 of them metabolize 90% 

of drugs (CYP1A2, CYP2C9, CYP2C19, CYP2D6, 
CYP3A4, and CYP3A5).

2. Drugs can inhibit or induce these enzymes, lead-
ing to drug–drug interactions. The clinical out-
come of these interactions can be adverse reac-
tions or therapeutic failures from over- or under-
exposure to the intended medication. For exam-
ple, ritonavir is a strong inhibitor of CYP3A4. 
When a drug that is metabolized by CYP3A4 is 
administered with ritonavir, patients experience 
decreased metabolism and overexposure to that 
drug (Lynch & Price, 2017).

3. Many TKIs undergo metabolism via CYP path-
ways, leading to a high propensity for drug–
drug interactions. Table 8-1 includes specifics 
to avoid interactions.

Figure 8-3. Potential Side Effects and Toxicities of 
Targeted Therapy by System

Ocular
Keratitis
Conjunctivitis
Vision changes

Integumentary
Alopecia
Nail changes
Pigment changes
Rash
Photosensitivity

Hepatic
Elevated LFTs
Jaundice

Gastrointestinal
Nausea
Vomiting
Anorexia
Diarrhea
Constipation
Mucositis
GI fistula/ 

perforation

Hematologic
Neutropenia
Thrombocytopenia
Anemia

Neurologic
Encephalopathy
Peripheral neuropathies
Seizures
Cognitive changes

Pulmonary
Pneumonitis
Pulmonary fibrosis
Pulmonary edema
Bronchospasm

Cardiac
Dysrhythmias
Myocardial toxicity
Hyper/hypotension
Pericardial effusion
QT prolongation

Renal
Nephritis
SIADH
Electrolyte  

abnormalities
Acute kidney injury

Pancreatic
Pancreatitis

Musculoskeletal
Arthralgias
Muscle cramps

General
Fatigue
Thrombosis

GI—gastrointestinal; LFTs—liver function tests; SIADH—syndrome of 
inappropriate antidiuretic hormone secretion
Note. Image courtesy of University of Texas MD Anderson Cancer Cen-
ter. Used with permission.
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Table 8-1. Targeted Therapies

Drug
Mechanism

of Action Route Indications Side Effects Nursing Considerations

Abemaciclib 
(Verzenio™)

Inhibits cyclin- 
dependent kinases 
4 and 6 (CDK4 and 
CDK6), which pro-
mote cell cycle pro-
gression and cell 
proliferation, leading 
to apoptosis

PO In combination with fulvestrant for 
HR-positive, HER2-negative  
advanced or metastatic 
breast cancer in patients with 
disease progression following 
endocrine therapy

Monotherapy for HR-positive, 
HER2-negative advanced or 
metastatic breast cancer in 
patients with disease progres-
sion following endocrine ther-
apy and prior chemotherapy 
in the metastatic setting 

Diarrhea, hepatotoxicity, 
venous thromboembo-
lism, neutropenia, nausea, 
abdominal pain, infections, 
fatigue, anemia, leukope-
nia, decreased appetite, 
vomiting, headache, throm-
bocytopenia 

Patients should take twice daily with or without food at approx-
imately the same time each day. If patients vomit or miss a 
dose, they should take the next dose at its scheduled time.

Patients should swallow tablets whole and not chew, crush, or 
split them or take tablets that are broken, cracked, or other-
wise not intact.

Dosing varies if given as monotherapy or in combination with 
fulvestrant.

Concomitant use with CYP3A4/5 inhibitors, including grape-
fruit juice, or inducers may alter exposure to abemaciclib and 
should be avoided.

Dose modifications are required in severe hepatic impairment.
Dose modifications are required based on the severity of the 

adverse reaction.
At the first sign of a loose stool, patients should start antidi-

arrheal therapy (e.g., loperamide), increase oral fluids, and 
notify their healthcare provider for further instructions.

Women of reproductive potential should use contraception dur-
ing treatment and for 3 weeks following completion of therapy.

(Eli Lilly and Company, 2017)

Acalabrutinib 
(Calquence®)

Inhibits Bruton  
tyrosine kinase, 
which is a signal-
ing molecule of the 
B-cell antigen recep-
tor, leading to inhi-
bition of malignant 
B-cell proliferation

PO Mantle cell lymphoma after at 
least 1 prior therapy 

Hemorrhage, infections, ane-
mia, neutropenia, thrombo-
cytopenia, second primary 
malignancies, atrial fibrilla-
tion and flutter, headache, 
diarrhea, fatigue, myalgia, 
bruising

Patients should take every 12 hours, swallowing whole with 
water, with or without food.

Capsules should not be chewed, broken, or opened.
If patients miss a dose by more than 3 hours, they should skip 

it and take the next dose at its regular time. They should not 
make up missed doses.

Concomitant use with CYP3A4/5 inhibitors, including grape-
fruit juice, or inducers may alter exposure to acalabrutinib and 
should be avoided. Avoid coadministration with PPIs. Stagger 
dosing with H2 antagonists and antacids by at least 2 hours.

Advise patients to use sun protection.
(AstraZeneca Pharmaceuticals LP, 2017a)

(Continued on next page)
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Drug
Mechanism  

of Action Route Indications Side Effects Nursing Considerations

Afatinib  
(Gilotrif®)

Binds to the tyro-
sine kinase domain 
of EGFR, HER2, 
and HER4, leading 
to inhibition of auto-
phosphorylation and 
downregulation of 
signaling pathways

PO Metastatic NSCLC in patients 
whose tumors have EGFR 
exon 19 deletions or exon 21 
(L858R) substitution muta-
tions

Metastatic squamous NSCLC 
progressing after platinum-
based chemotherapy

Diarrhea, cutaneous reac-
tions, rash, acneform der-
matitis, ILD, hepatotoxic-
ity, ventricular dysfunction, 
keratitis, stomatitis, paro-
nychia, dry skin, decreased 
appetite, nausea, vomiting, 
pruritus

Patients should take at least 1 hour before or 2 hours after a 
meal once daily. They should not take a missed dose within 
12 hours of the next dose.

Concomitant use with P-gp inhibitors or inducers may alter 
exposure to afatinib and should be avoided. If concomitant 
use cannot be avoided, dose adjustment of afatinib should be 
made.

Dose modifications are required in severe renal impairment.
Diarrhea may be severe enough to lead to dehydration and 

renal failure. Patients should take an antidiarrheal agent (e.g., 
loperamide) at the onset of diarrhea until loose bowel move-
ments cease for 12 hours.

Contact lens use increases the risk of keratitis and ulceration.
Advise patients to minimize sun exposure and use broad- 

spectrum sunscreen.
(Boehringer Ingelheim Pharmaceuticals, Inc., 2016)

Alectinib 
(Alecensa®)

TKI that targets 
ALK and RET to 
decrease tumor 
cell viability in cell 
lines harboring ALK 
fusions, amplifica-
tions, or activating 
mutations 

PO ALK-positive, metastatic 
NSCLC in patients who have 
progressed on or are intoler-
ant to crizotinib

Hepatotoxicity (elevated AST, 
ALT, or bilirubin), ILD, bra-
dycardia, myalgia, CPK 
elevation, fatigue, constipa-
tion, edema

Patients should take every 12 hours with food.
Do not open or dissolve contents of the capsule.
If patients miss or vomit a dose, they should take the next dose 

at the scheduled time.
Monitor heart rate and blood pressure regularly. Advise patients 

to report any changes in heart or blood pressure medication.
Advise patients to minimize sun exposure and use broad- 

spectrum sunscreen during treatment and for at least 7 days 
after discontinuation.

Women of reproductive potential should use contraception dur-
ing treatment and for 1 week following completion of ther-
apy. Men should use contraception during treatment and for 3 
months following completion of therapy.

(Genentech, Inc., 2016a)

(Continued on next page)
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Table 8-1. Targeted Therapies (Continued)

Drug
Mechanism  

of Action Route Indications Side Effects Nursing Considerations

Axitinib 
(Inlyta®)

Inhibits tyrosine 
kinases, including 
VEGFRs, leading to 
interferences with 
tumor angiogene-
sis, growth, and pro-
gression

PO Advanced RCC after failure of 
1 prior systemic therapy

Hypertension including 
hypertensive crisis, arterial 
and venous thromboembo-
lism, hemorrhage, GI per-
foration, GI fistula forma-
tion, hypothyroidism, pro-
teinuria, elevated LFTs, 
cardiac failure, RPLS, diar-
rhea, fatigue, decreased 
appetite, nausea, dyspho-
nia, hand-foot syndrome, 
weight loss, vomiting, 
asthenia, constipation

Patients should take every 12 hours, swallowing whole with a 
glass of water, with or without food.

Concomitant use with CYP3A4/5 inhibitors, including grapefruit 
juice, or inducers may alter exposure to axitinib and should 
be avoided.

If patients have moderate hepatic impairment, the dose should 
be adjusted. No data are available for severe hepatic impair-
ment.

Dosing should be held beginning at least 24 hours before sur-
gery because of risk of impaired wound healing. Time to 
restart therapy is based on clinical judgment.

Do not use in patients with untreated brain metastasis or recent 
active GI bleeding because of risk of hemorrhage.

(Pfizer Inc., 2014)

Belinostat 
(Beleodaq®)

Inhibits HDAC, 
causing accumu-
lation of acetylated 
histones and other 
proteins, leading to 
cell cycle arrest and 
apoptosis of trans-
formed cells

IV Relapsed or refractory periph-
eral T-cell lymphoma

Thrombocytopenia, leuko-
penia (neutropenia and 
lymphopenia), anemia, 
infections (e.g., pneumo-
nia, sepsis), hepatotoxic-
ity, TLS, nausea, fatigue, 
pyrexia, vomiting

Infuse IV over 30 minutes with a 0.22 mcm in-line filter. If infu-
sion pain or other symptoms potentially attributable to the 
infusion occur, infusion time may be extended to 45 minutes.

The infusion bag with drug solution may be stored at room tem-
perature for up to 36 hours, including infusion time.

Avoid concomitant administration with strong inhibitors of 
UGT1A1.

Avoid use in patients with moderate or severe hepatic dysfunc-
tion and severe renal dysfunction.

Dose adjustments for hematologic toxicity should be based on 
the nadir counts in the preceding cycle. ANC and platelets 
should recover prior to starting the subsequent cycle.

(Spectrum Pharmaceuticals, Inc., 2017)

(Continued on next page)
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Drug
Mechanism  

of Action Route Indications Side Effects Nursing Considerations

Bortezomib 
(Velcade®)

Inhibits chymo-
trypsin-like activ-
ity of 26S protea-
some, resulting in 
disruption of cellular 
homeostatic mecha-
nisms that can lead 
to cell death

IV, 
SC

Multiple myeloma
Mantle cell lymphoma

Peripheral neuropathy, neu-
ralgia, hypotension, cardiac 
failure, pulmonary toxic-
ity, nausea, vomiting, diar-
rhea, constipation, fatigue, 
thrombocytopenia, neutro-
penia, RPLS, TLS, hep-
atotoxicity, rash, pyrexia, 
anorexia

For IV administration, a 3- to 5-second bolus IV injection is 
used.

For SC injection, the administration site should be rotated in the 
thigh or abdomen. Select new site at least 1 inch from old site 
and avoid tender or bruised areas.

Drug is fatal if given intrathecally.
Reconstitute only with NS. Use reconstituted solution within 8 

hours. Concentrations of SC (2.5 mg/ml) and IV (1 mg/ml) 
doses are different, and final volume depends on calculated 
dose.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to bortezomib. Patients 
on an oral antidiabetic agent require close monitoring of their 
blood glucose and may need adjustment of their antidiabetic 
medication.

If patients have moderate or severe hepatic impairment, dosing 
should be adjusted.

Monitor hydration status and treat as necessary.
Prior to starting each cycle, platelets, ANC, and hemoglobin 

should be assessed for potential dose adjustment.
(Millennium Pharmaceuticals, Inc., 2017)

Bosutinib 
(Bosulif®)

Inhibits BCR-ABL 
tyrosine kinase cre-
ated by the Ph+ 
genetic abnormal-
ity, inhibiting prolif-
eration, and induces 
apoptosis in BCR-
ABL+ cell lines

PO Ph+ CML in chronic phase
Chronic, accelerated, or blast 

phase Ph+ CML that is resis-
tant or intolerant to other ther-
apies

Diarrhea, nausea, vomiting, 
abdominal pain, thrombo-
cytopenia, anemia, hepato-
toxicity, fluid retention pre-
senting as pericardial effu-
sion, pulmonary edema, 
peripheral edema, rash, 
respiratory tract infections, 
pyrexia, fatigue, cough, 
headache

Patients should take daily with food.
Do not crush or cut tablets.
If patients miss a dose beyond 12 hours, they should skip the 

dose and take the usual dose on the following day.
Concomitant use with CYP3A4 inhibitors, including grapefruit 

juice, or inducers may alter exposure to bosutinib.
Use of proton pump inhibitors may reduce bosutinib concentra-

tion and is not recommended. Use of antacids or H2 antag-
onists should be separated from bosutinib administration by 
more than 2 hours.

Monitor liver transaminases and hold dose if elevations > 5 × 
ULN occur. Discontinue if bilirubin elevations > 2 × ULN or 
alkaline phosphatase elevations occur.

Hold dosing and adjust dose if severe or persistent thrombo-
cytopenia or neutropenia occurs. Hold dosing if other clini-
cally significant moderate or severe nonhematologic toxicities 
occur, then restart once symptoms abate.

(Pfizer Inc., 2017a)
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Brigatinib 
(Alunbrig®)

Multikinase inhibi-
tor that targets ALK, 
IGF-1R, FLT3, and 
ROS1, which inhib-
its subsequent 
downstream signal-
ing proteins

PO ALK-positive metastatic NSCLC 
in patients who have pro-
gressed on or are intolerant 
to crizotinib

ILD/pneumonitis, hyperten-
sion, bradycardia, visual 
disturbance, CPK eleva-
tion, pancreatic enzyme 
elevation, hyperglycemia

Patients should take once daily with or without food. Tablets 
should be taken whole and not crushed or chewed.

Dose should be increased on day 7 if tolerated. If brigatinib 
therapy is interrupted for 14 days or longer, resume treatment 
at lower starting dose.

If patients miss or vomit a dose, they should skip the dose and 
take the usual dose the following day.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to brigatinib.

Dose modifications are required based on the severity of the 
adverse reaction. Discontinue in patients unable to tolerate 
60 mg daily.

Hormonal contraceptives may be ineffective because of 
decreased exposure when used concurrently with brigatinib.

Women of reproductive potential should use contraception dur-
ing treatment and for 4 months following completion of ther-
apy. Men should use contraception during treatment and for 3 
months following completion of therapy.

(Takeda Pharmaceuticals Co., 2017)

Cabozantinib 
(Cometriq® 
[capsules]; 
Cabometyx® 
[tablets])

Inhibits tyrosine 
kinase activity of 
multiple receptor 
kinases involved 
with oncogenesis, 
metastasis, tumor 
angiogenesis, and 
maintenance of the 
tumor microenviron-
ment

PO Capsules: Progressive, meta-
static, medullary thyroid can-
cer

Tablets: Advanced RCC in 
patients who have received 
prior antiangiogenic therapy

Black box: Perforations and 
fistulas, hemorrhage

Thrombotic events (e.g., 
myocardial infarction, cere-
bral infarction), wound 
complications, hyperten-
sion, osteonecrosis of the 
jaw, hand-foot syndrome, 
proteinuria, RPLS, diar-
rhea, stomatitis, weight 
loss, decreased appetite, 
nausea, fatigue, oral pain, 
hair color changes, dys-
geusia, abdominal pain, 
constipation; increased 
AST, ALT, and alkaline 
phosphatase; lymphopenia, 
hypocalcemia, neutropenia, 
thrombocytopenia, hypo-
phosphatemia, hyperbiliru-
binemia

DO NOT substitute capsules for tablets or vice versa.
Patients should take once daily. Drug should not be taken with 

food. Patients should not eat at least 2 hours before and 1 
hour after taking cabozantinib.

Capsules should be swallowed whole and not opened.
Missed doses should not be taken within 12 hours of the next 

dose.
Concomitant use with CYP3A4 inhibitors, including grapefruit 

juice, or inducers and MRP2 inhibitors may alter exposure to 
cabozantinib.

Dose adjustments are required in patients with hepatic impair-
ment.

Dose modifications are required based on the severity of the 
adverse reaction. Discontinue in patients unable to tolerate 
60 mg daily (thyroid cancer) or 20 mg daily (RCC).

Treatment with cabozantinib should be held at least 28 days 
prior to scheduled surgery, including dental surgery, and 
resumed based on clinical assessment of wound healing.

Women of reproductive potential should use contraception dur-
ing treatment and for 4 months following completion of ther-
apy.

(Exelixis, Inc., 2016a, 2016b)
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Carfilzomib 
(Kyprolis®)

Binds to and inhib-
its the 20S protea-
some, resulting in 
antiproliferative and 
antiapoptotic activ-
ities

IV In combination with dexa-
methasone or lenalidomide 
plus dexamethasone for 
relapsed or refractory multi-
ple myeloma in patients who 
have received 1–3 prior lines 
of therapy

Single agent for relapsed or 
refractory multiple myeloma in 
patients who have received at 
least 1 prior line of therapy

Cardiac failure or ischemia, 
acute renal failure, TLS, 
pulmonary toxicity (acute 
respiratory distress syn-
drome, acute respiratory 
failure, acute diffuse infil-
trative pulmonary dis-
ease), pulmonary hyper-
tension, dyspnea, hyper-
tension including hyperten-
sive crisis, venous throm-
boembolism, infusion reac-
tions, hemorrhage, throm-
bocytopenia, anemia, hep-
atotoxicity and hepatic fail-
ure, thrombotic microangi-
opathy, RPLS, fatigue, nau-
sea, pyrexia, dyspnea, diar-
rhea, headache, cough, 
peripheral edema, insom-
nia, muscle spasm, upper 
respiratory tract infection, 
hypokalemia

Administer IV over 10 minutes or 30 minutes depending on the 
dosage regimen. If patient’s body surface area exceeds 2.2 
m2, calculate the dose based on a body surface area of 2.2 
m2.

Give patients hydration prior to and following administration as 
needed. Recommended hydration includes oral fluids (30 ml/
kg at least 48 hours before cycle 1, day 1) and IV fluids (250–
500 ml of appropriate fluid).

Premedicate with dexamethasone PO/IV prior to each dose 
during the first cycle and in subsequent cycles if infusion 
reactions occur. Premedication should be given at least 30 
minutes, but no more than 4 hours, prior to all doses.

Do not administer mixed with other IV medications. Infusion line 
should be flushed with NS or D5W before and after adminis-
tration of carfilzomib.

Store unopened vials in refrigerator. Reconstituted product is 
stable for 24 hours under refrigeration or 4 hours at room 
temperature.

Adjust dose for mild or moderate hepatic impairment.
Antiviral prophylaxis should be considered in patients with a 

history of herpes zoster infection. Thromboprophylaxis should 
be administered in patients receiving concurrent therapy with 
dexamethasone or lenalidomide.

Increased fatal and serious toxicities may occur when drug is 
given in combination with melphalan and prednisone in newly 
diagnosed transplant-ineligible patients.

(Onyx Pharmaceuticals, Inc., 2017)
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Ceritinib 
(Zykadia®)

Kinase inhibitor 
that targets ALK, 
IGF-1R, INSR, and 
ROS1, inhibiting 
proliferation of ALK-
dependent cancer 
cells

PO ALK-positive, metastatic 
NSCLC

Diarrhea, nausea, vomit-
ing, abdominal pain, hep-
atotoxicity, ILD/pneumoni-
tis, QT interval prolonga-
tion, hyperglycemia, brady-
cardia, pancreatitis, fatigue, 
decreased appetite, weight 
loss

Patients should take once daily with food. If patients miss a 
dose, they should make up that dose unless the next dose is 
due within 12 hours. If vomiting occurs, patients should not 
take an additional dose.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to ceritinib.

Avoid use of ceritinib with CYP3A4 or CYP2C9 substrates 
(e.g., fentanyl, warfarin).

If patients have moderate or severe hepatic impairment, dose 
should be adjusted.

Dose modifications are required based on the severity of the 
adverse reaction. Discontinue in patients unable to tolerate 
300 mg daily.

Monitor heart rate and blood pressure regularly. Advise patients 
to report any changes in heart or blood pressure medication.

Women of reproductive potential should use contraception dur-
ing treatment and for 6 months following completion of ther-
apy. Men should use contraception during treatment and for 3 
months following completion of therapy.

(Novartis Pharmaceuticals Corp., 2017j)

Cobimetinib 
(Cotellic®)

Reversible inhibi-
tor of kinases in the 
RAS/RAF/MEK/ERK 
pathway, leading to 
inhibition of tumor 
cell growth

PO Unresectable or metastatic 
melanoma with BRAF V600E 
or V600K mutation in combi-
nation with vemurafenib

New primary malignancies 
(cutaneous and noncuta-
neous), hemorrhage, car-
diomyopathy, severe skin 
rash, retinopathy/retinal 
vein occlusion, hepatotox-
icity, rhabdomyolysis, pho-
tosensitivity, diarrhea, nau-
sea, pyrexia, vomiting, CPK 
elevation, hypophosphate-
mia, lymphopenia, hypo-
natremia

Patients should take once daily, with or without food, for the 
first 21 days of a 28-day cycle.

If patients miss or vomit a dose, they should skip the dose and 
take the usual dose on the following day.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to cobimetinib.

Dose modifications are required based on the severity of the 
adverse reaction. Discontinue in patients unable to tolerate 
20 mg daily.

Evaluate LVEF before treatment, after 1 month of treatment, 
then every 3 months during treatment.

Advise patients to minimize sun exposure and use broad- 
spectrum sunscreen and lip balm (SPF ≥ 30).

Women of reproductive potential should use contraception dur-
ing treatment and for 2 weeks following completion of therapy.

(Genentech, Inc., 2016b)
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Copanlisib 
(Aliqopa™)

Inhibits PI3K with 
inhibitory activ-
ity predominantly 
against PI3Kα and 
PI3Kδ isoforms 
expressed in malig-
nant B cells, lead-
ing to induction of 
tumor cell death by 
apoptosis and inhi-
bition of proliferation 
of malignant B-cell 
lines 

IV Relapsed follicular lymphoma 
in patients who have received 
at least 2 prior systemic ther-
apies

Infections, hyperglycemia, 
hypertension, noninfec-
tious pneumonitis, neu-
tropenia, severe cutane-
ous reactions, diarrhea, 
decreased general strength 
and energy, leukopenia,  
nausea, lower respiratory 
tract infections, thrombocy-
topenia 

Administer IV over 60 minutes.
The single-dose vial should be reconstituted with 4.4 ml of 

0.9% NaCl solution using a 5 ml syringe. Further dilute the 
appropriate dosage amount of the reconstituted solution in 
100 ml 0.9% NaCl solution. Store reconstituted solution in 
the vial or diluted solution in the infusion bag in the refrigera-
tor for up to 24 hours. Allow product to return to room temper-
ature before use. Avoid exposure of diluted solution to direct 
sunlight.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to copanlisib.

Dose modifications are required based on the severity of the 
adverse reaction.

Consider PJP prophylaxis for populations at risk.
Blood glucose levels typically peak 5–8 hours following infusion 

and subsequently decline to baseline in most patients.
Blood pressure typically remains elevated for 6–8 hours follow-

ing the infusion.
Women and men of reproductive potential should use contra-

ception during treatment and for 1 month following comple-
tion of therapy.

(Bayer HealthCare Pharmaceuticals Inc., 2017a) 

Crizotinib 
(Xalkori®)

Inhibits multiple tyro-
sine kinases, includ-
ing ALK, HGFR, 
ROS1, and RON, 
which reduces 
tumor cell prolifera-
tion and survival

PO Locally advanced or metastatic 
ALK-positive NSCLC

Metastatic NSCLC in patients 
whose tumors are ROS1 pos-
itive 

Hepatotoxicity, ILD/pneumo-
nitis, QT prolongation, bra-
dycardia, vision loss, nau-
sea, diarrhea, vomiting, 
edema, constipation, neu-
tropenia, fatigue, anorexia, 
upper respiratory tract 
infection, dizziness, neu-
ropathy

Patients should take twice daily with or without food.
Capsules should be swallowed whole and not crushed, 

chewed, or opened.
If patients miss a dose, they should make up that dose unless 

the next dose is due within 6 hours. If vomiting occurs after 
taking a dose, patients should take the next dose at the reg-
ular time.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to crizotinib.

Avoid use of crizotinib with CYP3A4 substrates (e.g., fentanyl, 
midazolam).

Dose adjustment is required with severe renal impairment.
Dose modifications are required based on the severity of the 

adverse reaction. Discontinue in patients unable to tolerate 
250 mg daily.

Monitor and correct for hypomagnesemia and hypokalemia to 
reduce risk of QT prolongation. Do not use in patients with 
hypokalemia, hypomagnesemia, or long QT syndrome.

(Continued on next page)
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Crizotinib 
(Xalkori®) 
(cont.)

Monitor heart rate and blood pressure regularly. Advise patients 
to report any changes in heart or blood pressure medication.

Women of reproductive potential should use contraception dur-
ing treatment and for 45 days following completion of therapy. 
Men should use contraception during treatment and for 90 
days following completion of therapy.

(Pfizer Inc., 2017d)

Dabrafenib 
(Tafinlar®)

Inhibits some 
mutated forms of 
BRAF kinases to 
inhibit tumor cell 
growth

Note. Dabrafenib 
and trametinib target 
two different kinases 
in the RAS/RAF/
MEK/ERK pathway, 
leading to greater 
inhibition of tumor 
growth.

PO Single agent for patients with 
unresectable or metastatic 
melanoma with BRAF V600E 
mutation

Combination with trametinib 
for patients with unresect-
able or metastatic melanoma 
with BRAF V600E mutation or 
V600K mutation

Combination with trametinib 
for patients with NSCLC with 
BRAF V600E mutation 

Combination with trametinib for 
anaplastic thyroid cancer with 
BRAF V600E mutations

New primary malignancies 
(cutaneous and noncuta-
neous), tumor promotion in 
BRAF wild-type melanoma, 
hemorrhage, cardiomyop-
athy, uveitis, febrile reac-
tions (pyrexia), serious to 
mild skin rash, hypergly-
cemia, hemolytic anemia, 
hyperkeratosis, headache, 
arthralgia, papilloma, alo-
pecia, hand-foot syndrome, 
cough, fatigue, nausea, 
vomiting, diarrhea, dry skin, 
anorexia, edema, chills, 
dyspnea 

Patients should take twice daily approximately 12 hours apart 
and at least 1 hour before or 2 hours after a meal.

Patients should not take a missed dose within 6 hours of the 
next dose.

Do not open, crush, or break the capsules.
Concomitant use with CYP3A4 or CYP2C8 inhibitors, including 

grapefruit juice, or inducers may alter exposure to dabrafenib.
Avoid use of dabrafenib with CYP3A4, CYP2C8, CYP2C9, 

CYP2C19, or CYP2B6 substrates (e.g., warfarin) because of 
loss of efficacy of these agents.

Dose modifications are required based on the severity of the 
adverse reaction. Discontinue in patients unable to tolerate at 
least 50 mg twice daily.

Assess LVEF before initiation, one month after initiation, and 
then at intervals of 2–3 months while on treatment.

For patients who develop a severe febrile reaction or fever 
associated with complications, administer antipyretics as 
secondary prophylaxis when resuming dabrafenib. Admin-
ister corticosteroids for at least 5 days for second or subse-
quent development of pyrexia if temperature does not return 
to baseline within 3 days of onset.

Hormonal contraceptives may be ineffective because of 
decreased exposure when used concurrently with dabrafenib. 
Advise women of reproductive potential to use nonhormonal 
contraception during treatment and for at least 2 weeks fol-
lowing completion of therapy.

(Novartis Pharmaceuticals Corp., 2017f) 
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Dasatinib 
(Sprycel®)

Inhibits multiple 
tyrosine kinases, 
including BCR-
ABL, SRC family, 
c-KIT, EPHA2, and 
PDGFR-beta

PO Ph+ CML in chronic phase
Chronic, accelerated, or 

myeloid or lymphoid blast 
phase Ph+ CML with resis-
tance or intolerance to prior 
therapy including imatinib

Ph+ ALL with resistance or 
intolerance to prior therapy

Myelosuppression/bleed-
ing events, fluid retention 
including pleural effusions, 
cardiac dysfunction, pulmo-
nary arterial hypertension, 
QT prolongation, dermato-
logic toxicities, TLS, diar-
rhea, headache, fatigue, 
dyspnea, nausea, musculo-
skeletal pain

Patients should take once daily with or without food either in 
the morning or in the evening.

Do not crush or cut tablets.
Use with caution in patients taking anticoagulants.
Concomitant use with CYP3A4 inhibitors, including grapefruit 

juice, or inducers may alter exposure to dasatinib and should 
be avoided. If concomitant use cannot be avoided, dose 
adjustment of dasatinib should be made.

Use of proton pump inhibitors or H2 antagonists may reduce 
dasatinib concentration and is not recommended. Use of ant-
acids should be separated from administration of dasatinib by 
≥ 2 hours.

Elevation of transaminases or bilirubin, hypocalcemia, and 
hypophosphatemia may occur. Hypocalcemia may require 
oral calcium supplements.

(Bristol-Myers Squibb Co., 2017)

Eltrombopag 
(Promacta®)

TPO receptor ago-
nist that interacts 
with the transmem-
brane domain of the 
human TPO recep-
tor and initiates sig-
naling cascades that 
induce proliferation 
and differentiation 
from bone marrow 
progenitor cells 

PO Thrombocytopenia with chronic 
immune (idiopathic) throm-
bocytopenia in patients who 
have had an insufficient 
response to corticosteroids, 
immunoglobulins, or splenec-
tomy

Thrombocytopenia with chronic 
hepatitis C to allow initiation 
and maintenance of inter-
feron-based therapy

Severe aplastic anemia with an 
insufficient response to immu-
nosuppressive therapy

Black box: In patients with 
chronic hepatitis C, eltrom-
bopag in combination with 
interferon and ribavirin may 
increase the risk of hepatic 
decompensation.

Hepatotoxicity, thrombotic/
thromboembolic com-
plications, nausea, diar-
rhea, upper respira-
tory tract infection, vomit-
ing, increased ALT, myal-
gia, urinary tract infec-
tion, nasopharyngitis, ane-
mia, pyrexia, fatigue, head-
ache, decreased appetite, 
influenza-like illness, asthe-
nia, insomnia, cough, pru-
ritus, chills, myalgia, alope-
cia, peripheral edema, cat-
aracts

Patients should take once daily on an empty stomach 1 hour 
before or 2 hours after a meal.

Do not crush tablets and mix with food or liquids.
Prior to using the oral suspension, patients or caregivers must 

receive proper education on dosing, preparation, and admin-
istration. Administer the oral suspension immediately after 
preparation. Discard any suspension not administered within 
30 minutes of preparation. Prepare with water only. DO NOT 
use hot water.

When switching between the tablet and oral suspension, 
assess platelet counts for 2 weeks, then change to monthly 
monitoring.

Dose modification may be necessary for patients with mild, 
moderate, or severe hepatic impairment and some patients of 
East Asian ancestry.

Adjust dose to maintain a platelet count ≥ 50,000/mm3. DO 
NOT exceed 75 mg/day. Patients should take 2 hours before 
or 4 hours after any medications or products containing poly-
valent cations (e.g., antacids, calcium-rich foods, mineral sup-
plements). Use caution when coadministering with substrates 
of OATP1B1 or BCRP.

(Novartis Pharmaceuticals Corp., 2017d)
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Enasidenib 
(Idhifa®)

Inhibits the IDH2 
enzyme, leading  
to decreased 
2-hydroxy glutarate 
levels and induction 
of myeloid differen-
tiation

PO Relapsed or refractory AML 
with an IDH2 mutation

Black box: Differentiation 
syndrome (symptoms: 
fever, dyspnea, acute respi-
ratory distress, pulmonary 
infiltrates, pleural or peri-
cardial effusions, rapid 
weight gain or peripheral 
edema, lymphadenopa-
thy, bone pain, and hepatic, 
renal, and multiorgan dys-
function)

Embryo-fetal toxicity, nausea, 
vomiting, diarrhea, elevated 
bilirubin, decreased appe-
tite, TLS, noninfectious leu-
kocytosis

Patients should take once daily with or without food at approxi-
mately the same time each day.

If a dose is vomited, missed, or not taken at the usual time, 
administer the dose as soon as possible on the same day, 
and return to the normal schedule the following day. Patients 
should not take 2 doses to make up for the missed dose.

Do not split or crush tablets; instruct patients to swallow whole 
with a cup of water.

Keep the bottle tightly closed. Store in the original bottle (with a 
desiccant canister) to protect from moisture.

If no disease progression or unacceptable toxicity, treat for a 
minimum of 6 months to allow time for clinical response.

If differentiation syndrome is suspected, initiate oral or IV cor-
ticosteroids (e.g., dexamethasone 10 mg every 12 hours). 
Taper only after resolution of symptoms. If patients require 
intubation or ventilator support or renal dysfunction is present 
for more than 48 hours after initiation of corticosteroids, inter-
rupt enasidenib until symptoms are no longer severe.

Use caution when coadministering substrates of various CYP 
enzymes.

Hormonal contraceptives may be ineffective because of 
decreased exposure when used concurrently with enasidenib. 
Women and men of reproductive potential should use contra-
ception during treatment and for 1 month following comple-
tion of therapy.

(Celgene Corp., 2017)

Erlotinib 
(Tarceva®)

Inhibits autophos-
phorylation of tyro-
sine kinase asso-
ciated with EGFR, 
inhibiting further 
downstream sig-
naling

PO Metastatic NSCLC whose 
tumors express EGFR exon 
19 deletions or exon 21 
(L858R) substitution muta-
tions for first-line, mainte-
nance, or second or greater 
treatment following at least 1 
prior chemotherapy regimen

First-line treatment for locally 
advanced, unresectable, or 
metastatic pancreatic can-
cer in combination with gem-
citabine

ILD (dyspnea, cough, fever), 
renal failure, hepatotox-
icity, GI perforations, bul-
lous and exfoliative skin 
disorders, ocular disor-
ders, hemorrhage in com-
bination with warfarin, rash, 
diarrhea, anorexia, fatigue, 
nausea, vomiting

In patients with pancreatic 
cancer: cerebrovascular 
accident, microangiopathic 
hemolytic anemia

Patients should take once daily on an empty stomach at least 1 
hour before or 2 hours after food.

Concomitant use with CYP3A4 and CYP1A2 inhibitors, including 
grapefruit juice, or inducers may alter exposure to erlotinib.

Cigarette smoking may decrease erlotinib concentrations; avoid 
concomitant use.

Drugs that increase gastric pH decrease erlotinib concentra-
tions. For PPIs, avoid concomitant use. For H2 antagonists, 
take erlotinib 10 hours after H2 antagonist. For antacids, sepa-
rate dosing by several hours.

Monitor LFTs and consider dose reductions.
Regularly monitor INR in patients receiving warfarin. Monitor 

for GI bleeding and elevated INR.
Diarrhea can be managed using loperamide.
Women of reproductive potential should use contraception during 

treatment and for at least 1 month following completion of therapy.
(Genentech, Inc., 2016d)
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Everolimus 
(Afinitor®, 
Afinitor 
Disperz® 
tablets for oral 
suspension)

Binds to FKBP12 
intracellular protein 
and inhibits mTOR, 
which is a serine-
threonine kinase 
downstream of the 
PI3K/AKT pathway, 
resulting in reduced 
cell proliferation and 
angiogenesis

PO Postmenopausal women 
with advanced HR-positive, 
HER2-negative breast cancer 
in combination with exemes-
tane after patients have failed 
treatment with letrozole or 
anastrozole

Progressive NET of pancreatic 
origin and progressive, well-
differentiated, nonfunctional 
NETs of lung or GI origin 
that are unresectable, locally 
advanced, or metastatic

Advanced RCC after failed 
treatment with sunitinib or 
sorafenib

Renal angiomyolipoma and 
tuberous sclerosis complex 
not requiring surgery

Tuberous sclerosis complex 
in patients who have subep-
endymal giant cell astrocy-
toma that requires therapeu-
tic intervention but cannot be 
resected

Note: Afinitor Disperz is indi-
cated for tuberous sclero-
sis complex with subependy-
mal giant cell astrocytoma only. 
Everolimus branded as Zor-
tress® is indicated to prevent 
rejection in solid organ trans-
plant recipients.

Noninfectious pneumoni-
tis, infections, angioedema, 
oral ulceration/stomati-
tis, renal failure, impaired 
wound healing, proteinuria, 
hyperglycemia, hyperlipid-
emia, anemia, neutropenia, 
thrombocytopenia, rash, 
fatigue, diarrhea, edema, 
abdominal pain, nausea, 
fever, asthenia, cough, 
headache, decreased 
appetite, respiratory tract 
infection

Patients should take drug at the same time each day and con-
sistently either with or without food.

Tablets should be swallowed whole with a full glass of water. 
Do not break or crush tablets.

Patients with tuberous sclerosis complex who have subependy-
mal giant cell astrocytoma only: Dosing should be adjusted to 
maintain trough concentrations of 5–15 ng/ml.

Trough levels should be monitored routinely using the same assay 
and laboratory throughout treatment. Measure trough concentra-
tions 2 weeks after starting treatment and with changes in dose, 
interacting drugs, hepatic function, body size, or dosage form 
(oral tablets or tablets for oral suspension).

Dose modifications are required based on the severity of the 
adverse reaction.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to everolimus.

Concomitant use with P-gp inhibitors, such as verapamil or dil-
tiazem, may alter exposure to everolimus.

Disperz tablets can be used to prepare an oral suspension.
• Prepare oral suspension in 25 ml of water only, immediately 

prior to use, and discard if not administered within 60 minutes. 
Prepared doses should not exceed 10 mg. If higher doses are 
required, prepare a second dose. Once tablets are added to 
water, allow 3 minutes for suspension to form, stir gently, and 
have patients drink. After administration, add 25 ml additional 
water to the same glass and stir with the same spoon to sus-
pend any remaining particles, and administer to patient.

• Oral suspension may be administered using a 10 ml oral 
syringe in doses not to exceed 10 mg per syringe. Draw 5 
ml of water and 4 ml of air into the syringe. Place the filled 
syringe tip up into a container for 3 minutes until the tablets 
are in suspension. Invert the syringe 5 times prior to admin-
istration. After dosing via an oral syringe, rinse the syringe 
with 5 ml of water to capture remaining drug particles, and 
administer to patient.

Patients should avoid live vaccines and close contact with 
those who have received live vaccines.

Adjust dose for hepatic impairment.
Women of reproductive potential should use contraception dur-

ing treatment and for at least 8 weeks following completion of 
therapy.

(Novartis Pharmaceuticals Corp., 2016a)
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Mechanism  
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Gefitinib 
(Iressa®)

Inhibits autophos-
phorylation of tyro-
sine kinase asso-
ciated with EGFR, 
inhibiting further 
downstream sig-
naling

PO First-line metastatic NSCLC 
in patients whose tumors 
express EGFR exon 19 dele-
tions or exon 21 (L858R) sub-
stitution mutations

ILD, hepatotoxicity, GI per-
foration, diarrhea, ocular 
disorders including kerati-
tis, bullous and exfoliative 
skin disorders, hemorrhage 
in patients taking warfarin, 
skin reactions

Patients should take once daily with or without food.
They should not take a missed dose within 12 hours of the 

next dose. For patients who have difficulty swallowing sol-
ids, immerse gefitinib in 4–8 oz of water and stir for approxi-
mately 15 minutes. Have patients drink immediately or admin-
ister through nasogastric tube. Rinse the container with 4–8 
oz of water and have patients drink immediately or administer 
through the nasogastric tube.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to gefitinib.

Regularly monitor INR in patients receiving warfarin. Monitor 
for GI bleeding and elevated INR.

Drugs that increase gastric pH decrease gefitinib concentra-
tions. For PPIs, take gefitinib 12 hours after the last dose or 
12 hours before the next dose of the PPI. For H2 antagonists, 
take gefitinib 6 hours after or 6 hours before H2 antagonist or 
an antacid.

Women of reproductive potential should use contraception dur-
ing treatment and for at least 2 weeks following completion of 
therapy.

(AstraZeneca Pharmaceuticals LP, 2015)

Ibrutinib 
(Imbruvica®)

Inhibits Bruton tyro-
sine kinase, which is 
a signaling molecule 
of the B-cell antigen 
receptor, leading to 
inhibition of malig-
nant B-cell prolifer-
ation

PO Patients with mantle cell lym-
phoma who have received at 
least 1 prior therapy

CLL/SLL with 17p deletion
Waldenström macroglobulin-

emia
Patients with marginal zone 

lymphoma who require sys-
temic therapy and have 
received at least 1 prior anti-
CD20-based therapy

Graft-versus-host disease

Hemorrhage, infections (e.g., 
progressive multifocal leu-
koencephalopathy, PJP), 
thrombocytopenia, neutro-
penia, anemia, atrial fibrilla-
tion, hypertension, second 
primary malignancies, TLS, 
diarrhea, musculoskeletal 
pain, rash, nausea, bruis-
ing, fatigue, pyrexia

Patients should take once daily with a glass of water. Capsules 
should not be opened, broken, or chewed.

If patients miss a dose, they should take it as soon as possi-
ble on the same day with a return to the normal schedule on 
the next day.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to ibrutinib.

Coadministration of P-gp or BCRP substrates (e.g., digoxin, 
methotrexate) will increase their blood concentrations.

Avoid use in patients with moderate or severe baseline hepatic 
impairment.

Dose modifications are required based on the severity of the 
adverse reaction. Discontinue in patients unable to tolerate 
after 3 dose changes.

Secondary to hemorrhage risk, consider withholding ibrutinib 
for at least 3–7 days pre- and postsurgery.

Women and men of reproductive potential should use contra-
ception during treatment and for at least 1 month following 
completion of therapy.

(Pharmacyclics LLC & Janssen Biotech, Inc., 2017)
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Idelalisib 
(Zydelig®)

Inhibits PI3Kδ, 
which is expressed 
in normal and malig-
nant B cells, lead-
ing to apoptosis and 
inhibited cell prolif-
erations via chemo-
taxis, adhesion, and 
reduced cell viability

PO Relapsed CLL in combination 
with rituximab in patients for 
whom rituximab alone would 
be considered appropriate  
therapy because of other 
comorbidities

Relapsed follicular B-cell NHL 
in patients who have received 
at least 2 prior systemic ther-
apies

Relapsed SLL in patients who 
have received at least 2 prior 
systemic therapies

Black box: Hepatotoxicity, 
diarrhea, colitis, pneumo-
nitis, infections, intestinal 
perforation

Cutaneous reactions, ana-
phylaxis, neutropenia, diar-
rhea, fatigue, nausea, 
cough, pyrexia, abdomi-
nal pain, pneumonia, rash, 
neutropenia, increased 
AST/ALT

Patients should take twice daily with or without food and swal-
low tablets whole.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to idelalisib.

Avoid use of idelalisib with CYP3A4 substrates (e.g., fentanyl).
Dose modifications are required based on the severity of the 

adverse reaction. Discontinue in patients unable to tolerate at 
least 100 mg twice daily.

Consider PJP prophylaxis.
Diarrhea caused by idelalisib responds poorly to antimotility 

agents.
Corticosteroids may be needed to resolve diarrhea or pneumonitis.
(Gilead Sciences, Inc., 2016)

Imatinib 
mesylate 
(Gleevec®)

Inhibits BCR-ABL 
tyrosine kinase cre-
ated by the Ph+ 
genetic abnormal-
ity, inhibiting prolif-
eration and inducing 
apoptosis in BCR-
ABL+ cell lines; also 
inhibits PDGF, SCF, 
and c-KIT

PO Newly diagnosed Ph+ CML in 
chronic phase

Ph+ CML in blast crisis, acceler-
ated phase, or chronic phase 
after failure of interferon-alfa 
therapy

Relapsed or refractory Ph+ ALL
MDS/myeloproliferative dis-

eases associated with 
PDGFR gene rearrange-
ments

ASM without D816V c-KIT 
mutation or unknown c-KIT 
mutation status

Hypereosinophilic syndrome 
and/or chronic eosinophilic 
leukemia in patients who 
have the FIP1L1-PDGFRα 
fusion kinase or unknown 
fusion kinase status

Unresectable, recurrent, or 
metastatic dermatofibrosar-
coma protuberans

KIT (CD117)-positive unresect-
able or metastatic malignant 
GIST

Adjuvant treatment of resected 
KIT (CD117)-positive GIST

Edema, fluid retention, effu-
sions, neutropenia, throm-
bocytopenia, anemia, 
cardiomyopathy/cardio-
genic shock, hepatotoxic-
ity, hemorrhage, GI perfo-
rations, dermatologic tox-
icities, hypothyroidism, 
growth retardation (children 
and preadolescents), TLS, 
nausea, vomiting, mus-
cle cramps, musculoskel-
etal pain, diarrhea, rash, 
fatigue, abdominal pain

Patients should take with a meal and a full glass of water. Dos-
ing may be once or twice daily.

For patients unable to swallow tablets, tablets may be dis-
solved in a glass of water or apple juice immediately before 
administration. Use 50 ml for a 100 mg tablet and 200 ml for 
a 400 mg tablet.

Concomitant use with CYP3A4 or CYP2D6 inhibitors, including 
grapefruit juice, or inducers may alter exposure to imatinib.

Avoid use of imatinib with CYP3A4 or CYP2D6 substrates.
Patients requiring anticoagulation should receive low-molecular- 

weight or standard heparin and not warfarin because of high 
propensity of drug–drug interactions.

Dose modifications are required in patients with severe hepatic 
impairment and moderate or severe renal impairment.

Weigh patients frequently and monitor for signs and symptoms 
of fluid retention.

In patients with high eosinophil levels, consider prophylactic 
use of systemic steroid for 1–2 weeks concurrently with initia-
tion of imatinib.

(Novartis Pharmaceuticals Corp., 2017a)
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Ixazomib 
(Ninlaro®)

Reversible protea-
some inhibitor lead-
ing to apoptosis of 
myeloma cells

PO In combination with lenalido-
mide and dexamethasone for 
the treatment of patients with 
multiple myeloma who have 
received at least 1 prior ther-
apy

Thrombocytopenia, diarrhea, 
constipation, nausea, vom-
iting, peripheral neurop-
athy, peripheral edema, 
rash, hepatotoxicity, back 
pain

Patients should take on days 1, 8, and 15 of a 28-day cycle at 
approximately the same time and with water at least 1 hour 
before or 2 hours after food. Capsules should not be crushed, 
chewed, or opened. Drug should be stored in the original 
packaging and not removed until just prior to taking.

If a dose is delayed or missed, the dose should only be taken 
if the next scheduled dose is ≥ 72 hours away. If vomiting 
occurs, do not repeat the dose.

Concomitant use with CYP3A4 inducers may alter exposure to 
ixazomib.

Dose modifications are required in patients with moderate or 
severe hepatic impairment and severe renal impairment.

Assess hematologic parameters prior to initiating a new cycle.
Consider antiviral prophylaxis to decrease risk of herpes zos-

ter reactivation.
Hormonal contraceptives may be ineffective when used concur-

rently. Advise women of reproductive potential to use nonhor-
monal contraception during treatment and for at least 90 days 
after the final dose.

(Millennium Pharmaceuticals, Inc., 2015)

Lapatinib 
(Tykerb®)

4-Anilinoquinazoline 
kinase inhibitor of 
the intracellular tyro-
sine kinase domains 
of both EGFR and 
HER2

PO In combination with 
capecitabine for treatment 
of patients with advanced 
or metastatic breast cancer 
whose tumors overexpress 
HER2 and who have received 
prior therapy including an 
anthracycline, a taxane, and 
trastuzumab

In combination with letrozole in 
postmenopausal women with 
HR-positive metastatic breast 
cancer that overexpresses 
HER2 for whom hormone 
therapy is indicated

Black box: Hepatotoxicity
Decreased LVEF, diarrhea, 

ILD/pneumonitis, QT pro-
longation, cutaneous reac-
tions, hand-foot syndrome, 
nausea, rash, vomiting, 
fatigue

Patients should take once daily at least 1 hour before or 1 
hour after a meal. Do not divide the daily dose. However, 
capecitabine should be taken with a meal or within 30 min-
utes after a meal.

If a dose is missed, the patient should not double the dose the 
following day.

Concomitant use with CYP3A4, CYP2C8, or P-gp inhibitors, 
including grapefruit juice, or inducers may alter exposure to 
lapatinib.

Avoid use of lapatinib with CYP3A4, CYP2C8, or P-gp sub-
strates.

Dose modifications are required in patients with severe hepatic 
impairment.

Confirm normal LVEF before beginning drug. Lapatinib should 
be discontinued in patients if LVEF drops below lower limits 
of normal.

Diarrhea may be managed with antidiarrheal agents (e.g., lop-
eramide); replace fluids and electrolytes if severe.

Monitor and correct for hypomagnesemia and hypokalemia to 
reduce risk of QT prolongation.

(Novartis Pharmaceuticals Corp., 2017h)
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Lenvatinib 
(Lenvima®)

TKI of primar-
ily VEGF recep-
tors, which includes 
angiogenesis, tumor 
growth, and cancer 
progression

PO As a single agent for locally 
recurrent or metastatic, pro-
gressive, radioactive iodine–
refractory differentiated thy-
roid cancer

Advanced RCC in combination 
with everolimus following 1 
prior antiangiogenic therapy

Hypertension, cardiac fail-
ure, arterial thromboem-
bolic events, hepatotoxic-
ity, proteinuria, diarrhea, 
renal failure and impair-
ment, GI perforation and 
fistula formation, QT inter-
val prolongation, hypocal-
cemia, RPLS, hemorrhagic 
events, thyroid dysfunction, 
fatigue, headache, vom-
iting, nausea, decreased 
appetite, hand-foot syn-
drome, abdominal pain, 
dysphonia, arthralgia/myal-
gia, stomatitis, peripheral 
edema, cough, dyspnea, 
weight loss

Patients should take once daily at the same time with or without 
food. The capsule should be swallowed whole or dissolved in 
small glass of liquid.

Patient instructions for dissolving the drug: Measure 1 table-
spoon of water or apple juice and put the capsules into the 
liquid without breaking or crushing them. Leave the capsules 
in the liquid for at least 10 minutes. Stir for at least 3 minutes. 
Drink the mixture. After drinking, add a new tablespoon of liq-
uid to the glass, swirl a few times and drink the contents.

If a dose is missed and cannot be taken within 12 hours, 
patients should skip that dose.

Dose modifications are required in patients with severe hepatic 
impairment or severe renal impairment.

Diarrhea may be managed with antidiarrheal agents (e.g., lop-
eramide) and hydration as needed.

Control blood pressure prior to initiating therapy.
Women of reproductive potential should use contraception dur-

ing treatment and for at least 2 weeks following completion of 
therapy.

(Eisai Inc., 2017)

Midostaurin 
(Rydapt®)

Inhibits multiple 
receptor tyrosine 
kinases, primarily 
FLT3 receptor sig-
naling, inducing 
apoptosis in FLT3-
expressing cells

PO Newly diagnosed AML that is 
FLT3 mutation–positive in 
combination with standard 
cytarabine and daunorubicin 
induction and cytarabine con-
solidation

ASM, systemic mastocytosis 
with associated hematologic 
neoplasm, or mast cell leu-
kemia

Pulmonary toxicity (ILD/
pneumonitis), febrile neu-
tropenia, nausea, muco-
sitis, vomiting, headache, 
petechiae, musculoskele-
tal pain, epistaxis, device-
related infection, hyper-
glycemia, upper respira-
tory tract infection, diar-
rhea, edema, abdominal 
pain, fatigue, constipation, 
pyrexia, dyspnea 

Patients should take twice daily approximately every 12 hours 
with food. Do not open or crush the capsules.

For AML, take on days 8–21 of each cycle of induction or con-
solidation.

If patients miss or vomit a dose, they should not make up the 
dose.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to midostaurin.

Administer a prophylactic antiemetic prior to each dose.
For systemic mastocytosis, dosing should be adjusted based 

on toxicity parameters.
Women and men of reproductive potential should use contra-

ception during treatment and for at least 4 months following 
completion of therapy.

(Novartis Pharmaceuticals Corp., 2017e)
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Neratinib 
(Nerlynx®)

Inhibits EGFR, 
HER2, and HER4 in 
EGFR- and HER2-
expressing carci-
noma cell lines, 
leading to inhibition 
of tumor growth

PO Extended adjuvant treatment 
of early-stage HER2-overex-
pressed/amplified breast can-
cer to follow adjuvant trastu-
zumab-based therapy

Diarrhea, hepatotoxicity, 
nausea, abdominal pain, 
fatigue, vomiting, rash, sto-
matitis, decreased appetite, 
muscle spasms, dyspepsia, 
AST/ALT elevations, nail 
disorder, dry skin, abdomi-
nal distension, weight loss, 
urinary tract infection 

Patients should take once daily at approximately the same time 
with food and swallow tablets whole. Tablets should not be 
chewed, crushed, or split.

If a dose is missed, do not replace the missed dose. Resume 
with the next scheduled daily dose.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to neratinib.

Concomitant use with P-gp substrates may alter exposure to 
the P-gp substrate.

Avoid concomitant use with PPIs and H2 antagonists. Separate 
by 3 hours from antacid dosing.

Dose adjustment is required in patients with severe hepatic 
impairment.

Dose modifications are required based on the severity of the 
adverse reaction.

Initiate loperamide with the first dose of neratinib and continue 
during first 2 cycles (56 days) of treatment. Titrate to 1–2 
bowel movements per day. Refer to package insert for spe-
cific loperamide prophylaxis dosing recommendations. With 
severe diarrhea, initiate fluids and electrolytes as needed.

Women of reproductive potential should use contraception dur-
ing treatment and for 1 month following completion of ther-
apy. Men should use contraception during treatment and for 3 
months following completion of therapy.

(Puma Biotechnology, Inc., 2017)

Nilotinib 
(Tasigna®)

Binds to and sta-
bilizes the inac-
tive conformation 
of BCR-ABL, the 
kinase produced 
by Ph

PO Newly diagnosed Ph+ CML in 
chronic phase

Chronic and accelerated phase 
Ph+ CML in patients who are 
resistant or intolerant to prior 
therapy including imatinib

Black box: QT prolongation, 
sudden death

Myelosuppression, cardiac 
and arterial vascular occlu-
sive events, pancreatitis 
and elevated serum lipase, 
hepatotoxicity, electrolyte 
abnormalities (hypophos-
phatemia, hypokalemia, 
hyperkalemia, hypocalce-
mia, hyponatremia), TLS, 
hemorrhage, fluid retention, 
nausea, rash, headache, 
fatigue, pruritus, vomit-
ing, diarrhea, cough, con-
stipation, arthralgia, naso-
pharyngitis, pyrexia, night 
sweats

Patients should take twice daily at 12-hour intervals. No food 
should be consumed for at least 2 hours before the dose and 
1 hour after.

Patients should take capsules whole with water. For patients 
unable to swallow capsules, the contents may be mixed in 1 
teaspoon of applesauce and taken within 15 minutes.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to nilotinib. Dose reduc-
tion may be necessary if inhibitors must be given, and the 
QTc should be monitored closely. Avoid concomitant use of 
drugs known to prolong QT interval.

Dose modifications are required based on the severity of the 
adverse reaction.

Monitor and correct for hypomagnesemia and hypokalemia to 
reduce risk of QT prolongation. Do not use in patients with 
hypokalemia, hypomagnesemia, or long QT syndrome.

Obtain ECG at baseline, 7 days after initiation, and periodically 
to monitor QTc.

(Novartis Pharmaceuticals Corp., 2017g)
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Niraparib 
(Zejula®)

Inhibits PARP 
enzymes, which 
play a role in DNA 
repair, leading to 
DNA damage, apop-
tosis, and cell death 

PO Recurrent epithelial ovarian, 
fallopian tube, or primary 
peritoneal cancer in patients 
who had complete or partial 
response to platinum-based 
chemotherapy

MDS/AML, bone marrow 
suppression, cardiovas-
cular events, thrombocy-
topenia, anemia, neutro-
penia, leukopenia, palpi-
tations, nausea, constipa-
tion, vomiting, abdominal 
pain/distension, mucositis/
stomatitis, diarrhea, dys-
pepsia, dry mouth, fatigue/
asthenia, decreased appe-
tite, urinary tract infection, 
AST/ALT elevation, myal-
gia, back pain, arthralgia, 
headache, dizziness, dys-
geusia, insomnia, anxiety, 
nasopharyngitis, dyspnea, 
cough, rash, hypertension

Patients should take once daily at approximately the same time 
with or without food. Capsules should be swallowed whole. 
Bedtime administration may help with managing nausea.

If patients miss or vomit a dose, they should take the next dose 
at the next regularly scheduled time rather than taking an 
additional dose.

Dose modifications are required based on the severity of the 
adverse reaction. Discontinue in patients unable to tolerate at 
least 100 mg daily.

Treatment should start no more than 8 weeks following platinum- 
containing chemotherapy.

Women of reproductive potential should use contraception dur-
ing treatment and for at least 6 months following completion 
of therapy.

(Tesaro, Inc., 2017)

Olaparib 
(Lynparza®)

Inhibits PARP 
enzymes that are 
involved in normal 
cellular homeostasis 
such as DNA tran-
scription, cell cycle 
regulation, and DNA 
repair

PO Maintenance treatment of recur-
rent epithelial ovarian, fallo-
pian tube, or primary perito-
neal cancer in patients in com-
plete or partial response to 
platinum-based chemotherapy

Deleterious or suspected del-
eterious germline BRCA-
mutated advanced ovarian 
cancer in patients who have 
been treated with ≥ 3 prior 
lines of chemotherapy

Breast cancer with deleteri-
ous or suspected deleteri-
ous germline BRCA-mutated, 
HER2-negative metastatic 
disease who have been 
treated with chemotherapy; in 
HR-positive disease, patients 
should have received endo-
crine therapy or be consid-
ered inappropriate for endo-
crine therapy

MDS/AML, pneumonitis, ane-
mia, nausea, fatigue, vom-
iting, diarrhea, dysgeu-
sia, dyspepsia, headache, 
decreased appetite, naso-
pharyngitis/pharyngitis/
upper respiratory tract infec-
tion, cough, arthralgia/mus-
culoskeletal pain, myalgia, 
back pain, dermatitis/rash, 
abdominal pain/discomfort, 
elevated serum creatinine, 
mean corpuscular volume 
elevation, leukopenia, neu-
tropenia, thrombocytopenia

Patients should take twice daily with or without food and swal-
low capsule whole. Capsules should not be chewed, dis-
solved, or opened.

If patients miss a dose, they should take the next dose at the 
next regularly scheduled time.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to olaparib.

Dose adjustment is required in patients with moderate renal 
impairment.

Women of reproductive potential should use contraception dur-
ing treatment and for at least 6 months following completion 
of therapy.

(AstraZeneca Pharmaceuticals LP, 2018)
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Osimertinib 
(Tagrisso®)

Inhibits EGFR by 
binding irreversibly 
to certain mutant 
forms (T790M, 
L858R, and exon 19 
deletion)

PO Metastatic EGFR T790M 
mutation-positive NSCLC in 
patients who have progressed 
on or after EGFR TKI therapy

ILD/pneumonitis, QTc pro-
longation, cardiomyopathy, 
keratitis, diarrhea, rash, dry 
skin, nail toxicity, fatigue

Patients should take once daily with or without food.
If a dose is missed, patients should take the next dose at the 

next regularly scheduled time. In patients with difficulty swal-
lowing tablets, disperse tablet in 60 ml of noncarbonated 
water only. Stir until tablet is dispersed into small pieces (the 
tablet will not completely dissolve) and swallow immediately. 
Do not crush, heat, or ultrasonicate during preparation. Rinse 
the container with 120–240 ml water and immediately drink.

If administered via nasogastric tube, disperse in 15 ml of water 
and use an additional 15 ml to transfer any residue to a 
syringe. Administer this 30 ml immediately with appropriate 
water flushes (approximately 30 ml).

Concomitant use with CYP3A4 inducers may alter exposure to 
osimertinib.

Assess LVEF at baseline.
Women of reproductive potential should use contraception dur-

ing treatment and for 6 weeks following completion of ther-
apy. Men should use contraception during treatment and for 4 
months following completion of therapy.

(AstraZeneca Pharmaceuticals LP, 2017b)

Palbociclib 
(Ibrance®)

Inhibits CDK4 and 
CDK6, leading to 
reduced cellular pro-
liferation by blocking 
progression of the 
cell cycle from G1 
into S phase 

PO HR-positive, HER2-negative,  
advanced or metastatic 
breast cancer in combina-
tion with an aromatase inhib-
itor as initial endocrine-
based therapy in postmeno-
pausal women or fulvestrant 
in women with disease pro-
gression following endocrine 
therapy

Neutropenia, infections, leu-
kopenia, fatigue, nausea, 
stomatitis, anemia, diar-
rhea, thrombocytopenia, 
rash, vomiting, decreased 
appetite, asthenia, pyrexia

Patients should take once daily with food at approximately the 
same time for 21 days followed by 7 days off treatment.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to palbociclib.

CYP3A4 substrates may need dose reductions when used in 
combination with palbociclib.

Women of reproductive potential should use contraception dur-
ing treatment and for 3 weeks following completion of ther-
apy. Men should use contraception during treatment and for 3 
months following completion of therapy.

(Pfizer Inc., 2017b)
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Panobinostat 
(Farydak®)

Inhibits HDAC, 
resulting in 
increased acetyla-
tion of histone pro-
teins, inducing cell 
cycle arrest and/or 
apoptosis of cells

PO In combination with bortezomib 
and dexamethasone for mul-
tiple myeloma in patients who 
have received at least 2 prior 
regimens, including bortezo-
mib and an immunomodula-
tory agent 

Black box: Severe diarrhea, 
cardiotoxicities

Hemorrhage, hepatotoxic-
ity, diarrhea, fatigue, nau-
sea, peripheral edema, 
decreased appetite, 
pyrexia, vomiting, hypo-
phosphatemia, hypo-
kalemia, hyponatremia, 
increased creatinine, 
thrombocytopenia, lympho-
penia, leukopenia, neutro-
penia, anemia

Patients should take every other day for 3 doses per week dur-
ing weeks 1 and 2 of each 21-day cycle.

Drug should be taken at approximately the same time each 
day with or without food and capsules swallowed whole with 
a cup of water. Capsules should not be opened, crushed, or 
chewed.

If patients miss a dose beyond 12 hours, they should skip the 
dose and take the usual dose on the following day. If patients 
vomit a dose, they should skip the dose and take the usual 
dose on the following day.

Patients should receive 8 cycles with potential for an additional 
8 cycles for a total duration of 16 cycles.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to panobinostat.

CYP2D6 substrates may need dose reductions when used in 
combination with panobinostat.

Avoid concomitant use with antiarrhythmic drugs and QT- 
prolonging drugs.

Dose adjustment is required in patients with hepatic impair-
ment.

Dose modifications are required based on the severity of the 
adverse reaction. Discontinue in patients unable to tolerate at 
least 10 mg given 3 times per week.

At the first sign of diarrhea, patients should be treated with 
antidiarrheal medications (e.g., loperamide). Consider pro-
phylactic antiemetics.

Women of reproductive potential should use contraception dur-
ing treatment and for 3 months following completion of ther-
apy. Men should use contraception during treatment and for 6 
months following completion of therapy.

(Novartis Pharmaceuticals Corp., 2016b)
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Pazopanib 
(Votrient®)

Inhibits VEGFRs 
with tyrosine kinase 
activity, which inter-
feres with tumor 
angiogenesis, 
growth, and pro-
gression

PO Advanced RCC
Advanced soft tissue sarcoma 

in patients who have received 
prior chemotherapy

Black box: Hepatotoxicity
QTc prolongation, LVEF dys-

function, hemorrhage, arte-
rial and venous throm-
boembolism, thrombotic 
microangiopathy includ-
ing thrombotic thrombocy-
topenic purpura and hemo-
lytic uremic syndrome, ILD/
pneumonitis, GI perfora-
tion, GI fistula formation, 
RPLS, hypertension, hypo-
thyroidism, proteinuria, 
infection, diarrhea, hair 
color changes, nausea, 
anorexia, vomiting, fatigue, 
decreased appetite, tumor 
pain, dysgeusia, headache, 
musculoskeletal pain, myal-
gia, GI pain, dyspnea

Patients should take once daily at least 1 hour before or 2 
hours after a meal.

Do not crush tablets.
If a dose is missed beyond 12 hours, the patient should skip 

the dose and take the usual dose on the following day.
Concomitant use of CYP3A4 inhibitors, including grapefruit 

juice, and inducers may alter exposure to pazopanib.
Concomitant use of substrates of CYP3A4, CYP2D6, or CYP2C8 

is not recommended. Concomitant use of PPIs or H2 antagonists 
is not recommended; consider short-acting antacids instead.

Concomitant use with simvastatin may increase risk of ALT ele-
vations.

Measure LFTs before start of pazopanib use and monitor at 
least monthly during the first 4 months of treatment, then peri-
odically thereafter.

Use with caution in patients with a history of QT prolongation or 
concomitantly using other drugs that prolong QT interval.

Stop use of pazopanib at least 7 days prior to planned surgery, 
and restart based on clinical judgment.

Dose adjustment is required in patients with moderate or 
severe hepatic impairment.

Women and men of reproductive potential should use contra-
ception during treatment and for 2 weeks following comple-
tion of therapy.

(Novartis Pharmaceuticals Corp., 2017i)

Ponatinib 
(Iclusig®)

TKI of BCR-ABL 
and T315I-mutated 
BCR-ABL

PO Chronic, accelerated, or blast 
phase CML or Ph+ ALL in 
patients for whom no other 
TKI is indicated

T315I-positive CML (chronic, 
accelerated, or blast phase) 
or T315I-positive Ph+ ALL

Black box: Arterial occlusion, 
venous thromboembolism, 
heart failure, hepatotoxicity

Hypertension, pancreatitis, 
neuropathy, ocular toxic-
ity, hemorrhage, fluid reten-
tion, cardiac arrhythmias, 
myelosuppression, TLS, 
RPLS, impaired wound heal-
ing, GI perforation, abdomi-
nal pain, rash, constipation, 
headache, dry skin, fatigue, 
pyrexia, arthralgia, nausea, 
diarrhea, increased lipase, 
vomiting, myalgia, pain in 
extremities

Patients should take once daily with or without food and swal-
low tablets whole.

Dose adjustment is required in patients with hepatic impair-
ment.

Concomitant use of CYP3A4 inhibitors, including grapefruit 
juice, and inducers may alter exposure to ponatinib.

Dose modifications are required based on the severity of the 
adverse reaction. Discontinue in patients unable to tolerate at 
least 15 mg daily.

Ponatinib is available only through a restricted distribution pro-
gram including 1 approved pharmacy.

Women of reproductive potential should use contraception dur-
ing treatment and for 3 weeks following completion of therapy.

(Ariad Pharmaceuticals, Inc., 2016)

(Continued on next page)
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Regorafenib 
(Stivarga®)

Inhibits multiple 
membrane-bound 
and intracellular 
kinases involved 
in oncogenesis, 
tumor angiogene-
sis, metastasis, and 
tumor immunity 

PO Metastatic colorectal cancer 
previously treated with other 
therapies including a fluoro-
pyrimidine, oxaliplatin, irinote-
can, anti-VEGF therapy, and 
anti-EGFR therapy (if RAS 
wild type)

Locally advanced, unresect-
able, or metastatic GIST fol-
lowing previous treatment 
with imatinib and sunitinib

Hepatocellular carcinoma previ-
ously treated with sorafenib

Black box: Hepatotoxicity
Infections, hemorrhage, GI 

perforation or fistula, der-
matologic toxicities, hyper-
tension, cardiac isch-
emia and infarction, RPLS, 
wound healing complica-
tions, pain, hand-foot skin 
reactions, anorexia, dys-
phonia, hyperbilirubinemia, 
fever, mucositis, weight 
loss, nausea

Patients should take once daily at the same time each day for 
the first 21 days of a 28-day cycle.

Tablets should be swallowed whole with a low-fat meal contain-
ing less than 600 calories and less than 30% fat.

If a dose is missed, patients should skip the dose and take the 
usual dose on the following day.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to regorafenib.

Concomitant use may increase exposure to BCRP substrates.
Dose modifications are required based on the severity of the 

adverse reaction.
Discontinue 2 weeks prior to surgery. The decision to restart 

should be based on clinical judgment of wound healing.
Women and men of reproductive potential should use contra-

ception during treatment and for 2 months following comple-
tion of therapy.

(Bayer HealthCare Pharmaceuticals Inc., 2017b)

Ribociclib 
(Kisqali®)

Inhibits CDK4 and 
CDK6, leading to 
arrest in the G1 
phase of the cell 
cycle and reduced 
cell proliferation

PO Combination with an aroma-
tase inhibitor as initial endo-
crine-based therapy for the 
treatment of postmenopausal 
women with HR-positive, 
HER2-negative advanced or 
metastatic breast cancer

QTc prolongation, hepatobi-
liary toxicity, neutropenia, 
nausea, fatigue, diarrhea, 
leukopenia, alopecia, vom-
iting, constipation, head-
ache, back pain

Patients should take once daily at the same time each day, 
preferably the morning, with or without food for 21 days fol-
lowed by 7 days off treatment. Patients should swallow tablets 
whole and not take tablets that are broken, cracked, or other-
wise not intact.

If patients miss or vomit a dose, they should skip the dose and 
take the usual dose on the following day.

Concomitant use of CYP3A4 inhibitors, including grapefruit 
juice, and inducers may alter exposure to ribociclib.

CYP3A4 substrates may need dose reductions when used in 
combination with ribociclib.

Avoid concomitant use of drugs known to prolong the QT inter-
val. Correct any electrolyte abnormalities prior to starting ther-
apy to avoid QT prolongation.

Dose adjustment is required in patients with moderate or 
severe hepatic impairment.

Dose modifications are required based on the severity of the 
adverse reaction. Discontinue in patients unable to tolerate at 
least 200 mg daily.

Women of reproductive potential should use contraception dur-
ing treatment and for 3 weeks following completion of therapy.

(Novartis Pharmaceuticals Corp., 2017b)
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Romidepsin 
(Istodax®)

Inhibits HDAC, lead-
ing to the accumu-
lation of acetylated 
histones, inducing 
cell cycle arrest and 
apoptosis of some 
cancer cell lines

IV Cutaneous T-cell lymphoma in 
patients who have received 1 
prior systemic therapy

Peripheral T-cell lymphoma in 
patients who have received at 
least 1 prior therapy 

Thrombocytopenia, leukope-
nia (neutropenia and lym-
phopenia), anemia, infec-
tions, ECG changes (QT 
prolongation), TLS, nau-
sea, fatigue, vomiting, 
anorexia

Administer over 4 hours. Closely monitor patients on concur-
rent warfarin therapy.

The single-dose vial should be reconstituted with 2.2 ml of the 
supplied diluent. The reconstituted solution is 5 mg/ml. The 
patient-specific dose should be diluted in 500 ml NS and is 
stable for 24 hours at room temperature.

Concomitant use of CYP3A4 inhibitors, including grapefruit 
juice, and inducers may alter exposure to romidepsin.

Monitor INR more frequently in patients receiving concurrent 
warfarin therapy.

Dose modifications may be necessary in patients with moder-
ate or severe hepatic impairment.

Correct hypokalemia and hypomagnesemia before administra-
tion.

(Celgene Corp., 2016) 

Romiplostim 
(Nplate®)

Binds to and acti-
vates the TPO 
receptor to increase 
platelet production, 
a mechanism akin to 
endogenous TPO

SC Thrombocytopenia in patients 
with chronic immune throm-
bocytopenia who have had an 
insufficient response to corti-
costeroids, immunoglobulins, 
or splenectomy 

Progression to AML in 
patients with MDS, throm-
botic/thromboembolic 
complications, formation 
of neutralizing antibod-
ies, arthralgia, dizziness, 
insomnia, myalgia, pain 
in extremities, abdominal 
pain, shoulder pain, dys-
pepsia, paresthesia, head-
ache

Calculate the dose and reconstitute with the correct volume 
of sterile water for injection. Gently swirl and invert the vial 
to reconstitute. Do not shake during reconstitution; protect 
reconstituted solution from light. Administer reconstituted 
solution within 24 hours. The administered volume may be 
very small. Use a syringe with graduations to 0.01 ml. Dis-
card any unused portions of the vial.

Adjust dose weekly based on platelet counts. Do not exceed 
the maximum weekly dose of 10 mcg/kg. Do not dose if plate-
lets exceed 400,000/mm3.

Treatment should only be used in patients whose degree of 
thrombocytopenia and clinical condition increase the risk for 
bleeding. Do not use to normalize platelet counts.

(Amgen Inc., 2017) 

Rucaparib 
(Rubraca®)

Inhibits PARP, which 
plays a role in DNA 
repair, resulting in 
DNA damage, apop-
tosis, and cell death

PO Monotherapy for deleterious 
BRCA mutation (germline or 
somatic)–associated ovarian 
cancer in patients who have 
been treated with at least 2 
chemotherapies

MDS/AML, nausea, fatigue, 
vomiting, anemia, abdom-
inal pain, dysgeusia, con-
stipation, decreased appe-
tite, diarrhea, dyspnea, 
increased creatinine, 
increased AST/ALT, lym-
phopenia, hyperlipidemia, 
thrombocytopenia, neutro-
penia

Patients should take twice daily approximately 12 hours apart 
with or without food.

If patients miss or vomit a dose, they should skip the dose and 
take the next scheduled dose.

Advise patients to use appropriate sun protection because of 
increased susceptibility to sunburn.

Women of reproductive potential should use contraception dur-
ing treatment and for 6 months following completion of therapy.

(Clovis Oncology, Inc., 2017)
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Ruxolitinib 
(Jakafi®)

Inhibits JAK1 and 
JAK2, which medi-
ate cytokines 
and growth fac-
tors responsible for 
hematopoiesis and 
immune function

PO Intermediate- or high-risk 
myelofibrosis, including pri-
mary myelofibrosis, post–
polycythemia vera myelofibro-
sis, and post–essential throm-
bocytopenia myelofibrosis

Polycythemia vera in patients 
with an inadequate response 
or intolerance to hydroxyurea

Thrombocytopenia, ane-
mia, neutropenia, infections 
(tuberculosis, herpes zos-
ter, hepatitis B), nonmela-
noma skin cancer, hyperlip-
idemia, bruising, dizziness, 
headache

Patients should take twice daily with or without food.
If patients miss a dose, they should skip the dose and take the 

next scheduled dose.
If patients are unable to swallow the tablets, ruxolitinib may be 

mixed to a suspension by adding the tablet to 40 ml of water 
and stirring for 10 minutes before administration via nasogas-
tric tube, followed by a flush with 75 ml of water. Administer 
the suspension within 6 hours of preparation.

Concomitant use of CYP3A4 inhibitors, including grapefruit 
juice, and inducers may alter exposure to ruxolitinib.

Dose modifications may be necessary in patients with moder-
ate or severe hepatic or renal impairment.

The starting dose is based on a patient’s current platelet count; 
monitor CBC every 2–4 weeks until the dose is stabilized, 
then as needed.

Based on indication, duration of therapy, and CBC results, 
doses may be increased or decreased according to response.

When discontinuing therapy for reasons other than thrombo-
cytopenia, a gradual taper by 5 mg twice daily each week 
should occur. Sudden interruption of therapy can lead to 
symptom exacerbation.

Assess lipid parameters approximately 8–12 weeks following 
initiation.

(Incyte Corp., 2016)

Sonidegib 
(Odomzo®)

Inhibits Hedgehog 
pathway by bind-
ing to and inhibit-
ing Smoothened, 
a transmembrane 
protein involved in 
Hedgehog signal 
transduction

PO Locally advanced basal cell 
carcinoma that has recurred 
following surgery or radiation 
therapy or in patients who are 
not candidates for surgery or 
radiation therapy

Black box: Embryo-fetal tox-
icity

Musculoskeletal adverse 
reactions/pain, muscle 
spasms, alopecia, dys-
geusia, fatigue, nausea, 
diarrhea, weight loss, 
decreased appetite, myal-
gia, abdominal pain, head-
ache, pain, vomiting, pru-
ritus

Patients should take once daily on an empty stomach at least 1 
hour before or 2 hours after a meal.

If patients miss a dose, they should resume dosing with the 
next scheduled dose.

Concomitant use of CYP3A4 inhibitors, including grapefruit 
juice, and inducers may alter exposure to sonidegib.

Advise patients to not donate blood for at least 20 months after 
the last dose.

Verify pregnancy status prior to starting therapy. Women of 
reproductive potential should use contraception during treat-
ment and for 20 months following completion of therapy. Men 
should use contraception during treatment and for 8 months 
following completion of therapy.

(Sun Pharmaceutical Industries, Inc., 2017) 
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Sorafenib 
(Nexavar®)

Inhibits multiple 
kinases thought to 
be involved in tumor 
cell signaling, angio-
genesis, and apop-
tosis

PO Unresectable hepatocellular 
carcinoma

Advanced RCC
Locally recurrent or metastatic, 

progressive, differentiated 
thyroid carcinoma refractory 
to radioactive iodine treat-
ment

Cardiac ischemia and/or 
infarction, bleeding, hyper-
tension, dermatologic toxic-
ities, GI perforation, prolon-
gation of QT interval, hepa-
titis, impairment of thyroid-
stimulating hormone sup-
pression, diarrhea, fatigue, 
infection, alopecia, hand-
foot skin reaction, rash, 
weight loss, decreased 
appetite, nausea, GI and 
abdominal pain, hemor-
rhage

Patients should take twice daily without food at least 1 hour 
before or 2 hours after a meal.

Use with carboplatin and paclitaxel is contraindicated in 
patients with squamous cell lung cancer because of 
increased risk of mortality.

Sorafenib may increase activity of warfarin if taken concomitantly.
Concomitant use of CYP3A4 inducers may alter exposure to 

sorafenib.
Temporary interruption is recommended in patients undergoing 

major surgical procedures.
Women and men of reproductive potential should use contra-

ception during treatment and for 2 weeks following comple-
tion of therapy.

(Bayer HealthCare Pharmaceuticals Inc., 2013)

Sunitinib 
(Sutent®)

Inhibits multiple 
receptor tyrosine 
kinases, including 
PDGFR, VEGFR, 
KIT, FLT3, CSF-1R 
and RET, leading to 
decreases in tumor 
cell proliferation and 
reduction of tumor 
angiogenesis 

PO GIST after disease progression 
while on imatinib or intoler-
ance to imatinib

Advanced RCC
Adjuvant treatment of RCC with 

high risk of recurrence follow-
ing nephrectomy

Progressive, well-differentiated,  
unresectable, locally advanced,  
or metastatic pancreatic NETs

Hepatotoxicity including 
liver failure, cardiovascular 
events including myocardial 
ischemia/infarction and left 
ventricular dysfunction, QT 
prolongation and torsades 
de pointes, hypertension, 
hemorrhagic events, TLS, 
thrombotic microangiopathy, 
proteinuria, dermatologic 
toxicities, thyroid dysfunc-
tion, hypoglycemia, osteo-
necrosis of the jaw, impaired 
wound healing, adrenal 
hemorrhage, fatigue, asthe-
nia, fever, diarrhea, nausea, 
mucositis/stomatitis, vomit-
ing, dyspepsia, abdominal 
pain, constipation, hyper-
tension, peripheral edema, 
rash, hand-foot syndrome, 
skin discoloration, dry skin, 
hair color changes, altered 
taste, headache, back pain, 
arthralgia, extreme pain, 
cough, dyspnea, anorexia, 
bleeding

Patients should take daily with or without food. The utilization of 
an off-treatment period varies based on indication.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, or inducers may alter exposure to sunitinib.

Obtain baseline LVEF prior to initiation of sunitinib, especially in 
patients with cardiac risk factors.

Monitor and correct for hypomagnesemia and hypokalemia to 
reduce risk of QT prolongation.

Consider preventive dentistry prior to treatment. Avoid invasive 
dental procedures, especially in patients receiving concurrent 
bisphosphonates.

Temporary interruption of therapy is recommended during 
major surgical procedures.

(Pfizer Inc., 2015)
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Temsirolimus 
(Torisel®)

Binds to the intra-
cellular protein 
FKBP12, resulting in 
inhibition of mTOR, 
causing an interrup-
tion of cell division

IV Advanced RCC Hypersensitivity reaction, 
hyperglycemia, hyperlipid-
emia, infections (PJP), ILD, 
bowel perforation, renal 
failure, abnormal wound 
healing, rash, asthenia, 
mucositis, nausea, edema, 
anorexia, anemia, hyper-
triglyceridemia, elevated 
alkaline phosphatase, ele-
vated serum creatinine, 
lymphopenia, hypophos-
phatemia, thrombocytope-
nia, elevated AST, leuko-
penia

Administer over 30–60 minutes.
Premedicate with prophylactic IV diphenhydramine 25–50 mg (or 

similar antihistamine) approximately 30 minutes before the start 
of each dose. To treat hypersensitivity reaction, stop infusion 
and treat with an antihistamine (such as diphenhydramine) if 
not previously administered and/or an H2 antagonist (IV famoti-
dine or ranitidine) approximately 30 minutes before restarting. 
Temsirolimus may then be started at a lower infusion rate (up to 
60 minutes) following a 30–60-minute observation period.

Store drug in refrigerator and protect from light.
Vial content must first be diluted with enclosed diluent before 

diluting the resultant solution with 250 ml NS. Prepare temsi-
rolimus in PVC-free, non-DEHP glass bottles or infusion bags 
(polypropylene, polyolefin) and use polyethylene-lined tubing.

Protect prepared product from light and administer through an 
in-line filter of < 5 microns within 6 hours after dilution in NS.

Concomitant use of CYP3A4 inhibitors, including grapefruit 
juice, and inducers may alter exposure to temsirolimus.

Dose-limiting toxicities were observed in combination with suni-
tinib.

Angioedema has been reported in combination with angiotensin- 
converting enzyme inhibitors or calcium channel blockers.

Dose modifications are required in patients with mild hepatic 
impairment, and drug is contraindicated in patients with biliru-
bin > 1.5 × ULN.

Hyperglycemia and hyperlipidemia are likely and may require 
treatment. Monitor glucose and lipid profiles.

Patients with central nervous system tumors or receiving addi-
tional anticoagulation may be at increased risk for bleeding.

Because of the risk for abnormal wound healing, use with cau-
tion in the perioperative period.

Patients should avoid receiving live vaccines and having close 
contact with those who have received live vaccines.

Bowel perforations may occur; promptly evaluate for fever, 
abdominal pain, bloody stools, and acute abdominal pain.

Older adult patients may be more likely to experience certain 
adverse reactions, including diarrhea, edema, and pneumonia.

Monitor renal function at baseline and throughout treatment.
Women and men of reproductive potential should use contra-

ception during treatment and for 3 months following comple-
tion of therapy.

(Pfizer Inc., 2017c)
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Tofacitinib 
(Xeljanz®)

Inhibits JAKs, pre-
venting phosphory-
lation and activation 
of signal transduc-
ers and activators 
of transcription that 
modulate intracellu-
lar activity, including 
gene expression

PO Moderately to severely active 
rheumatoid arthritis in 
patients with inadequate 
response or intolerance to 
methotrexate as monotherapy 
or in combination with meth-
otrexate or other nonbiologic 
disease-modifying antirheu-
matic drugs

Black box: Serious infec-
tions (tuberculosis, bacte-
rial, invasive fungal, viral, 
other opportunistic infec-
tions), lymphoma, and 
other malignancies

GI perforations, lymphocy-
tosis, neutropenia, ane-
mia, increased AST/ALT, 
lipid elevations, increased 
serum creatinine, upper 
respiratory tract infection, 
headache, diarrhea, naso-
pharyngitis

Patients should take once daily (extended-release formulation) 
or twice daily with or without food and should not crush, split, 
or chew extended-release tablets.

Avoid live vaccines.
Concomitant use of CYP3A4 or CYP2C19 inhibitors, includ-

ing grapefruit juice, and inducers may alter exposure to tofaci-
tinib.

Dose adjustment is required in patients with moderate or 
severe hepatic or renal impairment.

Test patients for tuberculosis prior to initiating therapy.
(Pfizer Inc., 2016)

Trametinib 
(Mekinist®)

Reversible inhibitor 
of MEK1 and MEK2, 
which are upstream 
regulators of the 
extracellular signal-
related kinase path-
way that promotes 
cellular proliferation

PO Single agent for unresectable 
or metastatic melanoma with 
BRAF V600E or V600K muta-
tion

Combination with dabrafenib 
for unresectable or metastatic 
melanoma with BRAF V600E 
mutation

Combination with dabrafenib 
for metastatic NSCLC with 
BRAF V600E mutation

New primary malignancies 
(cutaneous and noncuta-
neous), hemorrhage, colitis 
and GI perforation, venous 
thromboembolism, cardio-
myopathy, ocular toxici-
ties, ILD/pneumonitis, seri-
ous febrile reactions, seri-
ous skin toxicity, hyper-
glycemia, rash, diarrhea, 
lymphedema, pyrexia, nau-
sea, chills, vomiting, hyper-
tension, peripheral edema, 
fatigue, dry skin, anorexia, 
edema, cough, dyspnea

Patients should take once daily at least 1 hour before or 2 
hours after a meal.

Dose modifications are required based on the severity of the 
adverse reaction. Discontinue in patients unable to tolerate at 
least 1 mg daily.

Following the first febrile reaction, administer antipyretics as 
secondary prophylaxis. Administer corticosteroids for at least 
5 days for second or subsequent development of pyrexia 
if temperature does not return to baseline within 3 days of 
onset.

Women of reproductive potential should use contraception dur-
ing treatment and for 4 months following completion of ther-
apy.

(Novartis Pharmaceuticals Corp., 2017c)
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Vandetanib 
(Caprelsa®)

Inhibits VEGFR 
and EGFR tyrosine 
kinase activity that 
interferes with onco-
genesis, metastasis, 
tumor angiogenesis, 
and maintenance of 
the tumor microenvi-
ronment 

PO Symptomatic or progres-
sive, unresectable, locally 
advanced or metastatic med-
ullary thyroid cancer

Black box: QT prolongation, 
torsades de pointes, sud-
den death

Skin reactions, skin photo-
sensitivity, ILD, ischemic 
cardiovascular events, 
hemorrhage, heart fail-
ure, diarrhea, hypothyroid-
ism, hypertension, RPLS, 
diarrhea/colitis, rash, acne, 
nausea, headache, upper 
respiratory tract infection, 
anorexia, abdominal pain

Patients should take once daily with or without food.
Do not crush tablets. If patients are unable to swallow tablets, 

tablets can be dispersed in 2 oz of water, stirred for approx-
imately 10 minutes, and then swallowed immediately. Any 
residue in the glass should be mixed with 4 oz of additional 
water and swallowed. The tablets will not dissolve completely.

If a dose is missed, the dose can be taken up to 12 hours prior 
to the next dose.

Concomitant use with CYP3A4 inducers, including grapefruit 
juice, may decrease exposure to vandetanib and should be 
avoided.

Dose modifications are required for moderate or severe renal 
impairment. Do not use in patients with moderate or severe 
hepatic impairment.

Vandetanib increases concentrations of metformin and digoxin; 
use caution and closely monitor for toxicities.

Vandetanib is available only through a restricted distribution 
program requiring certification of prescribers and pharmacies.

Use is contraindicated in patients with congenital QT prolonga-
tion.

Monitor and correct for hypocalcemia, hypomagnesemia, and 
hypokalemia to reduce risk of QT prolongation.

Avoid concomitant use of drugs that prolong QT interval or per-
form more frequent ECG monitoring if use is unavoidable.

Instruct patients to wear sunscreen and protective clothing 
when exposed to sun.

Women of reproductive potential should use contraception dur-
ing treatment and for 4 months following completion of ther-
apy.

(Sanofi Genzyme, 2016)
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Vemurafenib 
(Zelboraf®)

Inhibits the mutated 
form of BRAF serine/ 
threonine kinase, 
which is constitu-
tively activated in 
the mutated forms, 
causing cell prolifer-
ation in the absence 
of growth factors 
normally required for 
proliferation

PO Unresectable or metastatic 
melanoma with BRAF V600E 
mutation

Erdheim-Chester disease with 
BRAF V600 mutation

New primary cutaneous 
malignancies, new noncu-
taneous squamous cell car-
cinoma, other malignan-
cies, hypersensitivity reac-
tions, skin reactions, QT 
prolongation, hepatotoxic-
ity, photosensitivity, serious 
ophthalmologic reactions, 
arthralgia, alopecia, pruri-
tus, fatigue, nausea, skin 
papilloma, radiation recall 

Patients should take approximately every 12 hours with or with-
out food. Tablets should not be crushed or chewed.

If patients miss a dose, they can take it up to 4 hours prior to 
the next dose. If a dose is vomited, patients should take the 
next scheduled dose, not an additional dose.

Concomitant use with CYP3A4 inhibitors, including grapefruit 
juice, and inducers may alter exposure to vemurafenib.

Avoid use of vemurafenib with CYP1A2 or P-gp substrates.
Do not use in wild-type BRAF melanoma because of the risk 

for increased cell proliferation.
Patients should receive a dermatologic evaluation prior to start-

ing vemurafenib and then every 2 months thereafter until 6 
months post-therapy because of the risk of new primary cuta-
neous malignancies.

Dose modifications are required based on the severity of the 
adverse reaction. Discontinue in patients unable to tolerate at 
least 480 mg twice daily.

Monitor and correct for hypocalcemia, hypomagnesemia, and 
hypokalemia to reduce risk of QT prolongation.

ECG should be obtained at baseline, 15 days after the start of 
treatment, monthly during the first 3 months of treatment, and 
then at least every 3 months thereafter.

Avoid use in patients with a QTc > 500 ms, and hold therapy if 
QTc exceeds this time during treatment.

Instruct patients to avoid sun exposure and wear protective 
clothing and use broad-spectrum sunscreen and lip balm 
(SPF ≥ 30) when outdoors.

Increases in transaminase and bilirubin occurred in a majority 
of patients receiving concurrent ipilimumab.

Women of reproductive potential should use contraception dur-
ing treatment and for 2 weeks following completion of therapy.

(Genentech, Inc., 2017)

Venetoclax 
(Venclexta®)

Inhibits Bcl-2, an 
antiapoptotic prod-
uct

PO CLL with 17p deletion in 
patients who have received at 
least 1 prior therapy

TLS, neutropenia, diarrhea, 
nausea, anemia, upper 
respiratory tract infection, 
thrombocytopenia, fatigue

Patients should take once daily with a meal and water at 
approximately the same time each day. Tablets should not be 
chewed, crushed, or broken.

The dose should be increased according to a weekly ramp-up 
schedule over 5 weeks.

If patients miss a dose by more than 8 hours or vomit, they should 
take the next regularly scheduled dose at the usual time.

Concomitant use with CYP3A4 or P-gp inhibitors, including grape-
fruit juice, or inducers may alter exposure to venetoclax. P-gp 
substrates should be taken at least 6 hours before venetoclax.

(Continued on next page)
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Drug
Mechanism  

of Action Route Indications Side Effects Nursing Considerations

Venetoclax 
(Venclexta®) 
(cont.)

Concurrent use of CYP3A4 inhibitors during the ramp-up phase 
is contraindicated.

Administer TLS prophylaxis. Patients with high tumor burden 
are recommended to be admitted for administration of the first 
dose of weeks 1 and 2.

Do not administer live attenuated vaccines prior to, during, or 
after treatment.

Women of reproductive potential should use contraception dur-
ing treatment and for 30 days following completion of therapy.

(AbbVie Inc., 2016) 

Vismodegib 
(Erivedge®)

Inhibits the Hedge-
hog pathway via 
binding to and inhib-
iting Smoothened, 
a transmembrane 
protein involved in 
Hedgehog signal 
transduction

PO Metastatic basal cell carci-
noma or locally advanced 
basal cell carcinoma that has 
advanced following surgery or 
in patients who are not can-
didates for surgery or radia-
tion therapy

Black box: Embryo-fetal tox-
icity

Premature fusion of epiphy-
ses, muscle spasm, alo-
pecia, dysgeusia, weight 
loss, fatigue, nausea, diar-
rhea, anorexia, constipa-
tion, arthralgia, vomiting, 
ageusia 

Patients should take once daily with or without food and swal-
low capsules whole. Capsules should not be crushed or 
chewed.

If patients miss a dose, they should take the next regularly 
scheduled dose at the usual time.

Because of teratogenicity, determine pregnancy status of 
women of childbearing age within 7 days prior to starting ther-
apy. Inform male patients of fetal risk and instruct on use of 
contraception during treatment.

Patients may not donate blood during treatment and for at least 
24 months after completing treatment. Men should not donate 
semen during treatment and for 3 months after therapy.

Women of reproductive potential should use contraception dur-
ing treatment and for 24 months after the final dose. Men 
should use contraception during treatment for 3 months fol-
lowing completion of therapy.

(Genentech, Inc., 2016c)

Vorinostat 
(Zolinza®)

Inhibits HDAC, lead-
ing to accumulation 
of acetyl groups on 
histone lysine res-
idues, resulting in 
cell cycle arrest and/
or apoptosis 

PO Cutaneous manifestations of 
cutaneous T-cell lymphoma 
in patients who have progres-
sive, persistent, or recurrent 
disease following 2 systemic 
therapies

Pulmonary embolism/deep 
vein thrombosis, thrombo-
cytopenia, anemia, nausea, 
vomiting, diarrhea, hyper-
glycemia, clinical chemis-
try abnormality (creatinine, 
magnesium, calcium), GI 
bleeding, fatigue, anorexia, 
dysgeusia

Patients should take once daily with food.
Do not open or crush the capsules.
Use with other HDAC inhibitors (e.g., valproic acid) increases 

the risk for GI bleeding.
Use in combination with warfarin may lead to elevated INR. 

Monitor INR frequently.
Dose modifications are required for mild, moderate, or severe 

hepatic impairment.
Patients may require antiemetics, antidiarrheals, fluid, and elec-

trolytes.
(Merck and Co., Inc., 2015)

(Continued on next page)
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Table 8-1. Targeted Therapies (Continued)

Drug
Mechanism  

of Action Route Indications Side Effects Nursing Considerations

Ziv-aflibercept 
(Zaltrap®)

Acts as a solu-
ble receptor and 
binds to VEGF-A, 
VEGF-B, and pla-
cental growth factor 
(known as PIGF), 
leading to inhibition 
of neovasculariza-
tion and decreased 
vascular permea-
bility

IV In combination with 5-fluorouracil,  
leucovorin, and irinotecan 
in patients with metastatic 
colorectal cancer that is resis-
tant or progressing following 
treatment with oxaliplatin- 
based therapy

Black box: Hemorrhage, 
GI perforation, impaired 
wound healing

Fistula formation, hyperten-
sion, arterial thromboem-
bolic events (e.g., transient 
ischemic attack, cerebro-
vascular accident, angina), 
proteinuria, nephrotic syn-
drome, thrombotic micro-
angiopathy, neutropenia, 
infection, diarrhea, dehy-
dration, RPLS, increases 
in AST/ALT, weight loss, 
anorexia, epistaxis, abdom-
inal pain, dysphonia, ele-
vated serum creatinine, 
headache

Administer infusions over 1 hour through a 0.2 micron poly-
ethersulfone filter prior to any of the other drugs used in the 
chemotherapy regimen.

Store in refrigerator and keep vials in original container until 
time of use to protect from light.

Do not use with filters made from polyvinylidene fluoride or 
nylon.

Do not use product if solution is anything other than clear/color-
less to pale yellow in color.

Discard unused product following initial one-time access into 
vial.

Dilute in NS or D5W to a concentration of 0.6 to 8 mg/ml.
Do not administer combined with other IV medications in the 

same infusion bag or IV line.
Diluted solution may be stored under refrigeration for up to 24 

hours and at room temperature for up to 8 hours.
Hold dosing at least 4 weeks prior to elective surgery and do 

not resume for at least 4 weeks following major surgery and 
until the wound is fully healed.

Hold dosing if recurrent or severe hypertension occurs and 
restart at a lower dose once blood pressure is controlled.

Monitor urine protein and hold dosing if proteinuria > 2 g/24 
hours; restart once proteinuria < 2 g/24 hours. Dose reduction 
is recommended for recurrent proteinuria > 2 g/24 hours.

Women and men of reproductive potential should use contra-
ception during treatment and for 3 months following comple-
tion of therapy.

(Sanofi-Aventis U.S. LLC, 2016)

Note. For hazardous oral medications, additional precautions should be taken to prevent exposure when handling or manipulating. Refer to Chapter 12, Safe Handling of Hazardous Drugs.
ALK—anaplastic lymphoma kinase; ALL—acute lymphoblastic leukemia; ALT—alanine transaminase; AML—acute myeloid leukemia; ANC—absolute neutrophil count; ASM—aggressive systemic mastocyto-
sis; AST—aspartate transaminase; BCRP—breast cancer resistance protein; BRCA—breast cancer gene; CBC—complete blood count; CLL—chronic lymphocytic leukemia; CML—chronic myeloid leukemia; 
CPK—creatine phosphokinase; DEHP—di(2-ethylhexyl) phthalate; D5W—5% dextrose in water; ECG—electrocardiogram; EGFR—epidermal growth factor receptor; FLT3—FMS-like tyrosine kinase 3; GI—gas-
trointestinal; GIST—gastrointestinal stromal tumor; HDAC—histone deacetylase; HER—human epidermal growth factor receptor; HGFR—hepatocyte growth factor receptor; HR—hormone receptor; H2—his-
tamine; IDH2—isocitrate dehydrogenase 2; IGF-1R—insulin-like growth factor 1 receptor; ILD—interstitial lung disease; INR—international normalized ratio; INSR—insulin receptor; IV—intravenous; JAK—ja-
nus kinase; LFTs—liver function tests; LVEF—left ventricular ejection fraction; MDS—myelodysplastic syndrome; mTOR—mammalian target of rapamycin; NaCl—sodium chloride; NET—neuroendocrine tumor; 
NHL—non-Hodgkin lymphoma; NS—normal saline; NSCLC—non-small cell lung cancer; PARP—poly(ADP-ribose) polymerase; PDGF—platelet-derived growth factor; PDGFR—platelet-derived growth factor 
receptor; P-gp—P-glycoprotein; Ph—Philadelphia chromosome; PI3K—phosphoinositide 3-kinase; PJP—Pneumocystis jiroveci pneumonia; PO—by mouth; PPI—proton pump inhibitor; PVC—polyvinyl chloride; 
RCC—renal cell carcinoma; RPLS—reversible posterior leukoencephalopathy syndrome; SC—subcutaneous; SCF—stem cell factor; SLL—small lymphocytic lymphoma; SPF—sun protection factor; TKI—tyro-
sine kinase inhibitor; TLS—tumor lysis syndrome; TPO—thrombopoietin; ULN—upper limit of normal; VEGF—vascular endothelial growth factor; VEGFR—vascular endothelial growth factor receptor
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CHAPTER 9

Principles of the Immune System

A. Overview of immunology
1. Current advances in immunotherapy utilize 

existing immune pathways and cellular mech-
anisms as a therapeutic approach to the treat-
ment and prevention of cancer. Basic knowledge 
of the immune system and immune response to 
tumor cells is essential to understand the clin-
ical application of immunotherapy, the use of 
the body’s own immune system mechanisms to 
treat cancer.

2. The immune system (see Figure 9-1) is a highly 
specialized and adaptive system of barriers, 
organs, cells, and molecules that guards an indi-
vidual by providing the following (Abbas, Licht-
man, & Pillai, 2016):
a) Protection: Defense against foreign patho-

gens (i.e., bacteria, viruses, fungi, and par-
asites)

b) Homeostasis: Elimination of damaged or dead 
cells and initiation of tissue repair

c) Surveillance: Identification of foreign or non-
self substances; inhibition of tumor growth

B. Types of immune response
1. An immune response is the reaction of the 

immune system against a foreign substance, or 
antigen (e.g., bacteria). The immune system con-
sists of two types of immunity: innate and adap-
tive (Actor, 2014; see Table 9-1).

2. Innate, also known as natural or native immu-
nity (see Figure 9-2)
a) Innate immunity is the first line of defense 

and is essential for inducing a nonspecific 
response to a pathogen or foreign substance 
(Actor, 2014). It does not generate immuno-
logic memory.

b) Components of innate immunity (Actor, 2014)
(1) Physical barriers (skin and mucous 

membranes)
(2) Mechanical barriers (coughing, sneez-

ing, and blinking)
(3) Chemical barriers (tears, acidic pH, 

and sweat)

(4) Inflammatory barriers (vascular fluid 
leakage)

(5) Complement activation (plasma pro-
teins mark pathogens for destruc-
tion)

(6) Acute-phase protein production 
(recruit phagocytes to site of infection 
or tissue injury)

(7) Production of large granular lympho-
cytes (kill and digest pathogens)

Figure 9-1. Primary and Secondary  
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3. Adaptive or acquired immunity
a) Adaptive immunity is the secondary line of 

defense and involves immunologic memory, 
specificity, and collaboration of B and T cells 
(Medina, 2016).

b) Three types of adaptive immunity (see Fig-
ure 9-2)

(1) Humoral immunity: B lymphocytes, 
memory B cells, and plasma cells 

mediate humoral immunity. The 
result is the production of immuno-
globulins (Igs), or antibodies (Actor, 
2014).

(2) Cell-mediated immunity: This type of 
immunity is mediated by T cells and 
their cytokine products. It does not 
involve an antibody but rather cyto-
toxic T cells and helper T cells (TH1 
or TH2) (Actor, 2014; Annunziato, 
Romagnani, & Romagnani, 2015).

(3) Regulatory T cells (Tregs), also known 
as suppressor T cells (Hall, 2015): Tregs 
limit the activity of other immune effec-
tor cells.
(a) Major role is to prevent the onset 

of immunity to normal tissue of 
the body and limit the inflamma-
tory response that can occur with 
infections.

(b) Absence of Tregs may trigger 
inflammatory disorders primar-
ily involving the bowel, skin, and 
liver.

Table 9-1. Innate and Adaptive Immune Responses

Immune 
Response

Mechanism of 
Action Cells Primarily Involved

Innate Primary line of 
defense

Nonspecific
No memory

Neutrophils
Monocytes, macrophages
Large granular lympho-

cytes (natural killer cells)

Adaptive Secondary line of 
defense

Specific memory

Lymphocytes
T cells (in cell-mediated 

immunity)
B cells (in humoral immunity)

Note. Based on information from Paul, 2013. 

Figure 9-2. The Innate and Adaptive Immune Response

The innate immune response functions as the first line of defense against infection. It consists of soluble factors, such as complement 
proteins, and diverse cellular components including granulocytes (basophils, eosinophils and neutrophils), mast cells, macrophages, 
dendritic cells and natural killer cells. The adaptive immune response is slower to develop, but manifests as increased antigenic spec-
ificity and memory. It consists of antibodies, B cells, and CD4+ and CD8+ T lymphocytes. Natural killer T cells and γδ T cells are cyto-
toxic lymphocytes that straddle the interface of innate and adaptive immunity.

Note. From “Cytokines in Cancer Pathogenesis and Cancer Therapy,” by G. Dranoff, 2004, Nature Reviews Cancer, 4, p. 13. Copyright 2004 by Springer 
Nature. Reprinted with permission.
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C. Organs of the immune system (Actor, 2014; Rud-
dle, 2014)
1. The immune system consists of primary and sec-

ondary lymphoid organs.
2. Primary lymphoid organs are bone marrow and 

thymus. They are sites of lymphocyte develop-
ment and differentiation.

3. Secondary lymphoid organs include lymph 
nodes, spleen, Peyer’s patches, adenoids, tonsils, 
and mucosa-associated lymphoid tissue. They are 
sites of antigen-driven proliferation and lympho-
cyte maturation.

D. Cells of the immune system (see Figure 9-3)
1. The immune response involves the intricate inter-

action of a number of cells and proteins. Cells 
are widely categorized by their progenitor bone 
marrow cell lines (Actor, 2014; see Figure 14-1).

2. Myeloid cells arise from the myeloid stem cell 
line, which also gives rise to red blood cells and 
platelets (Weiskopf et al., 2016).
a) Myeloid immune cells are called granulo-

cytes and include neutrophils, eosinophils, 
and basophils.

b) Neutrophils are the first responders, phago-
cytosing infection and initiating inflam-
mation.

3. Lymphoid cells arise from the lymphoid stem 
cell line and include effector cell functions 
(Actor, 2014).
a) T cells

(1) Helper T cells: These cells coor-
dinate the immune response and 
cell-mediated immunity; they are 
required to maintain cytotoxic T-cell 
responses and express CD4.

(a) TH1 cells are necessary for activat-
ing macrophages and are involved 
in the production of certain anti-
body isotypes.

(b) TH2 cells are effective activators 
of B cells, particularly in primary 
responses.

(2) Cytotoxic T cells: These cells kill for-
eign cells, virally infected cells, or cells 
with new surface antigens. Cytotoxic T 
cells express CD8.

(3) Tregs/suppressor T cells: These cells 
interfere with the development of an 
immune reaction when recognizing an 
antigen. Their primary role is to mod-
ulate the severity of inflammation pro-
duced by infection and prevent auto-
immunity; they may be involved in 
malignancy.

(4) Memory T cells: These cells recognize 
specific antigens and induce recall 
responses.

b) B lymphocytes give rise to plasma cells and 
memory cells (Actor, 2014).

(1) Plasma cells manufacture antibodies 
(or Igs) specific to an initiating antigen.
(a) Their function is to enhance 

effector cell functions. The 
majority of peripheral blood anti-
bodies are IgG, which enhances 
phagocytosis of antigen by mac-
rophages, monocytes, polymor-
phonuclear cells, and some lym-
phocytes.

(b) IgM is the first antibody produced 
in response to an antigen.

Figure 9-3. Cells of the Immune System 

 
CD—cluster of differentiation; Ig—immunoglobulin; NK—natural killer; TC—cytotoxic T cell; TH—helper T cell
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(c) IgA is present in body secretions 
and helps to prevent infections at 
sites where the environment inter-
acts with the body, such as the nose 
and lungs.

(d) IgD is present in small amounts 
in normal serum. The exact bio-
logic function is unclear; however, 
IgD may have some antibody func-
tion for penicillin, diphtheria, 
and insulin.

(e) IgE exists in trace amounts in nor-
mal serum and is associated with 
immediate hypersensitivity reac-
tions. IgE antibodies are generated 
when combined with certain anti-
gens, thus activating the release of 
histamine from mast cells.

(2) Memory cells recognize a specific anti-
gen and can survive for a long period 
of time after clearance of the primary 
infestation. They can quickly produce 
antigen-specific antibodies upon reex-
posure (Kurosaki, Kometani, & Ise, 
2015).

c) Natural killer (NK) cells: These cells are 
cytotoxic to tumor cells and virally infected 
autologous cells by producing substances 
that can bind to and destroy foreign invad-
ers without having to identify a specific anti-
gen. NK cells identify foreign substances by 
their lack of identifying surface molecules 
(Marcus et al., 2014).

d) NKT cells: These cells have markers of both 
NK and T cells (Marcus et al., 2014).

E. Immune system proteins and receptors
1. Several components of the immune system direct 

immune cells to desired target sites of immune 
activity and also mediate response with the goal 
of limiting autoimmunity.

2. Checkpoint molecules: Checkpoint molecules 
contribute to inhibition of T-cell immune 
responses (Beatty & Gladney, 2015; Ott, Hodi, 
& Robert, 2013; Pardoll, 2012; Zitvogel &  
Kroemer, 2012).
a) Cytotoxic T-lymphocyte antigen 4 (CTLA-4): 

CTLA-4 ligands bind to antigen-presenting 
cells, downregulating T-cell activity. CTLA-4 
expression decreases the activation of T cells, 
as well as sends inhibitory signals to the T cell. 
CTLA-4 is expressed by activated CD8+ cells, 
but the primary role of CTLA-4 is dimin-
ishing helper T-cell activity and enhancing 
Tregs’ immunosuppressive activity.

b) Programmed cell death protein 1 (PD-1): 
PD-1 is an inhibitory receptor on T cells 
that interacts with its ligand, programmed 
cell death-ligand 1 (PD-L1). PD-1/PD-L1 
interaction inhibits T-cell proliferation and 
cytotoxic function, induces T-cell regula-
tory function, and induces T-cell apoptosis. 
PD-L1 overexpression has been observed in 
several tumor types and is correlated with 
poor prognosis.

3. Epidermal growth factor receptors (EGFRs; 
Keith & Abueg, 2015; Lemmon, Schlessinger, & 
Ferguson, 2014; Normanno et al., 2006)
a) Function and structure

(1) EGFRs are membrane-bound surface 
proteins (tyrosine kinase receptors) 
consisting of three components: an 
extracellular portion that binds circu-
lating growth factors such as epider-
mal growth factors, a transmembrane 
portion, and an intracellular portion 
that interacts with cell signal transduc-
tion pathways.

(2) EGFRs communicate extracellular 
growth signals via the internal cell 
signal transduction pathways to the 
cell nucleus, ultimately causing gene 
activation.

(3) EGFR activation (termed dimerization) 
occurs through interaction with circu-
lating growth factors or by interaction 
with a neighboring EGFR.

(4) EGFRs are a member of the ErbB 
family of membrane-bound tyrosine 
kinase receptors. The members are 
EGFR (ErbB1), HER2 (ErbB2), HER3 
(ErbB3), and HER4 (ErbB4).

b) EGFRs are often mutated or overexpressed 
in malignant tumors. EGFR mutations result 
in EGFR pathway activation in the absence 
of the appropriate extracellular growth sig-
nal, resulting in unregulated tumor growth.

c) EGFRs are common targets of immunother-
apy and targeted therapies.

(1) Monoclonal antibodies target the 
surface-bound portion of EGFRs, 
inducing immune-mediated cellular 
toxicity and halting cell signal trans-
duction.

(2) Small molecule tyrosine kinase inhib-
itors disrupt the interaction between 
molecules of the cell signal transduc-
tion pathways.

4. Cytokines: Cytokines are glycoprotein products 
of immune cells such as lymphocytes and mac-
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rophages. Cytokines are produced in response 
to T-cell activation and mediate effector defense 
functions. Cytokines (e.g., interleukins [ILs], 
interferon) themselves usually are not cytotoxic 
(Iwasaki & Medzhitov, 2015).

5. Chemokines: Known as chemotactic cytokines, 
these protein molecules regulate leukocyte 
migration and are key organizers of cell dis-
tribution in both immune and inflammatory 
responses (Griffith, Sokol, & Luster, 2014).

F. Phases of immune response (Abbas et al., 2016; 
Actor, 2014)
1. Antigen recognition: Circulating antibodies rec-

ognize a foreign antigen, which activates the 
immune system.

2. Lymphocyte activation: B or T cells are acti-
vated to proliferate and differentiate into effec-
tor lymphocytes.

3. Effector phase: Foreign antigen is inactivated 
or destroyed.

4. Contraction: During this phase, T-cell expan-
sion is inhibited or activated cells are eliminated 
by apoptosis, facilitating the immune system’s 
return to a resting state and limiting tissue dam-
age and chronic inflammation.

5. Memory: Lymphocytes that survive the immune 
response become memory cells that can rec-
ognize a former antigen and initiate a rapid 
response.

G. Immune interaction with targets
1. The immune system interacts with the body by 

recognizing and evaluating various characteris-
tic structures on circulating cells. 

2. Targeted therapies and immunotherapies use 
the structures to identify their targets.
a) Cluster of differentiation (CD) markers are 

commonly expressed on cell surfaces, espe-
cially on immune cells. These CD markers 
(e.g., CD4, CD20) are associated with cer-
tain immune functions.

b) Membrane-bound receptors (e.g., EGFR) 
mediate the interaction of the cell with cir-
culating growth factors.

c) Antigens are molecular structures that are 
recognized by and can stimulate the immune 
system.

d) Antigen-presenting cells (e.g., macrophages, 
B cells, dendritic cells) efficiently present 
antigen to T cells; only dendritic cells are 
capable of initiating a primary immune 
response.

(1) Antigen presentation must occur in 
the presence of inflammatory factors 

to generate immune response. Antigen 
presentation in the absence of a non-
inflammatory environment can result 
in immune tolerance.

(2) Tumors manipulate antigen presenta-
tion as a mechanism of tumor escape.

H. Tumor escape mechanisms
1. Immune surveillance refers to the process “whereby 

the immune system identifies cancerous and/or 
precancerous cells and eliminates them before 
they can cause harm” (Swann & Smyth, 2007, p. 
1137). When immune surveillance fails, tumor 
formation occurs (Beatty & Gladney, 2015; Swann 
& Smyth, 2007).

2. Theories of tumor escape mechanisms (Beatty & 
Gladney, 2015; Coulie, Van den Eynde, van der 
Bruggen, & Boon, 2014; Demaria, 2013; Motz & 
Coukos, 2013; Teng, Kershaw, & Smyth, 2013)
a) Altered immunogenicity: Tumor antigens 

are either cell surface molecules that func-
tion as targets for antibody responses or are 
intracellular molecules that are presented 
within the context of major histocompati-
bility complex (MHC) molecules capable 
of T-cell recognition. Alterations to anti-
gen recognition or presentation dampen 
immune response.

(1) Tumor recognized as self: Tumors 
express surface antigens that are also 
expressed on self-cells.

(2) Neoantigens are products of acquired 
gene mutations resulting in altered 
antigen expression on the tumor cell 
surface, allowing the antigen to go 
unrecognized by the humoral immune 
system.

(3) MHC molecule loss or alteration blunts 
cell-mediated immune response.

(4) The peptide epitope (antigen) that 
binds to the MHC molecule and is rec-
ognized by T cells is lost or mutated.

(5) Antibodies produced as part of the 
immune response cause antigens to 
enter the tumor cell or leave it com-
pletely. This further limits immune 
cells’ ability to recognize the tumor 
cell as nonself.

b) Acquired deficiencies to immune sensitivity
(1) These include age- and disease- 

associated a lterat ions, such as 
decreased or increased apoptosis and 
signaling defects of T cells.

(2) Immunologic aging or immunosenes-
cence causes a decline in the follow-
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ing: numbers of naïve T cells; gener-
ation of cytotoxic T cells, hematopoi-
etic stem cells, phagocytes, and NK 
cells; production of IL-2; signal trans-
duction of lymphocytes; and humoral 
immunity. It also results in decreased 
antigen response and proliferation, 
increased number of memory T cells, 
and a potentially decreased number of 
functional Tregs.

c) Tumors develop adaptive mechanisms to 
evade immune detection.

(1) Tumors create a microenvironment 
rich in suppressive interactions that 
downregulate immune response. 
Immune interactions occurring in the 
tumor microenvironment can result 
in immune suppression rather than 
immune activation (Beatty & Gladney, 
2015; Demaria, 2013; Motz & Coukos, 
2013; Teng et al., 2013).
(a) The tumor itself produces sub-

stances that alter or inhibit the 
body’s immune response. Exam-
ples include transforming growth 
factor-beta, IL-10, and adenosine, 
which limit T-cell toxicity func-
tions.

(b) Tumors can overexpress recep-
tors or immune checkpoints (e.g., 
CTLA-4, PD-1, lymphocyte acti-
vation gene 3 [known as LAG3]), 
which inhibit T-cell activity.

(c) Tumors recruit Tregs. Tregs’ inter-
action with tumor antigen results 
in sustained immune tolerance 
and T-cell suppression.

(d) Tumors fail to give off inflamma-
tory warning signals to stimulate 
an immune response. T-cell inter-
action in the absence of inflam-
matory signals results in sustained 
immune tolerance.

(2) Immunoediting is the development of an 
immune-resistant tumor mass resulting 
from prior exposure to immune attack. 
Three phases lead to its development 
(Chen & Mellman, 2013; Mittal, Gubin, 
Schreiber, & Smyth, 2014; Swann & 
Smyth, 2007; Teng et al., 2013).
(a) In the elimination phase, cellular 

and humoral immune cells elimi-
nate highly immunogenic tumor 
cells. Cells with low immunoge-
nicity survive.

(b) Tumor cells with low immunoge-
nicity are ignored by a tolerant 
immune system during the equi-
librium phase.

(c) The tumor mass is allowed to 
grow and spread unchecked in 
the escape phase.

I. Angiogenesis (Bielenberg & Zetter, 2015; Rajabi & 
Mousa, 2017; Zhao & Adjei, 2015)
1. Angiogenesis is the development of new blood 

vessels. It is a complex, multistep process required 
for a host of normal functions, including wound 
healing, tissue repair, reproduction, growth, and 
development.

2. Under normal circumstances, angiogenesis is 
tightly controlled by a balance of stimulators 
and inhibitors.

3. In malignant angiogenesis, that balance is dis-
rupted, leading to irregular molecular and cel-
lular events that contribute to tumor neovascu-
larization.

4. In the context of tumors, angiogenesis refers to the 
growth of new vessels within a tumor. The new 
vessels develop from the existing vascular net-
work and provide a blood supply for the tumor.

5. Tumors are initially antiangiogenic; the angio-
genic switch converts the tumor to a proangio-
genic state that leads to the development of new 
blood vessels.
a) Hypoxia activates intracellular molecules, 

including the hypoxia-inducible factor-1 
(HIF-1) complex. HIF-1 activation causes 
upregulation of proangiogenic factors, 
including vascular endothelial growth fac-
tor (VEGF), platelet-derived growth factor, 
and nitric oxide synthase. HIF-1 is essential 
in inducing the angiogenic switch.

b) VEGF and basic fibroblast growth factor are 
circulating growth factors known to induce 
angiogenesis. Their presence has been 
reported to correlate with extent of disease, 
clinical status, and survival.

c) Endothelial cells line the vasculature of nor-
mal tissues. In a resting state, they provide a 
homeostatic barrier that prevents the uncon-
trolled extravasation of intravascular compo-
nents and inhibits coagulation.

d) When a tumor begins to grow in normal tis-
sue, tumor cells release factors that elicit 
responses from the surrounding endothe-
lium. The result is vascular growth from nor-
mal tissue in the tumor. 

e) Neovascularization contributes to tumor inva-
sion and metastasis. 
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(1) Tumor vasculature is permeable and 
disorganized with a weak basement 
membrane. These conditions facili-
tate the migration of endothelial cells.

(2) VEGF can cause accumulation of endo-
thelial cells and stimulate further 
tumor angiogenesis.

(3) Blood flow in tumors is sluggish, thus 
inducing hypoxia and acidosis. Tumor 
hypoxia further induces tumor angio-
genesis.

(4) Hypoxia and acidosis may contribute 
to chemotherapy and radiation therapy 
resistance because of lack of oxygen.

6. Other molecular pathways involved in tumor 
angiogenesis
a) Matrix metalloproteinases are involved in 

degrading the extracellular matrix compo-
nents. In angiogenesis, matrix metallopro-
teinases invade the extracellular matrix via 
new vessel formation and lead to prolifera-
tion and migration of tumor cells (Cathcart, 
Pulkoski-Gross, & Cao, 2015).

b) Tumor angiogenesis also affects the Notch 
receptor pathway. Notch surface cell recep-
tors are involved in cell fate, differentia-
tion, and proliferation. Vascular endothe-
lial cells express certain Notch receptors. 
One type is needed for the vascular devel-
opment of embryos but also is upregulated 
in tumor vasculature. This process may be 
VEGF mediated (Dimova, Popivanov, & 
Djonov, 2014).

c) The tyrosine kinase pathway is another recep-
tor involved in angiogenesis. This pathway is 
associated with VEGF receptors (VEGFR1, 
VEGFR2, and VEGFR3) and Tie receptors 
(Tie1 and Tie2) (Jeltsch, Leppänen, Sahari-
nen, & Alitalo, 2013). Both types of receptors 
play a key role in the generation of blood and 
lymphatic vessels during embryonic develop-
ment and tumor angiogenesis.

J. Therapeutic uses for immunotherapeutic agents
1. Cure, when used as a primary or adjuvant therapy
2. Improve overall response or increase disease-free 

survival when used in conjunction with conven-
tional therapies

3. Control or stabilize disease
4. Maintain or enhance quality of life
5. Function in a supportive care capacity by 

decreasing the severity of toxicities associ-
ated with other therapeutic modalities (e.g., 
hematopoietic growth factors can mitigate 
chemotherapy-associated cytopenias)
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CHAPTER 10

Immunotherapy

A. Immunotherapy in the treatment of cancer
1. Immunotherapy uses the patient’s own immune 

system to manage or eradicate diverse cancer 
types (Farkona, Diamandis, & Blaustig, 2016). 
Therapeutic approaches engage underlying 
pathophysiologic mechanisms of the immune 
system to target cellular pathways associated 
with tumor development and growth, as well as 
to attack the malignancy itself (see Chapter 9).

2. Six categories of immunotherapeutic approaches 
are presented in this chapter: checkpoint inhib-
itors, chimeric antigen receptor (CAR) T-cell 
immunotherapy, cytokines, immunomodula-
tors, monoclonal antibodies (mAbs; including 
radioimmunotherapy [RIT]), and oncolytic 
viral therapies.

B. Categories of immunotherapeutic approaches
1. Checkpoint inhibitors

a) Pathophysiology: The immune system uti-
lizes inhibitory and stimulatory pathways and 
immune checkpoints to regulate the process 
of identification and elimination of abnormal 
cells. Cancer cells use a different mechanism 
to disrupt these pathways and avoid recogni-
tion (Bayer et al., 2017). Immune checkpoint 
inhibitors block the proteins that help mod-
erate the immune system and prevent T lym-
phocytes from recognizing and killing can-
cer cells. With this action blocked, T cells are 
released and can elicit an immune response 
against cancer cells. Several checkpoint inhib-
itors have been approved for the treatment of 
cancer, including anti–cytotoxic T-lymphocyte 
antigen (CTLA-4), anti–programmed cell 
death protein 1 (PD-1), and anti–programmed 
cell death-ligand 1 (PD-L1) (Pardoll, 2012).

b) Mechanism of action
(1) CTLA-4: First-in-class checkpoint 

inhibitor. CTLA is a receptor found 
on T cells that is engaged by its ligand 
B7 to prevent overactivation. Blockade 
of CTLA allows for continued T-cell 

activation, thus enhancing antitumor 
responses (Bayer et al., 2017). Exam-
ple: ipilimumab.

(2) PD-1: PD-1 is an inhibitory pathway pres-
ent on activated T cells. PD-1 binds to 
the PD-L1 ligand, disrupting immune 
surveillance and antitumor responses. 
Checkpoint inhibitors targeting PD-1 
can disrupt this process, thereby allow-
ing for continued T-cell activation and 
tumor surveillance and elimination 
(Sosman, 2017). Examples: nivolumab, 
pembrolizumab.

(3) PD-L1: PD-L1 can be found on tumor 
cells. It has an affinity for binding to 
PD-1 and B7 receptors, which inhibits 
T-cell activation and ongoing antitu-
mor responses by immune surveillance. 
Blocking of PD-L1 can help restore 
immune activity (Chen, Irving, & Hodi, 
2012). Examples: atezolizumab, ave-
lumab, durvalumab.

c) Indications: Indications for checkpoint inhib-
itors are rapidly expanding and include both 
solid tumor and hematologic malignancies. 
Indications by agent, as of the date of publi-
cation, are presented in Table 10-1.

d) Administration: Checkpoint inhibitors are 
administered via IV infusion.

e) Toxicities: Based on the mechanism of action, 
toxicities associated with checkpoint inhibi-
tors are termed immune-related adverse events 
(irAEs). These events are often driven by an 
inflammatory response to immune-mediated 
activity resulting in inflammation within one or 
more organ system (Gordon et al., 2017; Postow 
& Wolchok, 2018; Villadolid & Amin, 2015).

(1) Early recognition of irAEs is critical to 
safe and effective management, which 
may include the use of immunosup-
pressive agents. Patients and caregivers 
should be educated on irAEs, including 
signs and symptoms and management.
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Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Checkpoint 
inhibitors: 
CTLA-4

Binds to and 
blocks the inter-
action of CTLA-4 
with its ligands

Ipilimumab 
(Yervoy®)

IV Unresectable or meta-
static melanoma

Adjuvant melanoma

Fatigue, headache, skin toxic-
ity (dermatitis), weight loss, 
GI toxicities (colitis, diarrhea), 
elevated LFTs, endocrinopa-
thies, hepatitis, pneumonitis

For unresectable or metastatic melanoma: 
Administer 3 mg/kg IV, with an in-line filter, 
over 90 minutes every 3 weeks for a total of 
4 doses.

For adjuvant melanoma: Administer 10 mg/
kg IV over 90 minutes every 3 weeks for a 
total of 4 doses followed by 10 mg/kg every 
12 weeks for up to 3 years or until disease 
recurrence or unacceptable toxicity.

Monitor for irAEs and follow management 
algorithms for dose modifications.

Advise patients to report dermatologic reac-
tions, liver toxicities, and GI toxicities.

(Bristol-Myers Squibb Co., 2017b)

Checkpoint 
inhibitors: PD-1

Inhibits PD-1 
immune check-
point protein

Nivolumab 
(Opdivo®)

IV Unresectable or meta-
static melanoma

Metastatic NSCLC
Renal cell carcinoma
Classical Hodgkin lym-

phoma
Squamous cell car-

cinoma of the head 
and neck

Urothelial carcinoma

Fatigue, malaise, peripheral 
neuropathy, GI toxicities, ele-
vated LFTs, increased creati-
nine, electrolyte imbalances, 
weakness, anemia, neutrope-
nia, thrombocytopenia, myal-
gia, upper respiratory tract 
infection, cough, febrile reac-
tion

Administer 240 mg as an IV infusion, with an 
in-line filter, over 30 minutes every 2 weeks 
until disease progression or unacceptable 
toxicity for all indications or 480 mg as an IV 
infusion, with an in-line filter, over 30 min-
utes every 4 weeks until disease progres-
sion or unacceptable toxicity approved for 
all toxicities except microsatellite instability–
high or mismatch repair–deficient metastatic 
colorectal cancer.

Monitor for irAEs (including liver and kidney 
toxicities, colitis, and electrolyte imbalances) 
and follow management algorithms for dose 
modifications.

(Bristol-Myers Squibb Co., 2017a)

Binds to and 
blocks PD-1 with 
its ligands (PD-L1 
and PD-L2)

Pembrolizumab 
(Keytruda®)

IV Melanoma
NSCLC
Head and neck cancer
Classical Hodgkin lym-

phoma
Urothelial carcinoma
Microsatellite instability– 

high cancer

Fatigue, skin rash, hyperglyce-
mia, metabolic imbalances 
(hypomagnesemia, hypo-
calcemia, hypophosphate-
mia, hypokalemia), GI toxic-
ities (vomiting), urinary tract 
infection, anemia, lympho-
cytopenia, thrombocytope-
nia, elevated LFTs, myal-
gia, increased serum creati-
nine, fever

Adults: 200 mg flat dose as an IV infusion 
over 30 minutes every 3 weeks

Pediatrics: 2 mg/kg as an IV infusion over 30 
minutes every 3 weeks

Administer 2 mg/kg as an IV infusion over 30 
minutes every 3 weeks.

Monitor for irAEs and follow management 
algorithms for dose modifications.

(Merck and Co. Inc., 2016)

(Continued on next page)
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Table 10-1. Immunotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Checkpoint 
inhibitors: 
PD-L1

Inhibits PD-L1 
interactions with 
PD-1 and B7-1 
receptors

Atezolizumab 
(Tecentriq®)

IV Locally advanced or 
metastatic urothelial 
carcinoma

Metastatic NSCLC

Fatigue, hypoalbuminemia, 
hyponatremia, decreased 
appetite, nausea, consti-
pation, urinary tract infec-
tion, increased serum alka-
line phosphatase, increased 
serum AST, increased serum 
ALT, antibody development, 
infection, musculoskeletal 
pain, fever, pneumonitis

Administer 1,200 mg as an IV infusion mixed 
in 0.9% sodium chloride only, with or with-
out an in-line filter over 60 minutes every 3 
weeks until disease progression or unac-
ceptable toxicity.

Monitor for infusion-related reactions. If first 
infusion is tolerated, all subsequent infusions 
may be delivered over 30 minutes.

Do not administer as an IV push or bolus.
Monitor for irAEs and follow management 

algorithms for dose modifications.
Advise patients to report symptoms of liver 

toxicities, infection, and neurologic and 
endocrine effects.

(Genentech, Inc., 2017c)

Binds to PD-L1 on 
T cells and blocks 
the interaction of 
PD-L1 with PD-1 
and B7-1 recep-
tors

Avelumab 
(Bavencio®)

IV Merkel cell carcinoma
Metastatic urothelial 

carcinoma (or locally 
advanced with pro-
gression during or 
after platinum- 
containing therapy or 
within 12 months of 
neoadjuvant or adju-
vant treatment with 
platinum-containing 
chemotherapy)

Peripheral edema, fatigue, 
skin rash, diarrhea, nausea, 
decreased appetite, lympho-
cytopenia, anemia, increased 
serum AST, increased serum 
ALT, musculoskeletal pain, 
infusion-related reaction, 
pneumonitis, colitis, hepatitis, 
adrenal insufficiency, hypo- 
and hyperthyroidism, diabetes 
mellitus, nephritis

Premedicate with an antihistamine and acet-
aminophen prior to each of first 4 infusions.

Administer 10 mg/kg IV infusion over 60 min-
utes once every 2 weeks until disease pro-
gression or unacceptable toxicity. Use an in-
line filter for administration.

Monitor for irAEs and follow management 
algorithms for dose modifications.

Advise patients to report liver, pulmonary, and 
dermatologic toxicities.

(EMD Serono, Inc., 2017)

Inhibits PD-L1 
interactions with 
the PD-1 and 
CD80 receptors

Durvalumab 
(Imfinzi®)

IV Locally advanced or 
metastatic urothelial 
carcinoma

Stage III unresectable 
NSCLC

Common: Fatigue, constipation, 
infection, decreased appetite, 
nausea, peripheral edema, 
urinary tract infection, muscu-
loskeletal pain

Serious: Immune-mediated 
pneumonitis, hepatitis, colitis, 
endocrinopathies (including 
adrenal insufficiency, hypo-
physitis, or type 1 diabetes 
mellitus), nephritis, infection, 
infusion-related reactions

Administer 10 mg/kg as an IV infusion over 60 
minutes with an in-line filter every 2 weeks.

Monitor for infusion-related reactions.
Monitor for irAEs and follow management 

algorithms for dose modifications.
Advise patients to report symptoms of infec-

tion, liver toxicity, and endocrine abnor-
malities. Drug may be withheld for moder-
ate irAEs and permanently discontinued for 
severe or life-threatening irAEs.

(AstraZeneca Pharmaceuticals LP, 2017)

(Continued on next page)

Table 10-1. Immunotherapy Agents

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Checkpoint 
inhibitors: 
CTLA-4

Binds to and 
blocks the inter-
action of CTLA-4 
with its ligands

Ipilimumab 
(Yervoy®)

IV Unresectable or meta-
static melanoma

Adjuvant melanoma

Fatigue, headache, skin toxic-
ity (dermatitis), weight loss, 
GI toxicities (colitis, diarrhea), 
elevated LFTs, endocrinopa-
thies, hepatitis, pneumonitis

For unresectable or metastatic melanoma: 
Administer 3 mg/kg IV, with an in-line filter, 
over 90 minutes every 3 weeks for a total of 
4 doses.

For adjuvant melanoma: Administer 10 mg/
kg IV over 90 minutes every 3 weeks for a 
total of 4 doses followed by 10 mg/kg every 
12 weeks for up to 3 years or until disease 
recurrence or unacceptable toxicity.

Monitor for irAEs and follow management 
algorithms for dose modifications.

Advise patients to report dermatologic reac-
tions, liver toxicities, and GI toxicities.

(Bristol-Myers Squibb Co., 2017b)

Checkpoint 
inhibitors: PD-1

Inhibits PD-1 
immune check-
point protein

Nivolumab 
(Opdivo®)

IV Unresectable or meta-
static melanoma

Metastatic NSCLC
Renal cell carcinoma
Classical Hodgkin lym-

phoma
Squamous cell car-

cinoma of the head 
and neck

Urothelial carcinoma

Fatigue, malaise, peripheral 
neuropathy, GI toxicities, ele-
vated LFTs, increased creati-
nine, electrolyte imbalances, 
weakness, anemia, neutrope-
nia, thrombocytopenia, myal-
gia, upper respiratory tract 
infection, cough, febrile reac-
tion

Administer 240 mg as an IV infusion, with an 
in-line filter, over 30 minutes every 2 weeks 
until disease progression or unacceptable 
toxicity for all indications or 480 mg as an IV 
infusion, with an in-line filter, over 30 min-
utes every 4 weeks until disease progres-
sion or unacceptable toxicity approved for 
all toxicities except microsatellite instability–
high or mismatch repair–deficient metastatic 
colorectal cancer.

Monitor for irAEs (including liver and kidney 
toxicities, colitis, and electrolyte imbalances) 
and follow management algorithms for dose 
modifications.

(Bristol-Myers Squibb Co., 2017a)

Binds to and 
blocks PD-1 with 
its ligands (PD-L1 
and PD-L2)

Pembrolizumab 
(Keytruda®)

IV Melanoma
NSCLC
Head and neck cancer
Classical Hodgkin lym-

phoma
Urothelial carcinoma
Microsatellite instability– 

high cancer

Fatigue, skin rash, hyperglyce-
mia, metabolic imbalances 
(hypomagnesemia, hypo-
calcemia, hypophosphate-
mia, hypokalemia), GI toxic-
ities (vomiting), urinary tract 
infection, anemia, lympho-
cytopenia, thrombocytope-
nia, elevated LFTs, myal-
gia, increased serum creati-
nine, fever

Adults: 200 mg flat dose as an IV infusion 
over 30 minutes every 3 weeks

Pediatrics: 2 mg/kg as an IV infusion over 30 
minutes every 3 weeks

Administer 2 mg/kg as an IV infusion over 30 
minutes every 3 weeks.

Monitor for irAEs and follow management 
algorithms for dose modifications.

(Merck and Co. Inc., 2016)

(Continued on next page)
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Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

CAR T-cell 
immunotherapy

Binds to CD19-
expressing can-
cer cells and nor-
mal B cells, acti-
vating downstream 
signaling cas-
cades that lead to 
T-cell activation 
and secretion of 
inflammatory cyto-
kines and chemo-
kines that contrib-
ute to the death 
of CD19-express-
ing cells

Axicabtagene 
ciloleucel  
(Yescarta®)

IV Relapsed or refrac-
tory large B-cell lym-
phoma (including dif-
fuse large B-cell lym-
phoma not other-
wise specified or 
arising from follicular 
lymphoma, primary 
mediastinal large 
B-cell lymphoma, 
or high-grade B-cell 
lymphoma) after 2 
or more lines of sys-
temic therapy

CRS, fever, hypotension, 
encephalopathy, tachy-
cardia, fatigue, headache, 
decreased appetite, chills, 
diarrhea, febrile neutropenia, 
infections, nausea, hypoxia, 
tremor, cough, vomiting, diz-
ziness, constipation, cardiac 
arrhythmias

Target dose is 2 × 106 CAR-positive viable T 
cells per kg body weight, with a maximum 
of 2 × 108 CAR-positive viable T cells (but is 
ultimately based on the number of CAR- 
positive viable T cells).

Lymphodepleting regimen of cyclophospha-
mide 500 mg/m2 and fludarabine 30 mg/m2 
should be administered on the fifth, fourth, 
and third day before axicabtagene ciloleu-
cel; do not use a leukocyte-depleting filter. 
Premedicate with acetaminophen 650 mg 
PO and an H1-antihistamine 12.5 mg IV or 
PO approximately 1 hour before infusion. 
Axicabtagene ciloleucel must be thawed 
at approximately 37°C prior to infusion and 
is viable at room temperature for 3 hours. 
After infusion is complete, the tubing should 
be flushed with NS to ensure all product is 
administered.

Monitor for hypersensitivity reaction during 
infusion, as well as for signs of infection and 
prolonged cytopenias following infusion.

Tocilizumab (an IL-6 receptor antagonist) 
IV over 60 minutes may be administered 
to manage severe or life-threatening CRS 
associated with CAR T-cell treatment.

Patients should be monitored for at least 7 
days in the hospital for toxicities and should 
remain within close proximity to the treat-
ing institution for at least 4 weeks following 
infusion.

Hypogammaglobulinemia may occur and 
should be managed with replacement ther-
apy.

Drug is for autologous use only. Avoid prophy-
lactic use of systemic corticosteroids, which 
may interfere with the activity of axicabta-
gene ciloleucel.

(Kite Pharma, Inc., 2017)

(Continued on next page)
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Table 10-1. Immunotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

CAR T-cell 
immunotherapy 
(cont.)

Reprograms autol-
ogous T cells 
with a transgene 
encoding a CAR 
to identify and 
eliminate CD19-
expressing malig-
nant and normal 
cells

Tisagenlecleu-
cel (Kymriah®)

IV B-cell precursor acute 
lymphoblastic leu-
kemia in individu-
als aged 25 years or 
younger

Adults with relapsed or 
refractory large B-cell 
lymphoma after 2 or 
more lines of sys-
temic therapy

CRS (fever, myalgias, fatigue, 
nausea, headaches, hypo-
tension, capillary leak), intra-
cranial hemorrhage, cardiac 
arrest, cardiac failure, hypo-
gammaglobulinemia, infec-
tion, pyrexia, decreased 
appetite, encephalopathy, 
bleeding, tachycardia, vomit-
ing, diarrhea, hypoxia, acute 
kidney injury, delirium

Administer as an IV infusion at 10–20 ml/min 
(adjusted by age and volume).

The volume in the infusion bag ranges 10–50 
ml.

Do not use a leukocyte-depleting filter.
Prime prior to and rinse following infusion with 

NS.
Monitor patients for hypersensitivity during 

infusion and for signs and symptoms of CRS 
and neurotoxicity, both of which may be life 
threatening.

Tocilizumab (an IL-6 receptor antagonist) 
IV over 60 minutes may be administered 
to manage severe or life-threatening CRS 
associated with CAR T-cell treatment.

Because of prolonged cytopenias following 
infusion, patients are at an elevated risk for 
infection several weeks after treatment.

Hypogammaglobinemia may occur and should 
be managed with replacement therapy.

Patients should be advised not to drive or 
operate heavy machinery for up to 8 weeks 
following treatment.

(Novartis Pharmaceuticals Corp., 2017a)

Cytokines: 
Growth factors

Stimulates eryth-
ropoiesis through 
interaction with 
progenitor stem 
cells to release 
RBCs

Darbepoetin 
(Aranesp®)

IV, SC Treatment of anemia 
in patients with non-
myeloid malignancies 
due to effects of che-
motherapy

Common: Fatigue, edema, 
nausea, vomiting, diarrhea, 
fever, dyspnea

Serious: If Hgb > 11 g/dl, 
increased mortality, risk of 
MI, stroke, and thromboem-
bolism; pneumonia, dehydra-
tion, fever, vomiting, dyspnea, 
death

Do not initiate therapy if Hgb ≥ 10 g/dl.
Once-weekly dosage: Initial dosage is 2.25 

mcg/kg SC weekly or 150 mcg/week. For 
titration, adjust dosage to maintain the low-
est Hgb level needed to avoid RBC transfu-
sions. Discontinue after completion of che-
motherapy or if no response after 8 weeks of 
therapy (manufacturer dosage).

Every-2-week dosage: 300 mcg SC every 2 
weeks

Every-3-week dosage: Initial dosage is 500 
mcg SC every 3 weeks. For titration, adjust 
dosage to maintain the lowest Hgb level 
needed to avoid RBC transfusions. Discon-
tinue after completion of chemotherapy or if 
no response after 8 weeks of therapy (man-
ufacturer dosage).

(Continued on next page)
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Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Cytokines: 
Growth factors 
(cont.)

Darbepoe-
tin (Aranesp®) 
(cont.)

Hgb should be tested weekly until it has stabi-
lized and then monthly thereafter.

Administer supplemental iron during therapy 
to replenish or maintain iron stores (transfer-
rin saturation should be ≥ 20% and ferritin 
≥ 100 mcg/L).

(Amgen Inc., 2017a)

Stimulates eryth-
ropoiesis by the 
same mechanisms 
as endogenous 
erythropoietin

Epoetin alfa 
(Procrit®)

IV, SC Treatment of chemo-
therapy-induced ane-
mia

Common: Joint, muscle, and 
bone pain; fever, cough, diz-
ziness, hyperglycemia, chills, 
rash, nausea, vomiting, trou-
ble sleeping, itching, head-
ache, respiratory infection, 
weight loss, depression, mus-
cle spasms, redness and pain 
at injection site, leukopenia, 
hypokalemia

Serious: If Hgb > 11, increased 
mortality, risk of MI, stroke, 
and thromboembolism; risk of 
tumor progression or recur-
rence; hypertension, seizures, 
lack or loss of Hgb response; 
pure red cell aplasia; seri-
ous allergic reactions, severe 
cutaneous reactions

Recommended dosing is 150 units/kg SC 3 
times per week until completion of a chemo-
therapy course, or 40,000 units SC weekly 
until completion of a chemotherapy course.

Pediatric patients (5–18 years): Dosage is 600 
units/kg IV weekly until completion of a che-
motherapy course.

Do not shake or dilute.
Protect from light.
Discard unused portions of preservative-

free drug; multidose vials may be stored at 
36°F–46°F for up to 21 days.

Initiate only if Hgb < 10 g/dl.
Drug should not be used in patients receiv-

ing hormonal agents, biologic products, or 
radiation therapy, unless also receiving che-
motherapy. Drug is also contraindicated in 
patients in whom anemia can be managed 
with transfusion.

(Amgen Inc., 2017b)

(Continued on next page)
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Table 10-1. Immunotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Cytokines: 
Growth factors 
(cont.)

Acts on hemato-
poietic cells by 
binding to specific 
cell surface recep-
tors, thereby stim-
ulating prolifera-
tion, differentia-
tion, commitment, 
and end-cell func-
tional activation, 
specifically stim-
ulating neutrophil 
production; is a 
short-acting drug, 
so an immediate 
response will be 
seen in CBC

Filgrastim  
(G-CSF; 
Neupogen®)

SC Prophylaxis of che-
motherapy-induced 
febrile neutropenia in 
patients after a bone 
marrow transplant

Prophylaxis of che-
motherapy-induced 
febrile neutropenia in 
patients treated for 
nonmyeloid malig-
nancies

Chronic neutropenic 
disorders

Myelosuppression due 
to radiation

Common: Rash, diarrhea, ane-
mia, bone pain, headache, 
cough, dyspnea, epistaxis, 
fatigue, fever, pain

Serious: Capillary leak syn-
drome, vasculitis of the skin, 
myelodysplastic syndrome, 
sickle cell anemia with crisis, 
anaphylaxis, hypersensitivity 
reaction, glomerulonephritis, 
ARDS, splenic rupture, Ste-
vens-Johnson syndrome

Drug will be given daily until desired ANC is 
achieved.

For prophylaxis of febrile neutropenia in 
patients with nonmyeloid malignancies under-
going myeloablative chemotherapy followed 
by marrow transplantation: Administer 10 
mcg/kg/day as an IV infusion lasting no lon-
ger than 24 hours, starting at least 24 hours 
after chemotherapy and bone marrow infu-
sion.

For prophylaxis of febrile neutropenia in 
patients with nonmyeloid malignancies fol-
lowing myelosuppressive chemotherapy: 
Administer 5 mcg/kg SC or IV daily, starting 
at least 24 hours after chemotherapy.

For prophylaxis of febrile neutropenia in 
patients with AML receiving chemotherapy: 
Administer 5 mcg/kg SC or IV daily, starting 
at least 24 hours after chemotherapy.

For radiation injury of bone marrow or acute 
exposure to myelosuppressive radiation 
doses: Administer 10 mcg/kg SC as a single 
daily dose, starting as soon as possible after 
suspected or confirmed exposure to radia-
tion dose > 2 Gy; do not delay administration 
if a CBC is unavailable; continue until ANC > 
1,000/mm3 for 3 consecutive CBCs obtained 
approximately every third day or ANC > 
10,000/mm3 after radiation-induced nadir.

Educate patients on possible side effects.
Monitor CBC, kidney function, and for side 

effects listed.
Bone pain does not occur frequently, but if it 

occurs, pretreat with loratadine to help with 
bone pain.

Nonsteroidal anti-inflammatory drugs or anal-
gesics can also be used unless contraindi-
cated.

(Amgen Inc., 2016b; Romeo et al., 2014)

(Continued on next page)
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Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Cytokines: 
Growth factors 
(cont.)

Binds to the 
human keratino-
cyte growth fac-
tor receptor to pro-
mote proliferation, 
differentiation, and 
migration of epi-
thelial cells

Palifermin 
(rHuKG-CSF;  
Kepivance®)

IV To decrease incidence 
and duration of 
severe oral mucositis 
in patients undergo-
ing myelotoxic ther-
apy with HSCT sup-
port

Common: Skin toxicities (rash, 
edema, erythema, pruritus), 
fever, GI events, respiratory 
complications, pain, arthral-
gias, dysesthesias, hyper-
tension

Serious: Potential for stimula-
tion of tumor growth

Dosage is 60 mcg/kg/day IV bolus for 3 con-
secutive days before myelotoxic therapy (the 
third dose should be given 24–48 hours prior 
to starting myelotoxic therapy) and 3 con-
secutive days after myelotoxic therapy (first 
of these doses should be administered after, 
but on the same day of, hematopoietic stem 
cell infusion and at least 7 days after most 
recent dose of palifermin); a total of 6 doses 
is given.

Reconstitute only with sterile water; administer 
3 consecutive days before and after myelo-
toxic therapy. Do NOT shake vigorously or 
agitate the vial. Protect from light. Do NOT 
filter. Discard after 1 hour at room temper-
ature.

(Swedish Orphan Biovitrum, 2011)

Acts on hemato-
poietic cells by 
stimulating prolif-
eration, differen-
tiation, commit-
ment, and end-cell 
functional activa-
tion, specifically 
stimulating neu-
trophil production; 
pegylated char-
acteristic of Neu-
lasta decreases 
the half-life and 
therefore 1 dose 
per chemotherapy 
cycle is adequate 
to enhance neutro-
phil recovery

Pegfilgras-
tim (pegylated 
G-CSF; Neu-
lasta®)

SC Prophylaxis of chemo-
therapy-induced neu-
tropenia

Treatment of febrile 
neutropenia and radi-
ation injury of bone 
marrow

Common: Bone pain, pain in 
limb

Serious: Capillary leak syn-
drome, leukocytosis, splenic 
rupture, sickle cell anemia 
with crisis, anaphylaxis, glo-
merulonephritis, ARDS

For patients with cancer receiving myelosup-
pressive chemotherapy: Dosage is 6 mg SC 
once per chemotherapy cycle; do not admin-
ister between 14 days prior to and 24 hours 
after the administration of chemotherapy. 
May take about 7 days to see effect on CBC.

For patients acutely exposed to myelosup-
pressive doses of radiation: Dosage is 6 mg 
SC for 2 doses, administered 1 week apart. 
Administer first dose as soon as possible 
after suspected or confirmed exposure to 
myelosuppressive doses of radiation, and a 
second dose 1 week after.

Educate patients on possible side effects.
Monitor CBC, kidney function, and for side 

effects listed.
Pretreat with loratadine to help with bone pain 

(Romeo et al., 2014).
Neulasta Onpro® is an OBI device that is 

placed on the body the last day of chemo-
therapy. It is not recommended to use for 
acute radiation injury. It auto-injects the 
medication 24 hours after placement. It is

(Continued on next page)
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Table 10-1. Immunotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Cytokines: 
Growth factors 
(cont.)

Pegfilgras-
tim (pegylated 
G-CSF; Neu-
lasta®) (cont.)

imperative to call the oncologist if the auto-
injector does not deliver the dose.

The OBI should be disposed of in a sharps 
container once the dose has been adminis-
tered. It takes about 45 minutes to adminis-
ter a full dose via the OBI.

Educate patients to avoid bumping the OBI, 
putting lotions and creams around the OBI, 
using hot tubs, bathtubs, or saunas, and 
exposing the OBI to direct sunlight.

(Amgen Inc., 2016a)

Triggers prolifera-
tion and differen-
tiation of hema-
topoietic progen-
itor cells, primar-
ily neutrophils, 
monocytes/mac-
rophages, and 
myeloid-derived 
dendritic cells; 
may also stimulate 
polymorphonu-
clear neutrophils 
to block the growth 
of tumor cells and 
increase the cyto-
toxic activity of 
monocytes against 
certain types of 
neoplastic cells

Sargramostim
(GM-CSF;  
Leukine®)

IV, SC AML
Myeloid reconstitu-

tion after allogeneic 
or autologous bone 
marrow transplan-
tation

Mobilization and 
myeloid reconstitu-
tion in autologous 
HSCT 

Common: Chest pain, periph-
eral edema, pruritus, rash, 
hypercholesterolemia, hypo-
magnesemia, metabolic dis-
ease, weight loss, abdominal 
pain, diarrhea, dysphagia, GI 
hemorrhage, hematemesis, 
nausea, vomiting, increased 
bilirubin level, arthralgia, 
bone pain, asthenia, intraocu-
lar hemorrhage, anxiety, ele-
vated serum blood urea nitro-
gen, pharyngitis, fever, mal-
aise, rigor

Serious: Capillary leak syn-
drome, cardiac dysrhythmia, 
pericardial effusion, cerebral 
hemorrhage, renal failure

AML: Neutrophil recovery, following induc-
tion chemotherapy: Dosage is 250 mcg/m2/
day IV over 4 hours beginning on or about 
day 11 or 4 days following the completion 
of induction chemotherapy if day 10 bone 
marrow is hypoplastic (< 5% blasts). Con-
tinue sargramostim until the ANC is > 1,500/
mm3 for 3 consecutive days or for a maxi-
mum of 42 days. If a second cycle of induc-
tion chemotherapy is required, administer 
sargramostim approximately 4 days follow-
ing completion of chemotherapy if bone mar-
row is hypoplastic with < 5% blasts. Discon-
tinue if leukemic regrowth occurs.

Allogeneic bone marrow transplantation, 
myeloid reconstitution: Dosage is 250 mcg/
m2/day IV over 2 hours; begin 2–4 hours 
after bone marrow infusion and continue 
until ANC is > 1,500/mm3 for 3 consecu-
tive days. Do not administer sooner than 24 
hours after the last dose of chemotherapy/
radiation therapy or until post– 
marrow infusion ANC is < 500/mm3. Discon-
tinue if blast cells appear or disease pro-
gression occurs.

Autologous bone marrow transplantation, 
myeloid reconstitution: Dosage is 250 mcg/
m2/day IV over 2 hours, begin 2–4 hours 
after bone marrow infusion and not less than 
24 hours after the last dose of

(Continued on next page)
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Cytokines: 
Growth factors 
(cont.)

Sargramostim
(GM-CSF;  
Leukine®) 
(cont.)

chemotherapy or radiation therapy. Do not 
administer until post–marrow infusion ANC 
is < 500/mm3. Continue until ANC is > 1,500/
mm3 for 3 consecutive days. Discontinue if 
blast cells appear or disease progression 
occurs.

Autologous peripheral blood HSCT, following  
myeloablative chemotherapy: Dosage is 
250 mcg/m2/day IV over 24 hours or SC 
once daily; begin immediately following 
peripheral blood progenitor cell infusion  
and continue until ANC is > 1,500/mm3 for  
3 consecutive days.

Bone marrow transplant dose, delay, or fail-
ure of myeloid engraftment: Dosage is 250 
mcg/m2/day IV over 2 hours for 14 days; 
repeat after 7 days off therapy if engraftment 
has not occurred. After an additional 7 days, 
a third course of 500 mcg/m2/day IV for 14 
days may be administered if engraftment still 
has not occurred. Discontinue if blast cells 
appear or disease progression occurs.

Monitor CBC, renal and liver function, and for 
side effects listed.

Assess for and educate patients on signs and 
symptoms of infection.

Monitor electrolytes in patients with nausea, 
vomiting, or diarrhea.

Notify MD of any sign or symptom of graft fail-
ure.

(Sanofi-Aventis U.S. LLC, 2013)

(Continued on next page)
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Table 10-1. Immunotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Cytokines: 
Growth factors 
(cont.)

Binds to G-CSF 
receptors and 
stimulates prolif-
eration of neutro-
phils

Tbo-filgrastim 
(Granix®)

SC Patients with nonmy-
eloid malignancies 
undergoing myelo-
suppressive treat-
ment associated with 
prolonged neutro-
penia

Common: Bone pain, myalgia, 
headache, vomiting, acute 
febrile neutrophilic derma-
tosis, cutaneous vasculitis, 
thrombocytopenia

Serious: Splenic rupture, 
ARDS, capillary leak syn-
drome, potential for tumor 
growth stimulatory effects

Administer no earlier than 24 hours following 
and not within 24 hours prior to the adminis-
tration of myelosuppressive chemotherapy.

Prefilled syringe is for single use only; recom-
mended injection sites include abdomen, 
front of middle thigh, upper outer areas of 
buttocks, and upper back area of upper arms.

Bone pain is common and may be treated with 
analgesics unless otherwise contraindicated; 
pretreatment with loratadine can be used to 
help with bone pain.

Advise patients to report pain in the left upper 
quadrant of the abdomen or left shoulder, as 
these may be signs of splenic enlargement 
or rupture.

(Romeo et al., 2014; Teva Pharmaceuticals, 2014)

Cytokines: 
Interferons 
(IFNs)

Stimulates secre-
tion of proteins in 
response to for-
eign invasion in 
the body, which 
activates a cas-
cade, suppress-
ing cell prolifera-
tion, enhancing 
phagocytic activity 
of macrophages, 
augmenting spe-
cific cytotoxicity of 
lymphocytes for 
target cells, and 
inhibiting viral rep-
lication in virus-
infected cells

IFN alfa-2b 
(Intron® A)

IM, IV, SC, 
and intra-
lesional; 
depends 
on dis-
ease 
being 
treated

Chronic myeloid leu-
kemia

Hairy cell leukemia
Follicular lymphoma
Cutaneous T-cell lym-

phoma
Melanoma
Renal cell carcinoma
Carcinoid tumors

Common: Alopecia, decreased 
weight, abdominal pain, diar-
rhea, decreased appetite, 
anorexia, nausea, vomiting, 
neutropenia, increased liver 
enzymes, arthralgia, myalgia, 
asthenia, headache, depres-
sion, fatigue, fever, flu-like 
symptoms, shivering

Serious: Cardiac dysrhythmia, 
cardiomyopathy, hypotension, 
MI, supraventricular arrhyth-
mia, tachycardia, Raynaud dis-
ease, vasculitis, GI hemor-
rhage, pancreatitis, anemia, 
aplastic anemia, thrombocy-
topenia, hepatic encephalop-
athy, liver failure, functional 
vision loss, optic disc edema, 
optic neuritis, retinal hemor-
rhage, retinopathy, thrombosis 
of retinal vein or artery, suicidal 
thoughts, suicide, obliterative 
bronchiolitis, pneumonia, pneu-
monitis, pneumothorax, PE, 
pulmonary hypertension, pul-
monary infiltrate, sarcoidosis

Induction dosage is 20 million IU/m2 IV 5 con-
secutive days/week for 4 weeks; main-
tenance dosage is 10 million IU/m2 SC 3 
times/week for 48 weeks.

Monitor CBC, liver panel, thyroid function 
studies (TSH/T4), and for side effects listed.

Discuss depression and always ask patients 
if they are having suicidal or homicidal 
thoughts.

(Merck and Co., Inc., 2015a)

(Continued on next page)
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Cytokines: 
Interferons 
(IFNs) (cont.)

Exact mechanism 
unknown, but the 
functions of IFN 
are suppression 
of cell prolifera-
tion, antiviral activ-
ity, and immune-
modulating effects, 
such as augmen-
tation of macro-
phage phagocytic 
activity

IFN alfa-2b 
(pegylated; Syl-
atron™)

SC Adjuvant treatment of 
melanoma

Common: Alopecia, injec-
tion site reaction, decreased 
appetite, anorexia, nau-
sea, vomiting, increased liver 
enzymes, arthralgia, myalgia, 
headache, fatigue, rigor

Serious: Bundle branch block, 
cardiomyopathy, hypotension, 
MI, supraventricular arrhyth-
mia, ventricular tachycardia, 
colitis, pancreatitis, anemia, 
thrombocytopenia, enceph-
alopathy, blindness or vision 
impairment, optic neuritis, ret-
inal hemorrhage, thrombo-
sis of retinal vein, aggressive 
behavior, bipolar disorder, 
depression, hallucinations, 
homicidal thoughts, suicidal 
thoughts, suicide

Dosage is 6 mcg/kg/week SC for 8 doses, 
then 3 mcg/kg/week SC for up to 5 years; 
premedicate with acetaminophen 500–1,000 
mg PO 30 minutes prior to first dose and as 
needed for subsequent doses.

Monitor CBC, liver panel, thyroid function 
studies (TSH/T4), and for side effects listed.

Discuss depression and always ask patients 
if they are having suicidal or homicidal 
thoughts.

(Merck and Co., Inc., 2015b)

Binds to a different 
cell surface recep-
tor and is classi-
fied as a type 2 
IFN; enhances oxi-
dative metabolism 
of macrophages, 
antibody-depen-
dent cellular cyto-
toxicity, activa-
tion of NK cells, 
and expression of 
Fc receptors and 
major histocom-
patibility antigens

IFN gamma 
(Actimmune®)

SC To reduce frequency 
and severity of seri-
ous infections asso-
ciated with chronic 
granulomatous dis-
ease

To delay time to dis-
ease progression in 
patients with severe 
malignant osteope-
trosis

Common: Flu-like symptoms, 
fever, chills, myalgia, fatigue, 
neutropenia, thrombocytope-
nia, liver enzyme elevation, 
rash, diarrhea, vomiting, nau-
sea, arthralgia

Serious: Exacerbations of 
underlying cardiac disease, 
hepatic insufficiency, pancre-
atitis with death, asthenia, 
chest pain, upper respiratory 
tract infection, muscle spasm, 
pain, confusion, depression, 
hallucination, mental status 
decrease, atopic dermatitis, 
urticaria

Administer SC at a dose of 50 mcg/m2 for 
patients whose body surface area is > 0.5 
m2 and 1.5 mcg/kg for patients whose body 
surface area is ≤ 0.5 m2 three times weekly.

Monitor CBC, chemistries, and urinalysis prior 
to and every 3 months following treatment.

Monitor LFTs and renal function studies.
Assess for signs and symptoms of infection.
Report new symptoms immediately. Symp-

toms will be most intense in the beginning 
and can wane in intensity as treatment con-
tinues.

(HZNP USA Inc., 2015)

(Continued on next page)
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Table 10-1. Immunotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Cytokines: ILs Exact mecha-
nism unknown, but 
causes induction 
of lymphokine- 
activated killer 
cells, NK cells, 
and IFN gamma 
production; inhibits 
tumor growth by 
stimulating growth 
and activity of T 
cells and B lym-
phocytes

Aldesleukin (IL-
2; Proleukin®)

IV Metastatic melanoma
Metastatic renal cell 

carcinoma

Common: Hypotension, periph-
eral edema, tachycardia, 
vasodilation, pruritus, rash, 
diarrhea, loss of appetite, 
nausea, vomiting, anemia, 
thrombocytopenia, hyperbil-
irubinemia, asthenia, confu-
sion, somnolence, oliguria, 
elevated serum creatinine, 
dyspnea, fever, infections, 
malaise, shivering

Serious: Capillary leak syn-
drome, hypotension, MI, 
supraventricular tachycardia, 
ventricular tachycardia, acute 
renal failure, anuria, ARDS, 
apnea, intubation, respiratory 
failure, fever, sepsis

Dosing is weight based: 600,000 IU/kg (0.037 
mg/kg) IV every 8 hours for 14 doses; repeat 
after a rest period of 9 days. Drug must be 
administered in a center that has cardiac 
monitoring capability and intensive care if 
needed.

Monitor for acute signs of infection and for 
side effects listed.

Monitor weight; urine output and bowel move-
ments; and blood pressure, heart rate, tem-
perature, respiratory rate, and oxygen satu-
ration while receiving therapy.

Administer supportive medications for side 
effects.

Patients need central line access while on 
high-dose therapy because they will need 
IV medications to support blood pressure. 
These pressor support medications have 
vesicant properties.

(Prometheus Laboratories Inc., 2012)

Thrombopoi-
etic growth factor 
that directly stim-
ulates prolifera-
tion of hemato-
poietic stem cells 
and megakaryo-
cyte progenitor 
cells and induces 
megakaryocyte 
maturation, result-
ing in increased 
platelet production

Oprelvekin (IL-
11; Neumega®)

SC To prevent severe 
thrombocytope-
nia and reduce the 
need for platelet 
transfusions follow-
ing myelosuppres-
sive chemotherapy 
in adult patients with 
nonmyeloid malig-
nancies who are at 
high risk for severe 
thrombocytopenia

Common: Rash, candidia-
sis, nausea, oral candidiasis, 
vomiting, dizziness, fatigue, 
headache, blurred vision, 
conjunctival hyperemia, dys-
pnea

Serious: Atrial arrhythmia, body 
fluid retention, cardiomegaly, 
edema, increased plasma vol-
ume, palpitations, syncope, 
tachyarrhythmia, ventricu-
lar arrhythmia, hypokalemia, 
febrile neutropenia, anaphy-
laxis, cerebral artery occlu-
sion, optic disc edema, pleu-
ral effusion

Dosage is 50 mcg/kg SC once daily for 14–21 
days or until postnadir platelet count is > 
50,000/mm3.

Monitor CBC; goal is platelet count > 50,000/
mm3. Monitor renal function.

Educate patients to report fluid retention.
Monitor for side effects listed.
(Wyeth Pharmaceuticals Inc., 2009)

(Continued on next page)
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Miscellaneous: 
Autologous 
cellular immu-
notherapy

Precise mech-
anism of action 
unknown; autol-
ogous peripheral 
blood mononu-
clear cells, includ-
ing antigen-pre-
senting cells (den-
dritic cells), are 
incubated with 
recombinant fusion 
protein antigen, 
which contains 
both PAP and GM-
CSF; designed to 
induce an immune 
response against 
prostate cancer

Sipuleucel-T 
(Provenge®)

IV Treatment of asymp-
tomatic or minimally 
symptomatic meta-
static castrate-resis-
tant (hormone-refrac-
tory) prostate cancer

Common: Chills, fatigue, fever, 
back pain, nausea, joint 
aches, headache

Serious: Hemorrhagic and isch-
emic stroke, deep vein throm-
bosis, PE

Dose is a minimum of 50 million autologous 
CD54+ cells activated with PAP-GM-CSF, 
suspended in 250 ml of lactated Ringer’s 
solution.

Course of therapy is 3 complete doses. Each 
infusion is preceded by a leukapheresis pro-
cedure approximately 3 days prior.

Administer over 60 minutes; do not use a filter. 
Drug must be administered within 3 hours 
once brought to room temperature.

Premedicate 30 minutes prior to infusion with 
acetaminophen and an antihistamine to 
reduce or mitigate transfusion reactions.

Monitor patients for acute infusion reactions 
within 1 day of infusion, which include fever, 
chills, dyspnea, hypoxia, bronchospasm, 
nausea, vomiting, fatigue, hypertension, and 
tachycardia.

Use universal precautions when handling 
because of potential risk of transmitting 
infectious diseases.

(Dendreon Corp., 2014)

Miscellaneous: 
Hematopoietic 
stem cell mobi-
lizers

Inhibits CXCR4 
chemokine recep-
tor and blocks 
binding of SDF-1α, 
resulting in leu-
kocytosis and 
increased circulat-
ing hematopoietic 
progenitor cells

Plerixafor 
(Mozobil®)

SC Mobilization of hema-
topoietic stem cells 
for autologous collec-
tion in patients with 
non-Hodgkin lym-
phoma and multiple 
myeloma

Common: Diarrhea, nausea, 
fatigue, injection site reaction, 
headache, arthralgia, dizzi-
ness, vomiting

Serious: Thrombocytopenia, 
splenic enlargement or rup-
ture, anaphylactic shock or 
hypersensitivity

G-CSF 10 mcg/kg is administered once daily 
for 4 days prior to first evening dose of 
plerixafor and on each day prior to aphere-
sis.

Drug may cause mobilization of leukemic 
cells; monitor platelet counts for signs of 
thrombocytopenia, which can occur with 
use.

Assess for signs of splenic enlargement and 
rupture, including left upper quadrant or 
scapular pain.

Drug was teratogenic in animal studies and 
should be avoided in women who are or may 
become pregnant.

(Genzyme Corp., 2017)

(Continued on next page)
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Table 10-1. Immunotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Miscellaneous: 
Immunomodu-
lators

Analog of thalid-
omide that inhib-
its proliferation 
and induces apop-
tosis of malig-
nant hematopoi-
etic cells; immuno-
modulatory effects 
include activation 
and increase in 
number of T and 
NK cells.

Lenalidomide 
(Revlimid®)

PO Multiple myeloma, in 
combination with 
dexamethasone

Multiple myeloma, as 
maintenance follow-
ing autologous HSCT

Transfusion-depen-
dent anemia due 
to myelodysplastic 
syndromes associ-
ated with a deletion 
5q abnormality with 
or without additional 
cytogenetic abnor-
malities

Relapsed or pro-
gressed mantle cell 
lymphoma after 2 
prior therapies, 1 of 
which included bort-
ezomib

Common: Diarrhea, ane-
mia, constipation, peripheral 
edema, neutropenia, fatigue, 
back pain, nausea, asthenia, 
insomnia, hypokalemia, rash, 
cataracts, lymphopenia, dys-
pnea, deep vein thrombosis, 
hyperglycemia, leukopenia

Serious: Embryo-fetal tox-
icity, hematologic toxicity, 
venous and arterial throm-
boembolism, increased mor-
tality in patients with chronic 
lymphocytic leukemia, sec-
ond primary malignancies, 
hepatotoxicity, severe cuta-
neous reactions (e.g., Ste-
vens-Johnson syndrome), 
tumor lysis syndrome, tumor 
flare reactions, impaired stem 
cell mobilization, thyroid dis-
orders, early mortality in 
patients with mantle cell lym-
phoma

Dosing is the following:
 • Multiple myeloma (combination therapy): 25 mg 
once daily on days 1–21 of repeated 28-day 
cycles, in combination with dexamethasone

 • Multiple myeloma (maintenance therapy 
following autologous HSCT): 10 mg once 
daily continuously on days 1–28 of repeated 
28-day cycles

 • Myelodysplastic syndrome: 10 mg once daily
 • Mantle cell lymphoma: 25 mg once daily on 
days 1–21 of repeated 28-day cycles

Drug is available in 2.5, 5, 10, 15, 20, and 25 
mg capsules.

Drug should be taken orally at the same 
time each day with or without food; advise 
patients that capsules should be swallowed 
whole with water and should not be opened, 
broken, or chewed.

Drug is teratogenic and should not be used in 
women who are or may become pregnant.

Women should avoid pregnancy for at least 4 
weeks before beginning therapy; during ther-
apy, including dose interruptions; and for at 
least 4 weeks after therapy.

Obtain 2 negative pregnancy tests prior to ini-
tiating therapy.

Men receiving therapy should use a latex or 
synthetic condom when having intercourse 
with women of childbearing potential dur-
ing treatment and for 4 weeks after taking 
lenalidomide.

Lenalidomide is only available under a risk 
evaluation and mitigation strategy program.

Monitor digoxin plasma levels because of 
increased Cmax and area under the plasma 
concentration versus time curve with con-
comitant lenalidomide therapy.

Patients taking concomitant therapies, such 
as erythropoietin-stimulating agents or estro-
gen-containing therapies, may have an 
increased risk of thrombosis.

Patients must not donate blood during treat-
ment and for 1 month following treatment.

(Celgene Corp., 2017a)

(Continued on next page)



164Table 10-1. Immunotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Miscellaneous: 
Immunomodu-
lators (cont.)

Analog of thalid-
omide that inhib-
its proliferation 
and induces apop-
tosis of malig-
nant hematopoi-
etic cells

Pomalidomide 
(Pomalyst®)

PO Multiple myeloma in 
patients who have 
received at least 
2 prior therapies, 
including lenalido-
mide and bortezo-
mib, and have dem-
onstrated disease 
progression on or 
within 60 days of 
completion of the last 
therapy

Common: Fatigue, asthenia, 
neutropenia, anemia, consti-
pation, nausea, diarrhea, dys-
pnea, upper respiratory tract 
infection, back pain, pyrexia

Serious: Embryo-fetal toxicities, 
venous thromboembolism, 
hematologic toxicity, hyper-
sensitivity reactions, dizzi-
ness, confusion, neuropathy, 
risk of second primary malig-
nancies

Dosing is 4 mg/day taken on days 1–21 of 
repeated 28-day cycles until disease progres-
sion, in combination with dexamethasone.

Drug is available in 1, 2, 3, and 4 mg capsules.
Advise patients that capsules should be swal-

lowed whole with water, with or without food, 
and should not be opened, broken, or chewed.

Avoid use in patients with serum creatinine > 
3 mg/dl.

Patients should avoid pregnancy for at least 4 
weeks before beginning therapy; during ther-
apy, including dose interruptions; and for at 
least 4 weeks after therapy.

Obtain 2 negative pregnancy tests prior to ini-
tiating therapy.

Men receiving therapy should use a latex or 
synthetic condom when having intercourse 
with women of childbearing potential dur-
ing treatment and for 28 days after taking 
pomalidomide.

Patients must not donate blood during treat-
ment and for 1 month following treatment.

Drug is only available under a risk evaluation 
and mitigation strategy program.

(Celgene Corp., 2016)

Not fully under-
stood; possesses 
immunomodula-
tory, anti-inflam-
matory, and anti-
angiogenic prop-
erties

Thalidomide 
(Thalomid®)

PO Newly diagnosed mul-
tiple myeloma, in 
combination with 
dexamethasone

Common: Fatigue, hypocal-
cemia, edema, constipation, 
peripheral neuropathy, dys-
pnea, muscle weakness, leu-
kopenia, neutropenia, rash/
desquamation, confusion, 
anorexia, nausea, anxiety/agi-
tation, asthenia, tremor, fever, 
weight loss, thrombosis/embo-
lism, motor neuropathy, weight 
gain, dizziness, dry skin

Serious: Ischemic heart dis-
ease in patients treated in 
combination with dexameth-
asone; dizziness and ortho-
static hypotension, neutrope-
nia, thrombocytopenia, bra-
dycardia, Stevens-Johnson

Dosing is 200 mg once daily in combination 
with dexamethasone 40 mg/day on days 
1–4, 9–12, and 17–20 every 28 days.

Drug is available in 50, 100, 150, and 200 mg 
capsules.

Administer once daily with water, preferably at 
bedtime and at least 1 hour after a meal.

Drug is teratogenic; avoid use in pregnant 
women and women of childbearing potential.

Patients should avoid pregnancy for at least 4 
weeks before beginning therapy; during ther-
apy, including dose interruptions; and for at 
least 4 weeks after therapy.

Obtain 2 negative pregnancy tests prior to ini-
tiating therapy.

Men receiving therapy should use a latex or 
synthetic condom when having intercourse 
with women of childbearing potential during

(Continued on next page)
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Miscellaneous: 
Immunomodu-
lators (cont.)

Thalidomide 
(Thalomid®) 
(cont.)

 syndrome, toxic epidermal 
necrolysis, seizures, tumor 
lysis syndrome, hypersensi-
tivity reaction, increased HIV 
viral load

 treatment and for 28 days after taking thalido-
mide.

Examine patients every 3 months for signs of 
peripheral neuropathy.

Patients must not donate blood during treat-
ment and for 1 month following treatment.

(Celgene Corp., 2017b)

Monoclonal 
antibodies: 
Chimeric

Targets the CD30 
antigen and deliv-
ers a drug called 
monomethyl 
auristatin E, or 
MMAE

Brentuximab  
vedotin (anti-
CD30 antibody; 
Adcetris®)

IV Lymphoma Peripheral neuropathy, fatigue, 
rash, GI toxicities, neutrope-
nia, anemia, upper respiratory 
tract infection, cough, fever, 
infusion-related reactions

Recommended dosage is 1.8 mg/kg up to 180 
mg IV over 30 minutes every 3 weeks.

Dose reduce in patients with mild hepatic 
impairment.

Monitor liver enzymes and bilirubin.
Monitor CBC, with intervention if grade 3 or 

higher neutropenia occurs.
Advise patients to report symptoms of pulmo-

nary toxicity, hepatotoxicity, and dermatologic 
toxicity.

Store reconstituted vials or diluted solution at 
2°C–8°C and use within 24 hours.

Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

Blocks the bind-
ing of ligands to 
EGFR

Cetuximab 
(anti-EGFR 
antibody; 
Erbitux®)

IV Colorectal cancer
Head and neck can-

cers

Fatigue, pain, peripheral neu-
ropathy, headache, insom-
nia, weight loss, skin toxici-
ties (e.g., acneform rash, nail 
changes), hypomagnesemia, 
dehydration, GI toxicities, ele-
vated LFTs, weakness, dys-
pnea, cough, fever, pharyngi-
tis, infusion-related reactions

Administer 400 mg/m2 initial dose as a 
120-minute IV infusion.

Maintenance dosage is 250 mg/m2 weekly over 60 
minutes (maximum infusion rate is 10 mg/min).

Initiate cetuximab 1 week prior to start of radiation.
Complete cetuximab 1 hour prior to platinum-

based therapy with 5-fluorouracil and FOLFIRI 
(leucovorin, 5-fluorouracil, and irinotecan).

Administer with a 0.22 micrometer in-line filter.
Premedicate with an H1 antagonist.
Monitor serum electrolytes (e.g., magnesium, 

potassium, calcium).
Monitor for dermatologic toxicities and advise 

patients to wear sunscreen. Monitor for pre-
existing cardiac disease or worsening or new 
cardiac symptoms.

Preparations are stable for 12 hours at 2°C–
8°C or for 8 hours at 20°C–25°C.

Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

(Continued on next page)
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Monoclonal  
antibodies:  
Chimeric 
(cont.)

Binds to GD2 on 
neuroblastoma 
cells, resulting in 
cell lysis

Dinutuximab 
(anti-GD2 anti-
body; Unituxin®)

IV Neuroblastoma Hypotension, capillary leak syn-
drome, pain, urticaria, hypo-
natremia, hypokalemia, hypo-
albuminemia, hypocalce-
mia, hypophosphatemia, 
increased ALT, vomiting, diar-
rhea, increased serum AST, 
thrombocytopenia, lymphocy-
topenia, anemia, neutropenia, 
severe infusion-related reac-
tions, fever, hypoxia

Administer 17.5 mg/m2/day IV over 10–20 
hours for 4 consecutive days for up to 5 
cycles.

Premedicate with an analgesic, antiemetic, 
antihistamine, antipyretic, and IV hydration 
with NS.

Monitor peripheral blood counts and serum 
electrolytes.

Advise patients to report symptoms of electro-
lyte dysfunctions, eye disorders, thrombocy-
topenia, neutropenia, and worsening neu-
ropathy.

Store for up to 4 hours at 2°C–8°C prior to 
administration.

Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

Binds to the anti-
gen CD20

Rituximab (anti-
CD20 antibody; 
Rituxan®)

IV Chronic lymphocytic 
leukemia

Non-Hodgkin lym-
phoma

Fatigue, chills, neuropathy, 
nausea, lymphocytopenia, 
anemia, infection, weakness, 
infusion-related reactions, 
tumor lysis syndrome

Administer 375 mg/m2 IV for non-Hodgkin lym-
phoma.

Administer 375 mg/m2 in first cycle and 500 mg/
m2 in cycles 2–6 for chronic lymphocytic leuke-
mia. With first administration, use stepped-up 
dosing: 50 mg on day 1, 150 mg on day 2, and 
the remainder of the 375 mg/m2 on day 3.

Pretreat with acetaminophen and an antihista-
mine prior to each infusion.

Monitor renal function and CBC.
Advise patients to avoid vaccines. Administra-

tion of non-live vaccines should take place 
at least 4 weeks prior to 2-week treatment. 
Instruct patients to report any skin toxici-
ties. If patients have a history of hepatitis B, 
advise them to report any signs or symp-
toms of an active infection.

Store diluted solution at 2°C–8°C for up to 24 
hours.

Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

(Continued on next page)
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Table 10-1. Immunotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Monoclonal  
antibodies:  
Chimeric 
(cont.)

Binds to the anti-
gen CD20 and 
is combined with 
hyaluronidase 
human

Rituximab 
and hyaluroni-
dase (Rituxan 
Hycela™)

SC Chronic lymphocytic 
leukemia

Non-Hodgkin lym-
phoma

Neutropenia, anemia, hyper-
sensitivity reaction, nau-
sea, constipation, diarrhea, 
fatigue, tumor lysis syndrome, 
bowel obstruction or perfora-
tion, embryo-fetal toxicities

All patients receive at least one full dose of 
rituximab IV before receiving SC dose of 
Rituxan Hycela.

Chronic lymphocytic leukemia: 1,600 mg 
rituximab and 26,800 units hyaluronidase 
human. Administer SC over 7 minutes.

Non-Hodgkin lymphoma: 1,400 mg rituximab 
and 23,400 units hyaluronidase human. 
Administer SC over 5 minutes.

Premedicate with acetaminophen and antihis-
tamine before each dose. Consider premedi-
cation with corticosteroid.

(Genentech, Inc., 2017b)

Monoclonal 
antibodies: 
Human

Binds to CD38 Daratumumab 
(anti-CD38 anti-
body; Darza-
lex®)

IV Multiple myeloma Fatigue, nausea, lymphocyto-
penia, neutropenia, anemia, 
back pain, cough, fever, infu-
sion-related reactions

Administer 16 mg/kg IV. Use a 0.22 or 0.2 
mcm in-line filter. Titrate per package insert 
based on volume and dose.

Administer weekly for 8 doses (weeks 1–8), 
then every 2 weeks (weeks 9–24), and then 
every 4 weeks (starting week 25) until dis-
ease progression.

Pretreat with dexamethasone 20 mg plus an 
oral antipyretic and oral or IV antihistamine.

Interference with serologic testing: Daratu-
mumab binds to CD38 on RBCs and results 
in a positive indirect Coombs test. A type 
and screen must be done for all patients 
prior to starting therapy. Positive Coombs 
test may occur up to 6 months after last 
administration. Notify transfusion center that 
the patient has received daratumumab.

Educate patients to report symptoms of infec-
tion and easy bruising or bleeding.

Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

Binds to RANKL 
and blocks its 
interaction with 
RANK

Denosumab 
(anti-RANK 
antibody; Pro-
lia®, Xgeva®)

SC Prolia: Increases bone 
mass and treats 
osteoporosis

Xgeva: Bone metas-
tasis

Osteonecrosis of the jaw, hypo-
calcemia, hypophosphate-
mia, dyspnea, infusion-related 
reactions

Prolia: Administer SC 60 mg every 6 months.
Xgeva: Administer SC 120 mg every 4 weeks.
Monitor calcium levels.
Assess for and advise patients to report symp-

toms of osteonecrosis of the jaw or hypocal-
cemia.

(Truven Health Analytics, 2017)

(Continued on next page)
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Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Monoclonal 
antibodies: 
Human (cont.)

Binds to and pre-
vents the ligand 
binding of EGFR

Necitumumab 
(anti-EGFR 
antibody; Por-
trazza®)

IV Lung cancer Skin toxicity, rash, hypomagne-
semia, hypocalcemia, hypo-
phosphatemia, hypokale-
mia, vomiting, infusion-related 
reactions

Administer 800 mg as an IV infusion over 60 
minutes on days 1 and 8 of each 21-day cycle.

Monitor serum electrolytes.
Advise patients to report symptoms of throm-

boembolic events and to wear sunscreen 
and report dermatologic toxicities.

Educate patients to report symptoms of hypo-
magnesemia.

(Truven Health Analytics, 2017)

Binds to CD20 
antigen on B cells

Ofatumumab 
(anti-CD20 anti-
body; Arzerra®)

IV Leukemia Neutropenia, infection, pneu-
monia, infusion-related reac-
tions

Administer as an IV infusion. Dosing is depen-
dent on stage and treatment history; see 
package insert. Titrate per package insert.

Premedicate with acetaminophen, an IV or 
oral antihistamine, and an IV corticosteroid.

Monitor CBC and neurologic function.
Advise patients to report symptoms of myelo-

suppression.
If patients have a history of hepatitis B, 

instruct them to report any signs or symp-
toms of an active infection.

Start infusion within 12 hours of preparation, 
and discard after 24 hours.

Once drug is diluted, store at 2°C–8°C.
Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

Binds to 
PDGFR-α, block-
ing it

Olaratumab 
(anti-PDGFR-α 
antibody; Lar-
truvo™)

IV Sarcoma Fatigue, neuropathy, alopecia, 
nausea, mucositis, vomiting, 
diarrhea, decreased appe-
tite, abdominal pain, musculo-
skeletal pain, lymphocytope-
nia, neutropenia, hyperglyce-
mia, hypokalemia, hypophos-
phatemia, thrombocytopenia, 
prolonged activated partial 
thromboplastin time, infusion-
related reactions

Administer at 15 mg/kg over 60 minutes as an IV 
infusion on days 1 and 8 of each 21-day cycle.

Premedicate with an antihistamine IV prior to 
drug on day 1 of cycle 1.

Administer for first 8 cycles with doxorubicin 
for patients with sarcoma.

Instruct patients to report symptoms of infu-
sion-related reactions.

Allow refrigerated solution to come to room 
temperature prior to infusion.

Diluted solution may be stored up to 24 hours 
at 2°C–8°C and up to an additional 4 hours 
at room temperature.

Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

(Continued on next page)
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Table 10-1. Immunotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Monoclonal 
antibodies: 
Human (cont.)

Blocks the bind-
ing of ligands to 
EGFR

Panitumumab 
(anti-EGFR; 
Vectibix®)

IV Colorectal cancer Fatigue, skin toxicity (acneform 
dermatitis, pruritus, erythema, 
rash, exfoliation, paronychia, 
dry skin, fissures; occurred 
in 90% of patients and were 
grade 3 or higher in 15% of 
patients), ocular toxicity, nau-
sea, diarrhea, vomiting, dys-
pnea, pulmonary fibrosis/
interstitial lung disease, infu-
sion-related reactions

Administer 6 mg/kg every 14 days as an IV 
infusion. If dose < 1,000 mg, infuse over 60 
minutes; if dose > 1,000 mg, infuse over 90 
minutes.

Administer using a low-protein-binding 0.2 mm 
or 0.22 mm in-line filter.

Monitor electrolytes.
Monitor for ocular toxicities (keratitis or ulcer-

ative keratitis) and dermatologic toxicities. 
Advise patient to limit sun exposure.

Use the diluted solution within 6 hours of dilu-
tion if stored at room temperature or within 
24 hours if stored at 2°C–8°C.

Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

Binds to VEGFR2 
and prevents 
ligands from bind-
ing

Ramucirumab 
(anti-VEGFR2 
antibody; 
Cyram za®)

IV Colorectal cancer
Lung cancer
Gastric cancer

Hypertension (> 15%), protein-
uria, infusion-related reac-
tions

Administer 8–10 mg/kg IV infusion over 60 
minutes; schedule is specific to cancer type. 
Administer with sodium chloride only.

Administer with a protein-sparing 0.22 micron 
filter.

Premedicate with IV H1 antagonist. If patients 
had a prior grade 1 or 2 infusion reaction, 
also premedicate with dexamethasone and 
acetaminophen.

Monitor blood pressure and discontinue if 
patients experience severe and uncontrolled 
hypertension.

Monitor urine protein levels and thyroid function.
Withhold drug prior to surgery and until wound 

is healed.
Monitor for signs and symptoms of bleeding.
Drug may cause fetal harm when adminis-

tered to pregnant women. Women should 
use contraception during treatment and for 3 
months after the last dose.

Use diluted solution within 24 hours if stored 
at 2°C–8°C or within 4 hours if stored at 
room temperature.

Do not administer as an IV push or bolus.
(Eli Lilly and Co., 2017; Truven Health Analyt-

ics, 2017)

(Continued on next page)

Table 10-1. Immunotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Monoclonal 
antibodies: 
Human (cont.)

Binds to and pre-
vents the ligand 
binding of EGFR

Necitumumab 
(anti-EGFR 
antibody; Por-
trazza®)

IV Lung cancer Skin toxicity, rash, hypomagne-
semia, hypocalcemia, hypo-
phosphatemia, hypokale-
mia, vomiting, infusion-related 
reactions

Administer 800 mg as an IV infusion over 60 
minutes on days 1 and 8 of each 21-day cycle.

Monitor serum electrolytes.
Advise patients to report symptoms of throm-

boembolic events and to wear sunscreen 
and report dermatologic toxicities.

Educate patients to report symptoms of hypo-
magnesemia.

(Truven Health Analytics, 2017)

Binds to CD20 
antigen on B cells

Ofatumumab 
(anti-CD20 anti-
body; Arzerra®)

IV Leukemia Neutropenia, infection, pneu-
monia, infusion-related reac-
tions

Administer as an IV infusion. Dosing is depen-
dent on stage and treatment history; see 
package insert. Titrate per package insert.

Premedicate with acetaminophen, an IV or 
oral antihistamine, and an IV corticosteroid.

Monitor CBC and neurologic function.
Advise patients to report symptoms of myelo-

suppression.
If patients have a history of hepatitis B, 

instruct them to report any signs or symp-
toms of an active infection.

Start infusion within 12 hours of preparation, 
and discard after 24 hours.

Once drug is diluted, store at 2°C–8°C.
Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

Binds to 
PDGFR-α, block-
ing it

Olaratumab 
(anti-PDGFR-α 
antibody; Lar-
truvo™)

IV Sarcoma Fatigue, neuropathy, alopecia, 
nausea, mucositis, vomiting, 
diarrhea, decreased appe-
tite, abdominal pain, musculo-
skeletal pain, lymphocytope-
nia, neutropenia, hyperglyce-
mia, hypokalemia, hypophos-
phatemia, thrombocytopenia, 
prolonged activated partial 
thromboplastin time, infusion-
related reactions

Administer at 15 mg/kg over 60 minutes as an IV 
infusion on days 1 and 8 of each 21-day cycle.

Premedicate with an antihistamine IV prior to 
drug on day 1 of cycle 1.

Administer for first 8 cycles with doxorubicin 
for patients with sarcoma.

Instruct patients to report symptoms of infu-
sion-related reactions.

Allow refrigerated solution to come to room 
temperature prior to infusion.

Diluted solution may be stored up to 24 hours 
at 2°C–8°C and up to an additional 4 hours 
at room temperature.

Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

(Continued on next page)
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Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Monoclonal 
antibodies: 
Humanized

Targets HER2 and 
delivers a drug 
called DM-1

Ado-trastu-
zumab  
emtansine
(anti-HER2 
antibody con-
jugated with 
emtansine; 
Kadcyla™)

IV Breast cancer Fatigue, headache, periph-
eral neuropathy, hypokale-
mia, GI toxicities, thrombocy-
topenia, anemia, neutropenia, 
hemorrhage, elevated LFTs, 
myalgias, epistaxis, infusion-
related reactions

Administer 3.6 mg/kg as an IV infusion every 
21 days. Give first infusion over 90 minutes 
followed by at least 90 minutes observation 
following initial dose due to risk of infusion 
reactions. If initial dose is tolerated, subse-
quent infusions can be given over 30 min-
utes followed by 30 minutes of observation.

Use an in-line filter during administration.
Monitor platelet counts.
Monitor for signs and symptoms of neurotoxic-

ity, and assess for acute hepatotoxicity, cardiac 
dysfunction, pneumonitis, thrombocytopenia, 
and extravasation and infusion site reactions.

Administer immediately after preparation or 
within 24 hours if refrigerated.

Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

Targets the CD52 
antigen on leuke-
mia cells

Alemtuzumab
(anti-CD52 anti-
body; Cam-
path®)

IV Leukemia Headache, fatigue, rash, thy-
roid disease, nausea, lym-
phocytopenia, antibody devel-
opment, infection, infusion-
related reactions, nasophar-
yngitis, fever

Initiate at a dose of 3 mg IV over 2 hours daily. 
When 3 mg IV is tolerated, the dose can be 
escalated to 10 mg and then up to the main-
tenance dose of 30 mg IV daily.

The maintenance dose is administered 3 
times per week for 12 weeks.

Premedicate with an antihistamine and acet-
aminophen, with or without anti-infectives.

Determine history of varicella or varicella zos-
ter virus vaccination prior to administration.

Monitor CBC and platelets.
Advise patient to report symptoms of infection 

or signs of thyroid disorder.
Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

(Continued on next page)
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Table 10-1. Immunotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Monoclonal 
antibodies: 
Humanized 
(cont.)

Binds to VEGF 
and prevents it 
from binding with 
its receptors

Bevacizumab
(anti-VEGF 
antibody; Avas-
tin®)

IV Breast cancer
Cervical cancer
Colorectal cancer
Fallopian tube cancer
Glioblastoma
Lung cancer
Ovarian cancer
Primary peritoneal 

cancer
Renal cell cancer

Hypertension, fatigue, pain, 
headache, abdominal pain, 
constipation, diarrhea, nau-
sea, vomiting, loss of appe-
tite, hyperglycemia, protein-
uria, hemorrhage, leukopenia, 
upper respiratory tract infec-
tion, epistaxis, dyspnea, infu-
sion-related reactions

Administer 5–10 mg/kg as an IV infusion every 
2–3 weeks depending on cancer type.

Monitor blood pressure and urine protein.
Advise patient to use reliable contraception 

and to report signs of thrombotic events and 
GI perforation.

Diluted solution may be stored at 2°C–8°C for 
up to 8 hours.

Do not administer as an IV push or bolus.
Do not administer within 28 days before or 

after surgery.
(Truven Health Analytics, 2017)

Binds to comple-
ment protein C5 
to inhibit the for-
mation of the ter-
minal complement 
complex C5b-9 to 
mediate intravas-
cular hemolysis

Eculizumab
(anti-CD5 anti-
body; Soliris®)

IV Hemolysis associated 
with paroxysmal noc-
turnal hemoglobinuria

Atypical hemolytic ure-
mic syndrome

Headache, nasopharyngitis, 
back pain, nausea, increased 
risk of meningococcal infec-
tions, infusion-related reac-
tions

For paroxysmal nocturnal hemoglobinuria: 
Administer 600 mg over 35 minutes IV every 
7 days for first 4 weeks, then 900 mg for the 
fifth dose 7 days later, then 900 mg every 14 
days thereafter.

For atypical hemolytic uremic syndrome: 
Administer 900 mg over 35 minutes IV every 
7 days for first 4 weeks, then 1,200 mg for 
the fifth dose 7 days later, then 1,200 mg 
every 14 days thereafter.

Monitor CBC and serum lactate dehydroge-
nase levels.

Administer by IV infusion over 35 minutes. If the 
infusion is slowed for infusion-related reactions,  
the total infusion time should not exceed 2 hours.

Do not use in patients with unresolved serious 
Neisseria meningitides infection or those who 
are currently not vaccinated against it. Vacci-
nate patients at least 2 weeks in advance of 
first dose of eculizumab. Revaccinate accord-
ing to medical guidelines for vaccine use.

(Truven Health Analytics, 2017)

(Continued on next page)
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Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Monoclonal 
antibodies: 
Humanized 
(cont.)

Binds to SLAMF7 
on myeloma cells 
and activates NK 
cell cytotoxicity

Elotuzumab
(anti-SLAMF7 
antibody; 
Empliciti™)

IV Multiple myeloma Bradycardia, tachycardia, 
altered blood pressure, 
fatigue, peripheral neuropathy, 
hyperglycemia, hypocalcemia, 
hypoalbuminemia, decreased 
serum bicarbonate, hyperka-
lemia, diarrhea, constipation, 
decreased appetite, lympho-
cytopenia, leukopenia, throm-
bocytopenia, increased serum 
alkaline phosphatase, infec-
tion, cough, nasopharyngitis, 
upper respiratory tract infec-
tion, pneumonia, fever, infu-
sion-related reactions

Administer 10 mg/kg IV every week, with an 
in-line filter, for first 2 cycles, then every 2 
weeks thereafter.

Premedicate with an oral or IV antihistamine, 
an oral H2 antagonist, and acetaminophen 
600–1,000 mg PO, and dexamethasone.

Monitor liver function.
Instruct patients to report symptoms of infec-

tion and signs of electrolyte imbalances.
Complete infusion within 24 hours of recon-

stitution.
Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

Binds to CD33 
antigen on leuke-
mia cells

Gemtuzumab 
ozogamicin
(anti-CD33 anti-
body; Mylo-
targ™)

IV Leukemia Abdominal pain, anorexia, 
chills, constipation, diarrhea, 
dyspnea, esophagitis, fever, 
headache, hyperbilirubine-
mia, hypokalemia, infection, 
nausea, mucositis, vomiting, 
weakness, infusion-related 
reactions

Administer 2–6 mg/kg IV over 2 hours, with an 
in-line filter, depending on leukemia type.

Premedicate with acetaminophen 650 mg PO 
and an antihistamine.

Monitor platelet counts.
Advise patient to report signs of infection, GI 

toxicities, and hypokalemia.
Infuse immediately.
Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

Binds to CD22 and 
is conjugated with 
a cytotoxic agent

Inotuzumab 
ozogamicin 
(Besponsa®)

IV Relapsed or refrac-
tory B-cell precursor 
acute lymphoblastic 
leukemia in adults

Myelosuppression, infusion-
related reactions, QT inter-
val prolongation, embryo-fetal 
toxicity, fatigue, liver toxicity

Administer IV over 1 hour:
 • Day 1: 0.8 mg/m2

 • Day 8: 0.5 mg/m2

 • Day 15: 0.5 mg/m2

Premedicate with corticosteroid, antipyretic, 
and antihistamine prior to administration. 
Monitor for at least 1 hour after infusion for 
infusion reactions.

(Wyeth Pharmaceuticals Inc., 2018)

(Continued on next page)
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Table 10-1. Immunotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Monoclonal 
antibodies: 
Humanized 
(cont.)

Binds to CD20, 
eventually leading 
to cell death

Obinutuzumab
(anti-CD20 anti-
body; Gazyva®)

IV Leukemia
Lymphoma

Hypophosphatemia, hypocal-
cemia, hyperkalemia, hypo-
natremia, hypoalbuminemia, 
lymphocytopenia, leukopenia, 
anemia, elevated LFTs, infec-
tion, decreased creatinine 
clearance, increased serum 
creatinine, cough, infusion-
related reactions

Administer for 6 cycles: 100 mg IV on day 1, 
cycle 1; 900 mg on day 2, cycle 1; 1,000 mg 
on days 8 and 15 of cycle 1; and 1,000 mg 
on day 1 of cycles 2–6.

See package insert for titration guidelines.
Premedicate with acetaminophen 650–1,000 

mg, dexamethasone 20 mg IV or methylpred-
nisolone 80 mg IV, and an antihistamine for 
cycle 1. For all subsequent infusions, premedi-
cate with acetaminophen 650–1,000 mg.

Monitor CBC and electrolytes.
Patients should avoid live vaccines. Instruct 

patients to report liver and kidney toxicity 
symptoms.

May store at 2°C–8°C for up to 24 hours.
Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

Targets HER2 pro-
tein on breast can-
cer cells

Pertuzumab
(anti-HER2 
antibody; Per-
jeta®)

IV Breast cancer Weakness, myalgias, neutro-
penia, anemia, diarrhea, nau-
sea, vomiting, alopecia, rash, 
fatigue, headache, left ven-
tricular cardiac dysfunction, 
infusion-related reactions

Administer initial dose of 840 mg IV over 60 
minutes, then 420 mg every 3 weeks over 
30–60 minutes.

Monitor LVEF and for cardiac failure/dysfunc-
tion symptoms.

Administer immediately or store at 2°C–8°C 
for 24 hours.

Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

Targets HER2 pro-
tein on breast can-
cer cells

Trastuzumab
(anti-HER2 
antibody; Her-
ceptin®)

IV Breast cancer
Gastric cancer

Decreased LVEF, pain, chills, 
headache, diarrhea, nausea, 
vomiting, abdominal pain, 
weakness, cough, dyspnea, 
fever, infusion-related reac-
tions

Administer initial dose of 2–8 mg/kg IV. Dose 
depends on cancer type.

Monitor LVEF and for cardiac failure/dysfunc-
tion symptoms.

Drug may be stored at 2°C–8°C for no more 
than 24 hours prior to use.

Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)

(Continued on next page)
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Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Monoclonal 
antibodies: 
Murine

Binds to CD19 on 
precursor B cells 
and to CD3 on the 
surface of T cells

Blinatumomab 
(anti-CD19/CD3 
antibody; Blin-
cyto®)

IV Leukemia Edema, hypertension, neu-
rotoxicity, headache, rash, 
hypokalemia, nausea, vom-
iting, abdominal pain, ane-
mia, thrombocytopenia, neu-
tropenia, leukopenia, febrile 
neutropenia, elevated serum 
ALT, infection, fever, infusion-
related reactions

Treatment course consists of up to 2 cycles for 
induction, followed by 3 additional cycles of 
consolidation, and up to 4 cycles of contin-
ued therapy.

Administer 5–28 mcg/m2 IV based on weight 
and cycle.

Dosage is weight and cycle based.
Premedicate with dexamethasone 20 mg an 

hour prior to first dose of each cycle, prior 
to a step dose (such as cycle 1, day 8), and 
when restarting an infusion after an interrup-
tion of ≥ 4 hours.

(Continued on next page)

Instruct patients to refrain from driving while 
blinatumomab is infusing.

Hospitalization is recommended for first 9 
days of first cycle and first 2 days of the sec-
ond cycle.

Patients should be aware of the neurotoxicity 
effects and avoid activities that require men-
tal alertness or coordination for first dose. 
Instruct patients to report these neurologic 
toxicities, as well as symptoms of infec-
tion and pancreatitis. Advise patients not to 
change pump settings and to alert healthcare 
worker immediately if pump malfunctions.

Reconstituted solution may be stored at room 
temperature for 4 hours or at 2°C–8°C for 
24 hours.

Do not flush the blinatumomab infusion line or 
IV catheter, especially when changing infu-
sion bags. Flushing when changing bags or at 
completion of the infusion can result in excess 
dosage and complications thereof. Blinatu-
momab should be infused through a dedi-
cated lumen of a vascular access catheter.

Cytokine release syndrome can occur and 
may be life-threatening or fatal. Interrupt or 
discontinue blinatumomab and treat with 
corticosteroids as recommended by pro-
vider. 

Do not administer as an IV push or bolus.
(Truven Health Analytics, 2017)
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Table 10-1. Immunotherapy Agents (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Monoclonal 
antibodies: 
Radioimmuno-
therapy

IgG1 kappa 
murine mAb con-
jugated with 
yttrium-90 (90Y), 
targeting CD20 on 
cells

90Y-ibritumomab 
tiuxetan (Zeva-
lin®)

IV Relapsed or refractory 
follicular B-cell or 
low-grade non-Hodg-
kin lymphoma

Follicular lymphoma 
in patients who 
achieved a complete 
or partial response 
to first-line chemo-
therapy

Hematologic toxicity is the 
major side effect; onset may 
be delayed and duration pro-
longed (cytopenias have per-
sisted 12 weeks postadmin-
istration).

Fatigue, nasopharyngitis, nau-
sea, abdominal pain, asthe-
nia, cough, diarrhea, and 
pyrexia are also common.

Severe infusion reactions have 
occurred with rituximab, as a 
component of the therapeu-
tic regimen; premedications 
should be given before ritux-
imab. See prescribing infor-
mation for side effects attrib-
utable to rituximab.

Secondary leukemias and 
myelodysplastic syndrome 
have been reported in 
1%–7% of patients (Casa-
dei et al., 2016; Stefoni et al., 
2016).

Severe cutaneous and muco-
cutaneous reactions: Ery-
thema multiforme, Stevens-
Johnson syndrome, toxic epi-
dermal necrolysis, and exfo-
liative and bullous dermatitis 
have been reported.

90Y-ibritumomab tiuxetan is administered on 
a specific regimen that includes “pretarget-
ing” of the tissues with the mAb rituximab 
first, followed by the radiolabeled isotope. 
Patients receive rituximab 250 mg/m2 on day 
1. On day 7, 8, or 9, a second dose of ritux-
imab 250 mg/m2 is administered, followed by
the 90Y-ibritumomab tiuxetan.

If platelet count ≥ 150,000/mm3: Within 4 
hours after rituximab infusion, administer 0.4 
mCi/kg (14.8 MBq/kg) 90Y-ibritumomab tiux-
etan IV.

If platelet count ≥ 100,000/mm3 but ≤ 149,000/
mm3 in patients with relapsed or refractory 
disease: Within 4 hours after rituximab infu-
sion, administer 0.3 mCi/kg (11.1 MBq/kg) 
90Y-ibritumomab tiuxetan IV.

Monitor CBC weekly for up to 3 months after 
administration.

Instruct patients to use effective contracep-
tion methods during treatment and for 12 
months postadministration because of 
potential gonadal toxicity. Pregnancy should 
be avoided, and women should discontinue 
breastfeeding.

The ability to generate an immune response 
to vaccines after administration has not been 
established, nor has the safety of adminis-
tration of live vaccines. It is recommended 
that patients not receive live vaccines.

(Spectrum Pharmaceuticals, Inc., 2013)

(Continued on next page)
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Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Oncolytic viral 
therapy

Replicates within 
tumors to produce 
the immune-stim-
ulatory protein 
GM-CSF, caus-
ing tumor lysis and 
promoting an anti-
tumor response

Talimogene 
laherparepvec 
(Imlygic®)

SC (intra-
lesional 
injection)

Metastatic melanoma Immune-mediated: Fever, mal-
aise, chills, nausea, vomit-
ing, headache, elevated liver 
enzymes, injection site pain, 
autoimmune vitiligo

Protect the drug from light.
Administer via injection into cutaneous, subcu-

taneous, or nodal lesions at a starting dose 
of up to a maximum of 4 ml at a concentra-
tion of 106 (1 million) PFU/ml. Subsequent 
doses should be administered up to 4 ml of 
talimogene laherparepvec at a concentration 
of 108 (100 million) PFU/ml.

Wear personal protective equipment when 
administering and clean all surfaces that 
may have come in contact with agent with a 
virucidal agent.

Immunocompromised individuals should NOT 
administer the drug, change dressings, or 
have contact with body fluids.

Monitor injection site for necrosis or ulcer-
ation, cellulitis, and infection; keep injection 
site covered for at least a week after each 
treatment.

Women of childbearing potential should 
use effective contraception during treat-
ment. Caregivers should wear protective 
gloves when assisting patients in applying 
or changing occlusive dressings. Dispose of 
dressings and cleaning materials used for 
the site in a sealed plastic bag and dispose 
in household waste.

(Amgen Inc., 2015; Hoffner et al., 2016)

ALT—alanine aminotransferase; AML—acute myeloid leukemia; ANC—absolute neutrophil count; ARDS—acute respiratory distress syndrome; AST—aspartate aminotransferase; CAR—chimeric antigen recep-
tor; CBC—complete blood count; CD—cluster of differentiation; CRS—cytokine release syndrome; CTLA-4—cytotoxic T-lymphocyte antigen 4; EGFR—epidermal growth factor receptor; G-CSF—granulocyte–
colony-stimulating factor; GD2—ganglioside; GI—gastrointestinal; GM-CSF—granulocyte macrophage–colony-stimulating factor; HER2—human epidermal growth factor receptor 2; Hgb—hemoglobin; HSCT—
hematopoietic stem cell transplantation; IFN—interferon; IL—interleukin; IM—intramuscular; irAEs—immune-related adverse events; IV—intravenous; LFTs—liver function tests; LVEF—left ventricular ejection 
fraction; MI—myocardial infarction; NK—natural killer; NS—normal saline; NSCLC—non-small cell lung cancer; OBI—on-body injector; PAP—prostatic acid phosphatase; PDGFR—platelet-derived growth factor 
receptor; PD-L1—programmed cell death-ligand 1; PD-L2—programmed cell death-ligand 2; PD-1—programmed cell death protein 1; PE—pulmonary embolism; PFUs—plaque-forming units; PO—by mouth; 
RANK—receptor activator of nuclear factor kappa-B; RANKL—receptor activator of nuclear factor kappa-B ligand; RBC—red blood cell; rHu—recombinant human; SC—subcutaneous; SLAMF7—signaling lym-
phocytic activation molecule family member 7; T4—thyroxine; TSH—thyroid-stimulating hormone; VEGF—vascular endothelial growth factor; VEGFR—vascular endothelial growth factor receptor
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(2) Most commonly observed irAEs (see 
Figure 10-1)
(a) Gastrointestinal: Diarrhea, colitis
(b) Pulmonary: Pneumonitis
(c) Dermatologic: Rash, pruritus
(d) Endocrine: Hypophysitis, hyper- 

or hypothyroidism
(e) Renal: Nephritis

(3) Management: Management of irAEs 
entails assessment, pharmacologic 
management, and potential holding or 
withdrawal of the causative agent. Sev-
eral organizations, such as the Amer-
ican Society of Clinical Oncology, the 
National Comprehensive Cancer Net-
work, the Society for Immunotherapy 
of Cancer, and the European Society 

for Medical Oncology (Brahmer et al., 
2018; Haanen et al., 2017), have pub-
lished clinical guidelines for check-
point inhibitor–related irAEs. General 
recommendations include the follow-
ing (Brahmer et al., 2018):
(a) Grade 1 toxicities can generally be 

managed while continuing check-
point inhibitor therapy (with the 
exception of certain neurologic 
and hematologic toxicities).

(b) Grade 2 toxicit ies generally 
require holding checkpoint inhib-
itors until grade 1 or lower toxic-
ity levels are achieved. Corticoste-
roids may be introduced for toxic-
ity management.

(c) Grade 3 toxicities require the 
checkpoint inhibitors be held, and 
high-dose corticosteroid therapy 
over six weeks is recommended. 
Checkpoint inhibitors should be 
restarted cautiously, if at all.

(d) Grade 4 toxicities typically require 
permanent discontinuation of 
checkpoint inhibitors.

f) Education (Bayer et al., 2017)
(1) Patients should be educated prior to 

the start and throughout the duration 
of therapy about the potential toxici-
ties associated with immunotherapy.

(2) Patients should be educated about how 
to manage irAEs associated with ther-
apy and when to present to the hospi-
tal or emergency department for fur-
ther assessment.

(3) Patients should be aware of food and 
beverages that can exacerbate gastroin-
testinal inflammation and may need to 
implement dietary changes in the event 
of immune-mediated colitis (Brahmer 
et al., 2018).

2. CAR T-cell immunotherapy
a) Pathophysiology: CARs (also referred to as 

immune effector cells) are synthetic, geneti-
cally engineered receptors consisting of sig-
nal domains and an extracellular recogni-
tion domain derived from either murine or 
humanized antibodies (Maus, Grupp, Por-
ter, & June, 2014; Tasian & Gardner, 2015).

(1) CAR T-cell therapy uses tumor-specific 
antigen recognition to target specific 
malignancies.

(2) Cells can be autologous (collected from 
the patient during leukapheresis) or 

Figure 10-1. Potential Side Effects and Toxicities of 
Immunotherapy by System
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Note. Image courtesy of University of Texas MD Anderson Cancer Cen-
ter. Used with permission.
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allogeneic (collected from a healthy 
donor during leukapheresis).

(3) T cells are extracted and expanded, 
or multiplied by millions, in a labora-
tory setting (Callahan, Baniewicz, & 
Ely, 2017).

(4) The cells are then reinfused, target-
ing malignant cells through activation 
of T-cell memory, which also has the 
capacity for surveillance (Singh, Frey, 
Grupp, & Maude, 2016).

(5) A benefit of this type of therapy is per-
sistence of the cells—the ability of the 
modified T cells to continue to target 
any cells with the specific antigen indef-
initely (Grupp, 2014).

b) Mechanism of action
(1) Two agents are U.S. Food and Drug 

Administration (FDA) approved: axi-
cabtagene ciloleucel and tisagenle-
cleucel.

(2) In their current FDA-approved format, 
CAR T cells function by targeting the 
CD19 antigen, which is highly present 
in individuals with acute lymphoblas-
tic leukemia (National Cancer Insti-
tute, 2017).

(3) CD19 is highly expressed through-
out B-cell development from the early 
pro-B-cell stage through mature B cells 
(Maude, Teachey, Porter, & Grupp, 
2015).

(4) CAR T cells link an anti-CD19 single- 
chain variable fragment derived 
from an antibody to cells expressing 
the CD19 antigen (Maude, Shpall, & 
Grupp, 2014).

c) Indications: CAR T-cell immunotherapy has 
been FDA approved for the treatment of 
relapsed or refractory B-cell acute lympho-
blastic leukemia in pediatric and young adult 
patients (Novartis Pharmaceuticals Corp., 
2017b). In October 2017, FDA also approved 
a second cell-based gene therapy for certain 
types of refractory or relapsed large B-cell 
lymphoma, including diffuse large B-cell 
lymphoma, primary mediastinal large B-cell 
lymphoma, high-grade B-cell lymphoma, and 
B-cell lymphoma arising from follicular lym-
phoma, in adult patients after two other lines 
of treatment for the disease (Kite Pharma, 
Inc., 2017; U.S. FDA, 2017).

d) Collaborative management
(1) Administration: IV infusion (Bayer et 

al., 2017). At the time of infusion, nurs-

ing responsibilities include adminis-
tration of premedications if ordered, 
as well as careful monitoring of vital 
signs and signs and symptoms of infu-
sion reactions.

(2) Monitoring: After infusion, frequent 
nursing assessments are vital to ensure 
patient safety.
(a) Monitoring includes frequent vital 

signs; assessment for pain, infection, 
and neurologic status changes; and 
laboratory assessments for inflam-
matory biomarkers, organ toxici-
ties, and coagulopathies.

(b) Early recognition of changes 
could help prevent or aid in ear-
lier intervention for more serious 
side effects, such as severe cyto-
kine release syndrome (CRS) and 
cerebral edema.

(c) Frequent follow-up with the 
patient’s physician for the first 
several weeks after infusion is 
important for monitoring of blood 
counts and overall health.

(d) Other tests that may be performed 
with less frequency include bone 
marrow aspirates and biopsies and 
radiologic imaging.

(e) Patients who received CAR T-cell 
infusion through a clinical trial 
may be asked to participate in 
long-term follow-up to monitor 
for persistence of the CAR T cells, 
adverse events, and disease relapse 
or other autoimmune or hemato-
logic disorders, such as B-cell apla-
sia (McConville et al., 2017).

e) Toxicities
(1) CD19 is present on both healthy and 

malignant cells, both of which are tar-
geted by CAR T-cell therapy (Grupp, 
2014). This results in the expected 
side effect of B-cell aplasia. This may 
be managed with IV immunoglobulin 
replacement therapy to help provide 
antibodies to prevent infection. Treat-
ment for this toxicity may be needed for 
several years following CAR T-cell ther-
apy (National Cancer Institute, 2017).

(2) Serious and potentially fatal neurotox-
icities are associated with CAR T-cell 
therapy. Hallmark signs include confu-
sion, aphasia, and seizures; therefore, 
neurologic assessment is imperative.
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(3) CRS is the most common toxicity of 
CAR T-cell therapy and includes symp-
toms of fever, myalgias, fatigue, nau-
sea, headaches, hypotension, and cap-
illary leak (Maude, Barrett, Teachey, & 
Grupp, 2014). Actemra® (tocilizumab), 
an interleukin (IL)-6 receptor block-
ade, is approved for the treatment and 
management of severe CRS (Genen-
tech, Inc., 2017a).
(a) The hallmark of CRS is elevated 

inflammatory cytokines caused by 
immune activation, with patients 
demonstrating dramatic IL-6 lev-
els following CAR T-cell infusion. 
Tocilizumab has exhibited almost 
immediate reversal of CRS (Bon-
ifant, Jackson, Brentjens, & Cur-
ran, 2016).

(b) Dosing of tocilizumab: Weight 
based

i. Weight less than 30 kg
• Usual dosage: 12 mg/kg IV 

infusion over 60 minutes, 
alone or in combination 
with corticosteroids

• Repeat dosage: I f no 
improvement in signs and 
symptoms, may give up to 
three additional doses at 
least eight hours apart

ii. Weight greater than 30 kg
• Usual dosage: 8 mg/kg IV 

infusion over 60 minutes, 
alone or in combination 
with corticosteroids

• Repeat dosage: I f no 
improvement in signs and 
symptoms, may give up to 
three additional doses at 
least eight hours apart

• Maximum dosage: 800 
mg/IV infusion

(c) Administration of tocilizumab
i. May be used alone or in 

combination with cortico-
steroids

ii. Allow tocilizumab infusion 
to reach room temperature 
prior to infusion. Adminis-
ter over 60 minutes using an 
infusion set. Do not admin-
ister as an IV push or bolus.

(d) Assessment (Truven Health Ana-
lytics, 2017)

i. Assess lipid parameters at 
approximately four to eight 
weeks following initiation of 
therapy and every 24 weeks.

ii. Evaluate for tuberculosis risk 
factors, and test for latent 
tuberculosis prior to initi-
ation.

iii. Evaluate new-onset abdom-
inal symptoms for develop-
ment of gastrointestinal per-
foration.

f) Education
(1) Prior to infusion of CAR T cells, 

nurses should focus on patient edu-
cation, including caregiver require-
ments, financial implications, infec-
tion prevention, and emergency man-
agement.

(2) Ensure that patients and caregivers are 
aware of potential toxicities, particu-
larly CRS and neurotoxicities. Educate 
patients and caregivers on the signs and 
symptoms of these presentations and 
how they will be managed if they occur.

(3) Educate patients on the need for adher-
ence to long-term follow-up and toxic-
ity management once discharged from 
direct patient care.

3. Cytokines
a) Pathophysiology: Cytokines are small pro-

tein molecules released by different cells 
throughout the body, aiding with communi-
cation between the cells of the immune sys-
tem (Lee & Margolin, 2011).

(1) They can be further classified based on 
the proximity of the signaling cell to 
the target cell (Owen, Punt, & Stran-
ford, 2013).
(a) Endocrine action requires the 

cytokine to transmit its signal via 
the blood circulation to its dis-
tant target.

(b) Paracrine action is when the cyto-
kine signal has to diffuse through 
tissue fluids across an immuno-
logic synapse.

(c) Autocrine action is when a cell 
receives a signal from a cytokine 
within its own membrane recep-
tors.

(2) Cytokines generally are activated by 
a stimulus and induce responses by 
binding to specific receptors (Owen 
et al., 2013).



180

(a) Cells expressing receptors for spe-
cific cytokines can be activated or 
inhibited, either of which alters the 
immune effector function.

(b) Some cytokines are pleiotropic: 
they can induce different out-
comes based on the nature of the 
target cell.

b) Mechanism of action (Lee & Margolin, 2011; 
Owen et al., 2013)

(1) Cytokines affect the growth and dif-
ferentiation of white blood cells, red 
blood cells, platelets, and other cells 
that regulate immune and inflamma-
tory responses within the body.

(2) Cytokines may enhance cytotoxic activ-
ity and secrete additional cytokines, 
resulting in amplification of immune 
response.
(a) This enhanced immune response 

stimulates proliferation or activa-
tion and recruitment of additional 
immune effector cells.

(b) This is also known as the cas-
cade effect, in which one cytokine 
reaches its receptor on the target 
cell and then that cell produces 
one or more additional cytokines.

(3) Cytokines can exact proinflamma-
tory, anti-inflammatory, and regula-
tory functions in the immune system, 
such as hematopoiesis and wound 
healing.

(4) Cytokines can send signals that inhibit 
or promote cell death.

(5) Cytokines include a variety of chemo-
kines—a small group of cytokines that 
help mobilize immune cells toward spe-
cific sites in the body. These include 
interleukins, interferons, tumor necro-
sis factors, and growth factors.

(6) Cytokines regulate antibody produc-
tion, the functions of B and T cells, and 
interactions with antigen-presenting 
cells and natural killer cells.

c) Indications: Cytokines have diverse indica-
tions (see Table 10-1) based on agent cate-
gories grouped as follows (National Cancer 
Institute, 2013):

(1) Hematopoietic growth factors
(a) Stimulate growth, differentiation, 

and maturation of target cells
(b) The stimulating growth factors 

that are commonly used in patients 
with cancer are isolated to stimu-

late red blood cells, platelets, and 
white blood cells. Table 10-1 lists 
the currently used FDA-approved 
drugs. Examples: epoetin alfa, fil-
grastim.

(2) Interferons (Parker, Rautela, & 
Hertzog, 2016)
(a) Currently utilized as antineoplas-

tic and antiviral therapies. This 
chapter focuses on only the cur-
rently FDA-approved antitumor 
therapies.

(b) Interferon is part of the cell’s 
defense mechanism against 
viruses and other foreign sub-
stances. It was discovered in the 
1950s when scientists saw that it 
“interfered” with viral replication 
and growth.

(c) Interferon inhibits B-lymphocyte 
(B-cell) activation, enhances 
T-lymphocyte (T-cell) activity, and 
increases the cellular destruction 
capability of natural killer cells.

(d) Three forms of interferon exist: 
alpha, beta, and gamma. Inter-
feron alpha and interferon beta 
can be produced by any cell 
exposed to the virus, whereas inter-
feron gamma is only secreted by 
natural killer cells and T lympho-
cytes (Owen et al., 2013). Exam-
ples: interferon alfa-2b, peginter-
feron alfa-2b (alpha); interferon 
beta; interferon gamma.

(3) Interleukins
(a) Interleukins are naturally occur-

ring proteins secreted by cells as 
a response to a stimulus, such as 
an infection. Once interleukins 
are bound to a receptor, a cascade 
effect is created of signals that reg-
ulate growth, differentiation, and 
motility of cells (Ardolino, Hsu, & 
Raulet, 2015).

(b) They were discovered in the 1970s 
and named interleukins because, 
with the minimal knowledge avail-
able at that time, it appeared they 
were made by leukocytes and acted 
on other leukocytes. Further dis-
coveries revealed they are created 
by many different cells and pro-
vide a variety of functions (Owen 
et al., 2013).
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(c) There are now 37 known inter-
leukins, and each of them func-
tions differently with receptors 
on a variety of cells (Akdis et al., 
2011). Examples: aldesleukin (IL-
2), oprelvekin (IL-11).

(4) Unfortunately, naturally occurring 
growth factors also exist that, when over-
produced in the body, can contribute to 
the progression of cancer. One exam-
ple is vascular endothelial growth fac-
tor, which stimulates endothelial cells to 
increase production, penetrate tumors, 
and aid in angiogenesis, which allows 
the tumor access to nutrients to grow 
and progress (Vacchelli et al., 2014).

d) Collaborative management
(1) Administration: Cytokines have diverse 

administration routes, which are listed 
by agent in Table 10-1.

(2) Monitoring
(a) Interferons: Monitor laboratory 

values, specifically white blood 
cells, hemoglobin, platelets, and 
kidney and liver function. Assess 
for injection site redness versus 
infection or cellulitis.

(b) Interleukins: Monitor laboratory 
values, including complete blood 
count and kidney and liver func-
tion (Prometheus Laboratories 
Inc., 2012).

e) Toxicities: Cytokine toxicities vary by agent 
and are listed in Table 10-1.

f) Education
(1) Patients might be reluctant to discuss 

side effects because they are concerned 
of dose reductions or delays. Ask spe-
cific questions related to the drug ther-
apy they are taking so that management 
of toxicities can be started quickly and 
appropriately.

(2) Educate patients and caregivers to 
report new symptoms to their provider 
immediately.
(a) Interferons (Merck and Co., Inc., 

2015a, 2015b): Nausea, vomiting, 
loss of appetite, weight loss, hair 
loss, dry skin/rash, and fatigue 
are anticipated side effects. Notify 
providers of any depression and 
suicidal thoughts or plan. Avoid 
alcohol use.

(b) Interleukins (Prometheus Labo-
ratories Inc., 2012): Possible side 

effects include diarrhea, worsen-
ing rash with or without itching, 
cough, shortness of breath, swell-
ing of the extremities, chest pain, 
tachycardia, yellowing of the skin 
and eyes, bloated feeling, abdom-
inal distension, loss of appetite, 
and headache.

i. Use unscented, dye-free 
creams to help with rash.

ii. Document weight daily while 
on therapy, and notify team 
of a 10% loss or gain.

(3) Be aware that immunotherapy, espe-
cially agents that stimulate cytokines, 
can potentially cause ongoing over-
stimulation of the immune system, so 
these side effects might require life-
long management.

(4) Counsel patients on avoidance of preg-
nancy during all therapies. Include 
information on reliable contraception 
methods such as intrauterine devices, 
oral contraceptive pills, condoms, and 
spermicide.

4. Immunomodulators
a) Pathophysiology: Immunomodulators are a 

class of agents with immunomodulatory, anti-
angiogenic, or antineoplastic properties pri-
marily targeting pathways related to multiple 
myeloma (e.g., thalidomide).

b) Mechanism of action: Cereblon, a human pro-
tein encoded by the CRBN gene, has recently 
been identified as the primary target for this 
class of agents, as it is involved in the down-
regulation of interferon regulatory factor 
4, tumor necrosis factor-alpha, and T-cell 
immunomodulatory activity (Zhu, Kortuem, 
& Stewart, 2012). Examples: lenalidomide, 
pomalidomide, thalidomide.

c) Indications: Indications for immunomodu-
lators include primarily hematologic malig-
nancies (see Table 10-1).

d) Collaborative management
(1) Administration: Routes include oral 

administration. Drug-specific admin-
istration is outlined in Table 10-1 (Cel-
gene Corp., 2016, 2017a, 2017b). This 
class of agents is highly teratogenic; 
therefore, safe handling by providers, 
patients, and caregivers is important.

(2) Monitoring: Prior to the start of ther-
apy, pregnancy screening (two tests) 
in women of childbearing potential is 
imperative.
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e) Toxicities: See Table 10-1.
f) Education: Appropriate contraception 

should be used up to four weeks before and 
after treatment.

5. Monoclonal antibodies
a) Pathophysiology: Monoclonal antibodies are 

laboratory-made substances that mimic anti-
bodies produced naturally by the human body 
as a part of the immune system response (El 
Miedany, 2015).

(1) Bind with proteins and antigens
(2) Four types (see Figure 10-2)

(a) Murine: Made from mice (suffix: 
-omab). Examples: blinatumomab, 
yttrium-90 (90Y)-ibritumomab 
tiuxetan.

(b) Chimeric: Part mouse and part 
human (suffix: -ximab). Exam-
ples: brentuximab, cetuximab, 
dinutuximab, rituximab.

(c) Humanized: Small portions of 
mouse antibodies are attached to 
human  antibodies (suffix:  -zumab). 
Examples : ado -trastuzumab 
emtansine, alemtuzumab, bevaci-

zumab, eculizumab, elotuzumab, 
gemtuzumab ozogamicin, obinutu-
zumab, pertuzumab, trastuzumab.

(d) Human: Completely human anti-
bodies (suffix: -umab). Examples: 
daratumumab, denosumab, neci-
tumumab, ofatumumab, olara-
tumab, panitumumab, ramuci-
rumab.

b) Mechanism of action
(1) Monoclonal antibodies function in 

one of three manners (Johnson, 2015).
(a) One method involves the mAb’s 

ability to bind to cancer cells that 
contain tumor antigens. The 
antigens then prompt apoptosis 
(unconjugated antibodies).

(b) Another involves the particular 
mAb’s ability to bind to a receptor, 
blocking any antigens that would 
fuel cancer growth (unconjugated 
antibodies).

(c) Lastly, special antibodies can be 
conjugated to an element that is 
toxic to cancer cells (chemother-
apy, radiation, or another toxin). 
These antibodies can then be used 
to destroy tumor cells (conjugated 
antibodies).

(2) Unconjugated antibodies (American 
Cancer Society, 2016)
(a) Most common mAbs
(b) Work alone (versus conjugated 

antibodies, which join with a drug 
or particle)

(c) Can work by stimulating a per-
son’s immune response by bind-
ing to cancer cells and mimick-
ing a marker so that the body’s 
own immune system will destroy 
it. An example is alemtuzumab, 
which can be used as treatment 
for chronic lymphocytic leukemia. 
This mAb binds to CD52 antigens, 
thus drawing the immune cells to 
destroy them.

(d) Other mAbs can work by blocking 
the antigens on cancer cells that 
can help cancer spread. An exam-
ple is trastuzumab, which can be 
used as treatment for breast can-
cer. This mAb binds to the HER2 
protein, impairing its function-
ality.

(3) Conjugated antibodies

Figure 10-2. Types of Monoclonal Antibodies

Comparison of monoclonal antibodies (dark—human, light—
nonhuman):
 • Top row: mouse, chimeric
 • Bottom row: humanized, chimeric/humanized, human

The substems according to the nomenclature of monoclonal 
antibodies are shown below each antibody.

Note. From “Chimeric and Humanized Antibodies,” by Anypodetos, 
2010. Retrieved from https://en.wikipedia.org/wiki/File:Chimeric_and_
humanized_antibodies.svg#file. This work has been released into the 
public domain by its author, Anypodetos at English Wikipedia. Anypode-
tos grants anyone the right to use this work for any purpose, without any 
conditions, unless such conditions are required by law.

https://en.wikipedia.org/wiki/User:Anypodetos
https://en.wikipedia.org/wiki/en:public_domain
https://en.wikipedia.org/wiki/User:Anypodetos
https://en.wikipedia.org/wiki/
https://en.wikipedia.org/wiki/en:User:Anypodetos
https://en.wikipedia.org/wiki/en:User:Anypodetos
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(a) Work by being combined with a 
chemotherapy agent or radioac-
tive particle

i. Monoclonal ant ibodies 
deliver the conjugated agent 
straight to cancer cells in 
the body. An example is 
ado-trastuzumab emtansine, 
which can be used as treat-
ment for breast cancer. It is 
attached to DM1, a chemo-
therapy agent, and targets 
the HER2 protein.

ii. Monoclonal ant ibodies 
attach directly to cancer 
cell surface antigens so that 
the conjugated agent can be 
directly delivered.

(b) Targeted radionuclide therapy 
and RIT

i. Pathophysiology: Targeted 
radionuclide therapy is a 
treatment modality in which 
a therapeutic radionuclide 
(radioactive isotope) is con-
jugated with a carrier mol-
ecule (e.g., mAbs or pep-
tides) and, after adminis-
tration, delivers a therapeu-
tic dose of ionizing radia-
tion for curative intent, dis-
ease control, or palliation 
(Chatal & Hoefnagel, 1999; 
Dash, Chakraborty, Pillai, & 
Knapp, 2015).

ii. RIT is a form of targeted 
radionuclide therapy that 
uses m Abs conjugated 
to therapeutic radionu- 
clides.
• Once deposited in tissue, 

these radionuclides decay 
and emit radiation to spe-
cific cells or an organ. 
Radiation induces dam-
age directly, by causing 
single- and double-strand 
DNA breaks, crosslinks, 
and DNA base damage, 
and indirectly, by the cre-
ation of free radicals. Free 
radicals can form harm-
ful compounds and ini-
tiate chemical reactions 
within a cell, leading to 

mutations, altered func-
tion, or cell death.

• RIT delivers a highly con-
centrated absorbed radia-
tion dose to the targeted 
cells, sparing surround-
ing normal tissue (Yeong, 
Cheng, & Ng, 2014). This 
is particularly helpful 
when conventional radi-
at ion cannot be used 
because of unacceptable 
toxicities to healthy tis-
sue, as with widely dissem-
inated disease or tumors 
located close to sensitive 
organs (Pouget, Lozza, 
Deshayes, Boudousq, & 
Navarro-Teulon, 2015).

• Tumor response is highly 
dependent on the amount 
of tissue being irradiated, 
the radiosensitivity of the 
tissue, the cell prolifer-
ation rate, genetics, and 
the microenvironment of 
the cell (Larson, Carras-
quillo, Cheung, & Press, 
2015; Pouget et al., 2015).

iii. Mechanism of action
• The only RIT agent that 

currently is FDA approved 
and commercially avail-
able is 90Y-ibritumomab 
tiuxetan.

• RIT mAbs target specific 
antigens on the tumor cell, 
and once they are bound, 
radiation is delivered to 
the tumor. The uptake 
of radioactivity by tissues 
differs and is dependent 
on the number and het-
erogeneous expression of 
antigens on the targeted 
cell, as well as immunore-
activity of the conjugated 
mAb. Extensive angiogen-
esis and poor vasculature 
of the tumor may prevent 
delivery of the radionuclide 
(Gill, Falzone, Du, & Vallis, 
2017; Pouget et al., 2015).

• R IT m Abs may a l so 
directly induce apoptosis 
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and synergize with cyto-
toxic effects caused by 
radionuclides; this allows 
for both immunologic and 
radiobiologic cytotoxicity 
and higher antitumor effi-
cacy (Kraeber-Bodéré et 
al., 2015).

• Clinical trials are evalu-
ating the feasibility and 
potential improved effi-
cacy of combining RIT 
with chemotherapy, immu-
notherapy, external beam 
radiation therapy, and 
other therapeutic strate-
gies, including regional 
delivery and hematopoi-
etic stem cell support  
(Jurcic et al., 2016).

c) Indications: Indications for mAbs include 
both solid tumor and hematologic malig-
nancies.

(1) RIT is sometimes used with hemato-
logic malignancies such as leukemia 
and lymphoma, which are very radio-
sensitive tumors. Solid tumors are more 
radioresistant and require 5–10-fold 
radiation doses (Larson et al., 2015; 
Pouget et al., 2015).

(2) Monoclonal antibodies can also be used 
for other nonmalignant conditions not 
discussed in this text. See Table 10-1 
for specific indications.

d) Collaborative management
(1) Administration: Includes both IV and 

SC administration (see Table 10-1).
(a) Although several agents have been 

tested for safety as treatment dur-
ing pregnancy (e.g., bevacizumab, 
rituximab, trastuzumab), most 
were found to have the potential 
for harm during fetal develop-
ment. Therefore, treatment with 
mAbs should be avoided during 
pregnancy (Sarno, Mancari, Azim, 
Colombo, & Peccatori, 2013).

(b) RIT is administered on a specific 
regimen, which may include “pre-
targeting” of the tissues with an 
unconjugated mAb (e.g., ritux-
imab) first, followed by the radio-
labeled isotope. Pretargeting is 
a strategy to decrease toxicity to 
normal tissue while enhancing 

radiation dose to tumor.  This 
is achieved by separating the 
tumor antigen targeting phase 
from the radioisotope delivery 
phase (Patra, Zarschler, Pietzsch, 
Stephan, & Gasser, 2016).

i. 90Y-ibritumomab tiuxetan 
can safely be administered 
in the outpatient setting with 
few discharge instructions 
and minimal risk of radia-
tion exposure to others.

ii. B ec au se  t he  pr i ma r y 
route of elimination of 
90Y-ibritumomab tiuxetan is 
through the kidneys, urine 
and other body fluids should 
be flushed down the toilet 
and any spills cleaned up. 
Linens contaminated with 
body fluids should be washed 
separately. Handwashing 
should be emphasized.

(2) Monitoring
(a) Assessment with complete blood 

count, urinalysis, thyroid func-
tion testing, and pregnancy test-
ing, along with cardiovascular and 
pulmonary assessments, is recom-
mended prior to the start of ther-
apy (Gharwan & Groninger, 2016).

(b) Monitor for acute infusion reac-
tions.

(c) Monitor for acute and long-term 
system-related toxicities, which 
may include cardiac, renal, and 
dermatologic toxicities, as well as 
myelosuppression and thrombo-
embolic events (Gharwan & Gron-
inger, 2016).

e) Toxicities
(1) Common side ef fect s  include 

allergic-type reactions (e.g., hives, 
pruritus) and flu-like symptoms (e.g., 
fatigue, headache, muscle ache, chills, 
fever, nausea, vomiting, diarrhea) 
(Gharwan & Groninger, 2016).

(2) More severe toxicities include pro-
longed cytopenias and cardiotoxicity 
(Gharwan & Groninger, 2016).

(3) With the use of murine (mouse) 
mAbs, the immune system can recog-
nize the mouse antibody as foreign 
and develop antibodies against the 
mAb, called human anti-mouse antibod-
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ies (HAMAs). A HAMA response can 
cause rapid clearance of the therapeu-
tic mAb from the circulation, reducing 
uptake by tumor (DeNardo, Knox, & 
Gamo, 2010).
(a) Considerable variability exists 

in the development of a HAMA 
response among patients. In some 
patients, HAMAs can be detected 
as soon as one week after infusion 
and may persist for months or 
years, precluding additional mAb 
infusions (DeNardo et al., 2010).

(b) Patients with hematologic malig-
nancies are less likely to form 
HAMAs because of the inherent 
immunosuppressive nature of 
hematologic malignancies (Lar-
son et al., 2015).

(c) Symptoms can range from a mild 
rash to a more severe reaction 
including anaphylaxis and may 
occur within two to three weeks 
after the first mAb administra-
tion and within hours or days 
after a repeated administration 
(DeNardo et al., 2010).

(4) Drug-specific toxicities are listed in 
Table 10-1.

f) Education: Patients should use precautions 
to prevent pregnancy during and following 
treatment according to drug-specific recom-
mendations.

g) RIT-specific considerations
(1) Administration

(a) RIT involves a multidisciplinary 
coordinated approach by hematol-
ogy oncologist, nurses, a radiation 
oncologist, physicists and dosime-
trists, pharmacists, and nuclear 
medicine personnel (Iwamoto, 
Haas, & Gosselin, 2012).

(b) Minimize radiation exposure to 
patients and clinicians consistent 
with institutional radiation safety 
practices and patient management 
procedures (Spectrum Pharma-
ceuticals, Inc., 2013). Radiation 
safety precautions will depend on 
the specific isotope used.

(c) For clinicians, safety precau-
tions include standard universal 
precautions with an addition of 
acrylic shielding during admin-
istration.

(2) Monitoring: Monitor for any signs of 
infusion or allergic reaction, such as 
urticaria, respiratory or cardiac abnor-
malities, and any symptoms of extrav-
asation during the infusion.

(3) Education
(a) Patients should be educated on 

specific side effects, safety, and 
self-care measures relative to the 
agent used (Spectrum Pharma-
ceuticals, Inc., 2013).

(b) The abil it y to generate an 
immune response to vaccines after 
90Y-ibritumomab tiuxetan has not 
been established, nor has the safety 
of administration of live vaccines. 
It is recommended that patients 
not receive live vaccines (Spectrum 
Pharmaceuticals, Inc., 2013).

6. Oncolytic viral therapies
a) Pathophysiology: Oncolytic viral immuno-

therapy is a viral targeted therapy that directly 
kills cancer cells by causing tumor death, pro-
ducing tumor-toxic cytokines or antitumor 
host immune responses (see Table 10-1). Two 
types of oncolytic viral immunotherapies are 
nonpathogenic (harmless to humans) and 
pathogenic (requiring genetic modification 
for use) (Prestwich et al., 2008).

b) Mechanism of action
(1) The only FDA-approved agent is talimo-

gene laherparepvec (Imlygic®).
(2) Four mechanisms of action thought to 

exist with oncolytic viral immunother-
apies (Wollmann, Ozduman, & van 
den Pol, 2012)
(a) Viral cell receptor response: Viral 

cell receptor responses target 
viral-specific cell surface recep-
tors that are overexpressed in can-
cer cells.

(b) Cytokine release: Cytokine release 
is seen with double-stranded RNA 
viruses that cause antiviral cellu-
lar activation of cytokines that pro-
mote apoptosis, such as influenza.

(c) Nuclear replication: Nuclear rep-
lication of cancer cells can be dis-
rupted by certain double-stranded 
DNA viruses that have been genet-
ically modified to target tumor 
DNA synthesis.

(d) Extracellular immune response: 
Extracellular immune responses or 
antitumor host immune responses 
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are activated with the introduction 
of specific viruses working synergis-
tically to kill cancer cells.

c) Indications: Oncolytic viral immunothera-
pies, including adenoviruses, herpes simplex 
virus, measles virus, Newcastle disease virus, 
reovirus, vaccinia virus, and vesicular sto-
matitis virus, are being investigated in clini-
cal trials across a wide array of cancer types 
(Eager & Nemunaitis, 2011; Msaouel, Opyr-
chal, Domingo Musibay, & Galanis, 2013). 
However, the only FDA-approved indication 
at the time of this publication is metastatic 
melanoma.

d) Collaborative management
(1) Administration: Intralesional injection 

for metastatic melanoma (see Table 
10-1 for more information)
(a) Safe handling (Hoffner, Iodice, & 

Gasal, 2016)
i. Change needle after each 

injection to avoid infection.
ii. Apply sterile gauze to the site 

for at least 30 seconds after 
injection.

iii. Discard gloves immediately 
after injection, and perform 
hand hygiene. After donning 
a new set of gloves, apply an 
absorbent pad and dry occlu-
sive dressing to the site.

(b) Immunocompromised individuals 
(e.g., caregivers) should not han-
dle, administer, or care for the 
injection site of the drug.

(2) Monitoring: Monitor for injection site 
pain and irritation.

e) Toxicities: Fever, malaise, chills, nausea, vom-
iting, headache, elevated liver enzymes, injec-
tion site pain, autoimmune vitiligo

f) Education
(1) Counsel patients and caregivers on 

using standard precautions when 
changing dressings, including safe 
disposal (placing soiled dressings in 
a sealed bag).

(2) To prevent possible viral infections, 
counsel patients on avoiding young 
children and immunocompromised 
individuals during treatment.

C. General patient and family education
1. Convey to patients and families that immuno-

therapy is not chemotherapy and that it works dif-
ferently within the body (Brahmer et al., 2018).

2. Inform patients and families that immune 
response may continue even after discontinua-
tion of the drug (Brahmer et al., 2018).

3. Instruct patients to inform their provider of any 
new medications or dietary supplements intro-
duced during therapy (Bayer et al., 2017).

4. Educate patients about side effects and poten-
tial toxicities unique to immunotherapies (Bayer 
et al., 2017).

5. Educate patients on when to present to the hos-
pital or emergency department for toxicity man-
agement (Bayer et al., 2017).

6. Encourage patients to carry a card identifying 
the type of immunotherapy they are receiving 
(see Figure 10-3). This can be useful if present-
ing for care in an emergency department, clinic, 
or other primary provider outside the cancer 
care setting (Brahmer et al., 2018).
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CHAPTER 11

Administration Considerations

A. Components of safe and effective administration of 
cancer therapies
1. A comprehensive pretreatment assessment
2. System safeguards to prevent errors and man-

age emergencies
3. Dose calculations and verification processes
4. Evidence-based practices for all routes of che-

motherapy, targeted therapy, and immunother-
apy administration

5. Refer to Chapter 1 for nursing scope and stan-
dards, professional education, policy and pro-
cedure requirements, and an overview of anti-
neoplastic medication safety. Chapter 12 reviews 
safe handling precautions to be followed during 
administration of hazardous drugs (HDs). Chap-
ter 13 discusses infiltration, extravasation, and 
infusion-related complications.

B. Pretreatment
1. A thorough assessment of the patient, patient his-

tory, and cancer treatment plan (including orders 
and treatment notes) with proactive interven-
tions can prevent adverse reactions and errors.
a) The assessment should be performed for all 

routes of chemotherapy, targeted therapy, 
and immunotherapy, including those given 
via the oral route.

b) Assess information specific to the agent (see 
Tables 6-1, 8-1, and 10-1 in earlier chapters) 
and route of administration.

c) Assess for risk factors for potential adverse 
reactions, review laboratory values, identify 
potential interactions with concurrent treat-
ments and medications, and determine if it 
is appropriate to treat the patient.

d) Review all information and identify questions 
and concerns that require discussion or col-
laboration with the patient’s provider.

2. Before the administration of a new treatment 
regimen, review the patient’s medical record 
for the following elements (Neuss et al., 2016):
a) The patient’s cancer diagnosis, stage, and cur-

rent cancer status

b) The cancer treatment plan, including goals 
of therapy, medications, and duration of 
treatment

(1) Goals of therapy include chemopreven-
tion, cure, control, or palliation. Elec-
tronic documentation systems often 
have a location for the prescriber to 
document goals on the cancer treat-
ment plan. Some informed consent 
documents include goals of treatment.

(2) For curative therapy, the duration is 
often a set number of cycles. However, 
for metastatic disease, treatment may 
continue until disease progression 
or toxicity or the decision is made to 
decline or terminate treatment.

c) The planned frequency of office visits and 
patient monitoring appropriate for treat-
ment plan

(1) The National Comprehensive Cancer 
Network® (NCCN®, www.nccn.org) has 
disease-specific guidelines and chemo-
therapy order templates that include 
suggested patient monitoring for can-
cer type and stage (e.g., type and tim-
ing of imaging) and treatment regimen 
(toxicity monitoring).

(2) See Appendix C for an example of a 
chemotherapy order template.

d) Risk factors for adverse reactions (NCCN, 
2018a, 2018b, 2018c, 2018g), such as the fol-
lowing examples:

(1) Patients with rapidly growing cancers, 
such as small cell lung cancer, aggres-
sive forms of lymphoma, and acute 
leukemia, have an increased risk for 
tumor lysis syndrome at the initiation 
of treatment.

(2) Patient populations with an increased 
risk for acute infusion reactions
(a) Patients with B-cell lymphomas 

and leukemia with high circu-
lating blast counts (greater than 

http://www.nccn.org/
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25,000/mm3) or who have bulky 
disease are at increased risk for 
cytokine release infusion reac-
tions with the initiation of treat-
ment with anti-CD20 antibodies, 
such as rituximab (Genentech, 
Inc., 2016).

(b) Patients with BRCA1 or BRCA2 
mutations associated with breast 
or ovarian cancer have been shown 
to have a higher incidence of 
hypersensitivity reactions to carbo-
platin, and reactions may occur at 
a lower cumulative dose (Galvão, 
Phillips, Giavina-Bianchi, & Cas-
tells, 2017; Moon et al., 2013).

(3) Hematologic malignancies or bone 
marrow involvement increases the risk 
for myelosuppression from chemother-
apy (NCCN, 2017b).

e) The patient’s cancer treatment history, which 
could contribute to toxicities for the planned 
therapy. Examples include the following:

(1) Radiation recall, characterized by an 
acute inflammatory reaction confined 
to previously irradiated sites, can be 
triggered by the administration of sys-
temic agents (e.g., doxorubicin) after 
radiation (Burris & Hurtig, 2010). It 
can occur months or even years after 
radiation.

(2) Prior treatment with an anthracycline 
antitumor antibiotic can increase the 
patient’s risk for congestive heart fail-
ure if other potentially cardiotoxic ther-
apies are planned (Smith et al., 2010). 
Review cumulative dose of all drugs in 
this category. See Table 6-1 in Chapter 
6 for cumulative dose information for 
each anthracycline drug and Chapter 
16 for information on cardiotoxicity.

f) The patient’s medical history, including 
comorbidities

(1) Assess for noncancer diagnoses and 
treatments that could potentially 
adversely affect the patient’s cancer 
therapy or outcome.

(2) Comorbidity index scoring systems 
have been developed to capture the 
complexity of comorbidities and assign 
a score (Sarfati et al., 2014; Wass, Hitz, 
Schaffrath, Müller-Tidow, & Müller, 
2016).

(3) Examples of comorbidities that can 
affect cancer therapies

(a) Alcohol and substance abuse is 
associated with numerous medical 
problems, including liver disease, 
pancreatitis, and peripheral neu-
ropathy. Alcohol abuse has been 
found to adversely affect progno-
sis in patients with head and neck 
cancers receiving chemotherapy 
(Mayne, Cartmel, Kirsh, & Good-
win, 2009).

(b) Congestive heart failure may pre-
clude treatment with anthracy-
cline antitumor antibiotics and 
HER2/neu receptor antibodies 
(Smith et al., 2010).

(c) Diabetes: Poor glycemic control in 
patients with cancer has been asso-
ciated with development of adverse 
events such as neutropenia, infec-
tions, and mortality (Hershey & 
Hession, 2017; Peairs et al., 2011).

i. Blood glucose can be more 
difficult to control in patients 
receiving steroids as part of 
their chemotherapy treat-
ment plan, as steroids can 
increase blood glucose (Her-
shey & Hession, 2017).

ii. Pat ients with complica-
tions from diabetes have 
been found to have more 
than twice the risk for 
chemotherapy-related neu-
ropathy compared to patients 
without diabetes (Hershman 
et al., 2016).

(d) Liver disease: Underlying disease 
can alter hepatic drug metab-
olism and cause higher or pro-
longed drug levels with resultant 
increased toxicity and worsening 
hepatic function (Kasi et al., 2015).

i. Patients receiving immuno-
suppressant agents, includ-
ing select chemotherapy, tar-
geted therapy, and immu-
notherapy agents, are at 
increased risk for hepatitis 
B reactivation (Paul et al., 
2016). See Tables 6-1, 8-1, 
and 10-1 and Chapter 18 for 
more information.

ii. All patients should be asked 
if they have a personal history 
of hepatitis B (Hwang et al., 



Chapter 11. Administration Considerations 195

2015; Lok & McMahon, 2009; 
Reddy, Beavers, Hammond, 
Lim, & Falck-Ytter, 2015; 
Weinbaum et al., 2008).

(e) Renal failure: Many chemother-
apy, targeted therapy, and immu-
notherapy agents are excreted pri-
marily by the kidneys. Impaired 
renal function can lead to alter-
ations in pharmacokinetics, ele-
vated blood levels of drugs, and 
increased toxicity (Khoury & 
Steele, 2017). Hemodialysis can 
remove some chemotherapy and 
immunotherapy agents from the 
bloodstream (Kuo & Craft, 2015). 
Collaborate with a nephrologist, 
oncologist, and pharmacist to 
determine if dose adjustments 
are needed and to determine 
appropriate timing to avoid drug 
removal from dialysis.

g) Medication history
(1) Review the patient’s current medica-

tions.
(2) Verify that the patient has been pre-

scribed supportive medications. Verify 
that the patient understands the pur-
pose, dosing, administration instruc-
tions, and schedule of all medications.
(a) Provide the patient with written 

and verbal information, and a 
schedule (as appropriate).

(b) Examples of supportive medica-
tions

i. Antibiotics, antifungals, and 
antiviral agents: NCCN has 
published guidelines for 
infection prophylaxis for var-
ious regimens, based on the 
risk for infection (NCCN, 
2017b).

ii. A nt id ia r rhea l  a gent s : 
Patients receiving cape-
citabine, 5-fluorouracil, iri-
notecan, and other agents 
with an increased risk for 
diarrhea should be pre-
scribed antidiarrheal agents, 
such as loperamide (Shaw & 
Taylor, 2012).

iii. Antiemetics: Several studies 
have indicated that adher-
ence to postchemother-
apy antiemetics, especially 

dexamethasone, is low, with 
resulting increased inci-
dence of nausea and vomit-
ing (Chan, Low, & Yap, 2012). 
Patient education has shown 
to improve adherence and 
decrease the incidence of 
nausea and vomiting (Chan 
et al., 2012; Hendricks, 2015).

(3) Drug interact ions : Identif y any 
medication interactions, including 
over-the-counter medications. Be 
aware of common antineoplastic drug–
drug interactions and food–drug inter-
actions and have access to resources 
for safe nursing practice. Numerous 
online resources, such as Lexicomp®, 
are available to check for interactions. 
Examples of potential interactions are 
detailed below (Segal et al., 2014; van 
Leeuwen et al., 2013).
(a) CYP3A4 inhibitors and induc-

ers: Some anticancer agents are 
metabolized through the cyto-
chrome P450 enzymes in the 
liver, especially CYP3A4. Many 
non-anticancer medications and 
herbs can inhibit or induce this 
enzyme and affect drug levels.

i. CYP3A4 inducers decrease 
the level of the cancer drug, 
making it less effective.

ii. CYP3A4 inhibitors increase 
the concentration of the 
drug and contribute to 
increased toxicities.

iii. Strong CYP3A4 inducers and 
inhibitors should be avoided 
in patients if the anticancer 
agent is metabolized by that 
pathway. When avoidance is 
not possible, some medica-
tions have specific dosing rec-
ommendations that should 
be followed.

iv. A significant interaction can 
occur when chemotherapy or 
immunotherapy agents that 
are CYP3A4 inhibitors are 
used with opioids that are 
also CYP3A4 inhibitors, such 
as fentanyl (Janssen Pharma-
ceuticals, Inc., 2017). Fatal 
overdoses of fentanyl have 
been reported. This also can 
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occur when chemotherapy or 
immunotherapy agents that 
are CYP3A4 inducers are dis-
continued.

(b) QT-prolonging medications: Pro-
longed QT intervals can place 
patients at risk for life-threatening 
ventricular arrhythmias, such as 
torsades de pointes. The risk is 
increased in patients receiving 
more than one QT-prolonging 
agent. The Arizona Center for 
Education and Research on Ther-
apeutics, a federally funded pro-
gram, maintains a list of medica-
tions that can prolong QT inter-
vals at https://crediblemeds.org.

i. Examples of antineoplas-
tic agents that can pro-
long QT intervals include 
arsenic trioxide, eribulin, 
capecitabine, dasatinib, lapa-
tinib, and sunitinib (Kloth et 
al., 2015).

ii. Significant nonantineoplas-
tic medication classifica-
tions that can prolong QT 
intervals are antipsychotics, 
5-HT3 antiemetics, antibiot-
ics, antifungals, and antiar-
rhythmics. Methadone, an 
analgesic frequently used for 
patients with cancer, can also 
prolong QT intervals.

(c) Potentially nephrotoxic med-
icat ions, such as nonsteroi-
dal anti-inf lammatory drugs 
(NSAIDs), can potentiate renal 
toxicity in patients receiving neph-
rotoxic chemotherapy, such as cis-
platin (Sato et al., 2016). Caution 
should be used when administer-
ing NSAIDs to patients with mild 
to moderate renal insufficiency 
who are receiving pemetrexed (Eli 
Lilly and Co., 2017).

h) Immunizations: Before starting therapy, 
assess the patient’s immunization status.

(1) Patients with hematologic and solid 
tumor malignancies should receive 
the inactivated influenza virus annu-
ally (Centers for Disease Control and 
Prevention, 2018; Rubin et al., 2014).

(2) Inactivated vaccines can be admin-
istered safely to people with altered 

immunocompetence (Centers for Dis-
ease Control and Prevention, 2018; 
Rubin et al., 2014).

(3) Except for the inactivated influenza 
vaccine, vaccination during chemo-
therapy or radiation therapy should be 
avoided if possible because antibody 
response might be suboptimal (Cen-
ters for Disease Control and Preven-
tion, 2018; Rubin et al., 2014).

(4) Live vaccines should be avoided (Cen-
ters for Disease Control and Preven-
tion, 2018; Rubin et al., 2014). If the 
patient recently received a live virus, 
contact the provider.

(5) Review vaccination recommendations, 
as they change frequently. Current rec-
ommendations are available from the 
Centers for Disease Control and Pre-
vention and the Infectious Diseases 
Society of America (see Centers for 
Disease Control and Prevention, 2018; 
Rubin et al., 2014).

i) Complementary and alternative therapies: 
Review the use of complementary and alter-
native therapies and assess for any interac-
tions with planned therapy.

(1) Alternative care refers to nontraditional 
treatment intervention used in place of 
conventional medicine. Although there 
is anecdotal evidence addressing the 
benefits, it has not been subjected to 
the type of rigorous testing for safety 
and efficacy for the intended use (U.S. 
National Library of Medicine, 2018).

(2) Complementary health approaches refers  
to a group of diverse medical and  
healthcare systems, practices, and 
products used together with conven-
tional medicine or usual care and are 
not used as alternative or in place of 
conventional medicine (U.S. National 
Library of Medicine, 2018).

(3) Complementary health approaches 
include natural products (herbs 
[botanicals], vitamins, and miner-
als), essential oils (including aroma-
therapy), and mind–body practices 
(e.g., acupuncture, acupressure, chiro-
practic and osteopathic manipulation, 
healing touch, hypnotherapy, massage, 
meditation, movement therapies).

(4) Assess for interactions and poten-
tial adverse reactions of herbs, vita-
mins, minerals, and other supple-

https://crediblemeds.org
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ments. Memorial Sloan Kettering 
Cancer Center has a mobile and 
web application that can be used 
as a guide to herbs called “About 
Herbs” (www.mskcc.org/cancer-care/
d i a g no s i s - t rea t ment/s y mptom 
-management/integrative-medicine/
herbs). Another resource is Natu-
ral Medicines, which can be found at 
http://info.therapeuticresearch.com/
natural-medicines-learn-more.

j) Age-related factors
(1) Note the patient’s age. Assess poten-

tial issues associated with various age 
groups.

(2) Cancer occurs more commonly in 
older adults; 87% of all cancers in the 
United States are diagnosed in people 
50 years of age and older (American 
Cancer Society, 2018).
(a) Challenges regarding adequate 

and safe dosing for older patients 
include inadequate representa-
tion in oncology trials; higher 
risk of treatment-related toxicity 
due to alterations in drug metab-
olism, distribution, and excretion; 
comorbidities; frequent use of con-
current medications; and other 
physiologic effects of the natural 
aging process, such as decreased 
marrow reserves (Lichtman et al., 
2016; Scher & Hurria, 2012; Walko 
& McLeod, 2014). NCCN (2017a) 
has guidelines for treating older 
adults with cancer.

(b) Chronologic age may not correlate 
with physiologic impairment and 
decline in functional reserve, both 
of which vary substantially among 
individuals. Therefore, treatment 
in older adults should focus on the 
extent of comorbidity and func-
tional status rather than chrono-
logic age (Pallis et al., 2010).

(c) Cognitive impairment or decline 
may affect comprehension and 
adherence to therapies and can 
occur at any age. Studies inves-
tigating adherence to oral can-
cer therapies in older adults have 
been conflicting. Some studies 
have indicated decreased adher-
ence, whereas others have found 
no significant difference in adher-

ence rates (Demissie, Silliman, & 
Lash, 2001; Patridge et al., 2010; 
Partridge, Wang, Winer, & Avorn, 
2003; Silliman et al., 2002; see 
Chapter 24).

(d) Polypharmacy, which is more 
common in older adult patients, 
increases the risk for drug inter-
actions (Balducci, Goetz-Parten, 
& Steinman, 2013).

(3) Pediatric oncology: Safe administra-
tion of chemotherapy in pediatric 
patients requires a specialized knowl-
edge set. The Association of Pediatric 
Hematology/Oncology Nurses pro-
vides resources for pediatric oncol-
ogy nurses. For more information, see 
www.aphon.org.

k) Physical examination
(1) A complete physical examination 

should be documented in the patient’s 
medical record.

(2) Review prior to the initiation of a new 
therapy.

(3) Note any abnormalities and use as a 
comparison for future assessments.

l) Pregnancy status: As appropriate, assess the 
patient’s pregnancy status.

(1) Pregnancy testing is recommended 
prior to treatment; however, few for-
mal guidelines exist regarding preg-
nancy screening protocols, and there 
is a lack of consensus regarding the fre-
quency of testing (Neuss et al., 2016).
(a) Inclusion criteria for testing prior 

to chemotherapy are most often 
cited in the literature as “women 
of childbearing age.”

(b) Exclusion criteria for testing 
should take into consideration 
the patient’s age, prior tubal liga-
tion or hysterectomy, and labora-
tory tests confirming menopause.

(c) Use of prechemotherapy check-
lists and orders for point-of-care 
pregnancy tests has been found 
to improve screening rates (Rog-
ers, Kolarich, & Markham, 2017).

(2) If the patient is pregnant: Consensus 
guidelines for cancer chemotherapy 
during pregnancy have been developed 
(Koren et al., 2013; Lishner et al., 2016).
(a) The patient should be managed by 

an interprofessional team, includ-
ing the oncologist, the maternal 

https://www.mskcc.org/cancer-care/diagnosis-treatment/symptom-management/integrative-medicine/herbs
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http://info.therapeuticresearch.com/natural-medicines-learn-more
http://info.therapeuticresearch.com/natural-medicines-learn-more
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198

fetal medicine team, and psycho-
logical, social, and spiritual sup-
port team members, as indicated 
or requested (Koren et al., 2013; 
Lishner et al., 2016).

(b) Risk to the fetus is dependent 
on the gestational age and the 
planned agents to be adminis-
tered (Koren et al., 2013; Lishner 
et al., 2016; National Toxicology 
Program, 2013).

(c) Chemotherapy during the first 
trimester may increase the risk 
of spontaneous abortions, fetal 
death, and major congenital mal-
formation (Koren et al., 2013; Lish-
ner et al., 2016; National Toxicol-
ogy Program, 2013).

(d) Effects depend on the drug, dose, 
time of administration, and cumu-
lative exposure (Koren et al., 2013; 
Lishner et al., 2016; National Tox-
icology Program, 2013).

(e) Administration of chemotherapy 
during the second and third tri-
mesters has not been associated 
with major congenital malforma-
tions but may increase the risk 
for intrauterine growth retarda-
tion, low birth weight, and still-
birth (Koren et al., 2013; Lishner 
et al., 2016; National Toxicology 
Program, 2013).

m) Allergies and history of infusion reactions 
(see Chapter 13)

(1) Patients with multiple allergies have an 
increased risk for anaphylaxis (Simons, 
2008).

(2) Review any past infusion reactions (e.g., 
hypersensitivity, cytokine release syn-
drome) for the grade of the reaction, 
symptoms, onset, course of progression, 
interventions, patient response, and 
time to resolution of symptoms. A thor-
ough history of previous reactions is one 
of the most important risk assessment 
tools when administering chemother-
apy or immunotherapy (Vogel, 2010).
(a) Documentation tools and grad-

ing systems should be integrated 
into electronic health records to 
better identify patients who have 
had reactions (Andrews, 2017). 
See Chapter 13 for grading crite-
ria for infusion reactions.

(b) For many agents, the grade of the 
previous reaction is used to order 
future premedications, infusion 
rates, and infusion volumes. Pre-
vious reactions also may require 
a change in location of treatment 
(inpatient versus outpatient) and 
increased nurse-to-patient ratio, 
depending on the severity of the 
reaction.

(3) Verify that emergency equipment and 
supplies, including oxygen, are avail-
able and functional and that staff are 
aware of their location. Chemotherapy 
chairs should be capable of changing 
to the supine position if needed.

n) Initial psychosocial assessment
(1) Use a standardized tool, such as a dis-

tress screening tool, to assess psycho-
social concerns (Neuss et al., 2016; Pirl 
et al., n.d.).

(2) The American College of Surgeons 
Commission on Cancer (Ferris & 
Takanishi, 2014) implemented man-
datory distress screening as criteria for 
accreditation.

(3) Distress has been defined as “a multi-
factorial unpleasant experience of a 
psychological (i.e., cognitive, behav-
ioral, emotional), social, spiritual, and/
or physical nature that may interfere 
with the ability to cope effectively with 
cancer, its physical symptoms, and its 
treatment” (NCCN, 2018e, p. DIS-2).

(4) It “extends along a continuum, ranging 
from common normal feelings of vul-
nerability, sadness, and fears to prob-
lems that can become disabling, such 
as depression, anxiety, panic, social iso-
lation, and existential and spiritual cri-
sis” (NCCN, 2018e, p. DIS-2).

(5) The NCCN Distress Thermometer is a 
tool used to screen for distress (NCCN, 
2018e; see Appendix F).
(a) The patient is asked to rate dis-

tress on a 0–10 scale, with 0 rep-
resenting no distress and 10 rep-
resenting extreme distress. If the 
score exceeds the distress thresh-
old, a clinician trained in distress 
screening should evaluate the 
cause of distress and ensure that 
a referral to a clinician qualified 
to address distress is completed 
(NCCN, 2018e).
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(b) Ideally, screening should occur at 
every medical visit. At minimum, 
distress screening should occur 
at the initial visit, at appropriate 
intervals, and as clinically indi-
cated (e.g., changes in disease sta-
tus, such as recurrence and pro-
gression).

(c) For additional information regard-
ing distress management, see 
NCCN (2018e).

(6) Regardless of the tool used for distress 
screening, assess the following:
(a) Family structure and dynamics, 

living conditions, and caregivers
(b) Transportation, f inancial, or 

insurance issues. Patients receiv-
ing sedating premedications or 
opioids will need transportation 
to and from treatment.

(c) Religious beliefs or spiritual con-
cerns that may affect dietary and 
other requirements and restrictions

o) Patient and caregiver comprehension of the 
disease and planned treatment (see Chap-
ter 3)

(1) Use teach-back strategies to assess com-
prehension (Agency for Healthcare 
Research and Quality, 2015; Portz & 
Johnston, 2014).

(2) Teach-back refers to a method to assess 
understanding by asking patients to 
state in their own words the informa-
tion they have been taught.

(3) Using teach-back strategies for assess-
ing comprehension in patients receiv-
ing oral chemotherapy has been found 
to improve patient adherence to treat-
ment (Bellomo, 2016).

p) Informed consent: Verify that the informed 
consent document has been completed and 
is accurate and current (see Chapter 2).

3. At each clinical encounter related to treatment 
(e.g., office visit prior to treatment, hospitaliza-
tion for inpatient treatment, infusion visit), assess 
the following (Neuss et al., 2016):
a) Performance status: Performance status is a 

measure of the patient’s functional capacity, 
including the ability to perform activities of 
daily living (Neuss et al., 2016).

(1) Performance status is used as a predic-
tor of patient tolerance and response 
to treatment (Jang et al., 2014).

(2) Different tools used to assess perfor-
mance status include the Eastern Coop-

erative Oncology Group scale and the 
Karnofsky Performance Status Scale 
(see Chapter 4).

(3) The literature reports conflicting 
data regarding the reliability of per-
formance status measurements, with 
variable levels of interrater reliability 
(Chow et al., 2016).

(4) The American Society of Clini-
cal Oncology (ASCO) recommends 
against the use of chemotherapy in 
patients with solid tumors who have 
an Eastern Cooperative Oncology 
Group performance score of 3 or above, 
demonstrated no benefit from prior 
evidence-based interventions, are not 
eligible for a clinical trial, and have no 
strong evidence supporting the clinical 
value of further anticancer treatment 
(Schnipper et al., 2013).

b) Vital signs: Monitor vital signs before each 
treatment.

(1) Assess for abnormal vital signs (e.g., 
increased temperature, which could 
indicate an infection) and adverse 
reactions to previous doses (e.g., bev-
acizumab can cause hypertension).

(2) Use as a baseline for agents with a poten-
tial for infusion reactions.

c) Height and weight: Monitor the patient’s 
height and weight at least weekly when the 
patient is present in the healthcare setting 
(Neuss et al., 2016). The following are rec-
ommended by the Institute for Safe Medica-
tion Practices [ISMP], 2018):

(1) Accurate, measured height and weight 
are imperative for correct dosing of 
weight-based drugs.

(2) One of the most commonly reported 
medication errors related to dose is 
inaccurate height and weight.

(3) Avoid the use of stated or estimated 
height or weight or a weight from a pre-
vious encounter.

(4) Measure and document the patient’s 
weight in metric units.

(5) Place a conversion chart near all scales so 
that patients and caregivers can be told 
the weight in pounds, when requested.

(6) If purchasing scales, buy scales that 
measure in kilograms or can be locked 
out to measure in metric units only.

(7) Computer screens and IV infusion 
pumps should prompt patient weight 
in metric units only.
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d) Physical examination: Perform an assessment 
prior to each treatment.

(1) Assessment should include but not be 
limited to orientation, level of conscious-
ness, signs of infection, nutritional sta-
tus, indicators of pain, toxicities from 
previous doses, and any change that may 
preclude the patient from treatment 
(e.g., new onset of tachycardia, arrhyth-
mia, shortness of breath, syncope).

(2) Perform a focused assessment based on 
the potential adverse reactions of the 
agents to be administered.

(3) For patients with vascular access devices, 
assess patency, including a blood return, 
and for signs of complications.

(4) Notify the provider for any signs of 
infection. 
(a) The treatment plan and assess-

ment findings are considered in 
the decision to hold or continue 
therapy.

(b) For example, the provider may 
elect to proceed with treatment in a 
patient with an uncomplicated uri-
nary tract infection who is receiv-
ing a nonmyelosuppressive agent.

e) Symptom assessment: Assess patient symp-
toms using an evidence-based patient report-
ing tool.

(1) Patient-reported outcomes are rec-
ommended as the preferred method 
to screen for symptoms because 
of underdetection of symptoms by 
healthcare providers (Pirschel, 2017). 
Patient-reported outcomes are defined as 
any report of a patient’s health con-
dition that comes directly from the 
patient without interpretation by the 
clinician (Pirschel, 2017).

(2) The Oncolog y Nursing Society 
(ONS) has established criteria for 
patient-reported outcome assessment 
tools and lists instruments that meet 
these criteria on its website (www.ons 
.org/assessment-tools).

f) Toxicity grading: Grade any toxicities found 
during the physical examination and symp-
tom assessment (Neuss et al., 2016).

(1) Grading is used to standardize com-
munication among healthcare provid-
ers. Toxicity grades can be included 
as parameters to withhold, delay, or 
dose reduce treatment. They are also 
included as part of clinical trials.

(2) The National Cancer Institute Can-
cer Therapy Evaluation Program’s 
Common Terminology Criteria for 
Adverse Events tool is available online 
at https://ctep.cancer.gov/protocol 
Development/electronic_applications/ 
ctc.htm.

g) Laboratory values: Review laboratory values 
prior to each treatment.

(1) Laboratory tests ordered are specific 
for the agent, regimen, and the indi-
vidual patient. They may be ordered 
to calculate doses (e.g., serum creati-
nine for carboplatin), assess for toxici-
ties from prior treatments (e.g., myelo-
suppression), and ensure that the agent 
will be adequately metabolized and 
excreted (e.g., doxorubicin and total 
bilirubin).

(2) Determine if the values meet prede-
termined parameters, which can be 
included on the treatment orders 
(ISMP, 2010) or listed in a policy or 
procedure. Parameters to hold the 
agent or reduce the dose are depend 
on the goals of therapy, the regimen, 
and the patient.

(3) Examples of laboratory tests that may 
be ordered
(a) Complete blood count and differ-

ential: Evaluate the absolute neu-
trophil count and platelet count 
to determine if the dose should 
be delayed or reduced.

i. Parameters for holding ther-
apy should be defined by 
the practice or prescriber. 
This can be done based on 
the individual patient via a 
specific provider order or 
a regimen guideline that 
is approved for a specific 
diagnosis. For example, in 
patients with solid tumors, a 
parameter to hold treatment 
or clarify with the prescriber 
might be an absolute neutro-
phil count of less than 1,500/
mm3 and platelet count less 
than 100,000/mm3.

ii. The red blood cell count, 
hemoglobin, and hemato-
crit should be evaluated to 
determine if the patient is 
anemic; however, anemia is 

http://www.ons.org/assessment-tools
http://www.ons.org/assessment-tools
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
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often not an indication to 
hold chemotherapy.

(b) Serum creatinine and creatinine 
clearance

i. Serum creatinine and cre-
atinine clearance are used 
to calculate doses of carbo-
platin.

ii. Many agents such as carbopl-
atin, cisplatin, cyclophospha-
mide, and pemetrexed are 
excreted in the urine (Per-
azella, 2012). These agents 
require dose reduction for 
impaired renal function 
because renal impairment 
can cause delayed excretion 
and increased toxicities.

iii. Renal function is also mon-
itored to assess for nephro-
toxicity from agents such as 
cisplatin, high-dose meth-
otrexate, and mitomycin C 
(Perazella, 2012).

iv. Immune checkpoint inhib-
itors can cause renal dam-
age, including tubulointer-
stitial nephritis and immune 
complex glomerulonephritis 
(Izzedine et al., 2017).

(c) Total bilirubin and liver func-
tion tests

i. Many agents are metabolized 
and cleared from the body 
by the liver; therefore, dose 
reductions may be needed 
for patients with impaired 
hepatic function (Kistler, 
2013).

ii. Some chemotherapy and 
immunotherapy agent s 
can also cause hepatoxicity 
(Grigorian & O’Brien, 2014).

(d) Electrolytes, including calcium, 
magnesium, and potassium: 
Nephrotoxic agents such as cis-
platin can cause electrolyte wast-
ing (Anand & Nikhil, 2015). The 
most common individual abnor-
mality reported with cisplatin is 
hypomagnesemia, with incidences 
reported as high as 91.8% of 
patients (Anand & Nikhil, 2015).

(e) Hepatitis B core antibody and sur-
face antigen testing: Hepatitis B 

reactivation can occur in immu-
nocompromised patients, includ-
ing those receiving chemotherapy, 
targeted therapy, and immuno-
therapy agents (Paul et al., 2016). 
Numerous guidelines exist regard-
ing who should be tested and the 
type of testing that should be done 
(Hwang et al., 2015; Lok & McMa-
hon, 2009; Reddy et al., 2015; 
Rubin et al., 2014; Weinbaum et 
al., 2008).

i. The Centers for Disease Con-
trol and Prevention recom-
mends prechemotherapy 
hepatitis B screening for all 
patients receiving cytotoxic 
or immunosuppressive ther-
apy (Weinbaum et al., 2008).

ii. ASCO recommends screen-
ing only for individuals at 
high risk for hepatitis B infec-
tion (e.g., patient or parents 
born in a high-prevalence 
region, injection drug user, 
household or sexual contact 
with a person who is hepatitis 
B surface antigen–positive), 
those who have planned 
treatment with a hemato-
poietic stem cell transplan-
tation, or those going to 
receive treatment with an 
anti-CD20 antibody (Hwang 
et al., 2015).

iii. All guidelines recommend 
testing in patients receiving 
anti-CD20 antibodies, such 
as rituximab (Hwang et al., 
2015; Lok & McMahon, 2009; 
Reddy et al., 2015; Weinbaum 
et al., 2008).

(f) Thyroid function tests: Immune 
checkpoint inhibitors, such as 
nivolumab, ipilimumab, and pem-
brolizumab, can cause endocri-
nopathies, such as hypothyroid-
ism (Rossi et al., 2016). Monitor 
thyroid function tests through-
out treatment with immunother-
apy drugs that may be associated 
with endocrine disorders.

h) Diagnostic tests: Review results of diagnostic 
tests pertinent to the specific agent.

(1) Cardiac testing
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(a) Echocardiogram
i. Patients receiving anthracy-

cline antitumor antibiotics 
(e.g., doxorubicin) should 
have a baseline echocardio-
gram to evaluate left ven-
tricular ejection fraction 
(Plana et al., 2014). Recom-
mendations to repeat echo-
cardiograms are dependent 
on the agent and cumulative  
dose.

ii. Product labeling for trastu-
zumab recommends the fol-
lowing in the adjuvant set-
ting: echocardiogram at 
baseline, every three months 
during treatment, and every 
six months for two years fol-
lowing the completion of 
treatment (Genentech, Inc., 
2017a). If trastuzumab is held 
because of a decrease in left 
ventricular ejection fraction, 
patients should have repeat 
monitoring four weeks after 
discontinuation (Genen-
tech, Inc., 2017a).

(b) Electrocardiogram: A baseline 
electrocardiogram should be 
done before initiating agents 
with a potential to prolong QT 
intervals to monitor for poten-
tial life-threatening arrhythmias 
(Hartkopf Smith, 2012). The fre-
quency of follow-up electrocar-
diograms varies with the agent. 
The corrected QT, known as QTc, 
takes into account the patient’s 
heart rate.

(2) Pulmonary testing
(a) Pulmonary function tests may be 

ordered prior to initiating bleo-
mycin and at intervals throughout 
treatment; however, effectiveness 
in detecting changes from bleomy-
cin is controversial (Roncolato et 
al., 2016). Spirometry and diffus-
ing capacity for carbon monoxide 
are typically ordered.

(b) Some recommendations advocate 
chest x-rays or computed tomogra-
phy scans at intervals throughout 
bleomycin treatment (Khan, Nag-
arajaiah, & Irion, 2016).

i) Psychosocial concerns: Assess psychosocial 
concerns at each visit.

(1) NCCN recommends completion of dis-
tress screening at every medical visit, 
including chemotherapy and immu-
notherapy treatments (NCCN, 2018e; 
see Appendix F). At a minimum, 
NCCN recommends distress screen-
ing at the initial visit and at appro-
priate intervals, including with any 
change in disease status, progression, 
or treatment-related complications.

(2) ASCO/ONS Chemotherapy Adminis-
tration Safety Standards recommend 
psychosocial assessment with each 
cycle and more frequently as indicated 
(Neuss et al., 2016).

j) Allergies and previous treatment-related 
reactions: Review and update at each visit 
(see B.2.m).

k) Review and update medication list at each 
visit (see B.2.g).

C. Chemotherapy, targeted therapy, and immunother-
apy dosing
1. The dose calculation should include the calcula-

tion methodology, variables used to calculate the 
dose, frequency at which the variables are reeval-
uated, and changes in the values that prompt con-
firmation of dosing (Neuss et al., 2016).

2. Different methods of dosing may be used to cal-
culate doses, depending on the agent and reg-
imen ordered.
a) Fixed dosing (flat dosing): Dosing not based 

on the patient’s height and/or weight. Many 
oral agents are prescribed as fixed doses. 
Be aware of agents that may be ordered as 
fixed doses or based on body surface area 
(BSA)—for example, bleomycin flat dose of 
30 units or BSA dose of 10 units/m2. Confirm 
with a reference if the agents in the regimen 
include fixed doses or doses based on BSA 
or weight alone.

b) Weight-based dosing: Dosing is expressed as 
dose of drug per unit of body weight (e.g., 
mg/kg).

c) BSA dosing: Most chemotherapy agents are 
dosed using the patient’s BSA (m2).

(1) The BSA is a function of height and 
weight and can be calculated using 
a variety of formulas, including the 
Du Bois and Du Bois formula and the 
Mosteller formula (see Figure 11-1).

(2) The calculated BSA is then multiplied 
by the dose in mg/m2, mcg/m2, or g/
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m2 to determine the total dose of the 
agent to be administered.

(3) The underlying assumption for dosing 
based on BSA is that BSA is a more reli-
able indicator than using weight alone 
for predicting pharmacokinetics. How-
ever, BSA dosing does not take into 
account factors such as gender and age.

(4) In most situations, there is no signifi-
cant difference between doses calcu-
lated using different BSA formulas 
(Faisal, Tang, Tiley, & Kukard, 2016). 
However, different formulas may pro-
duce different results for patients who 
have extremes of height and weight 
(Faisal et al., 2016; Fancher, Sacco, 
Gwin, Gormley, & Mitchell, 2016).

(5) The Mosteller equation has the advan-
tage of being easily performed using 
any calculator with a square root func-
tion.

d) Carboplatin and area under the plasma con-
centration versus time curve (AUC) dosing: 
Carboplatin is dosed using AUC-based dos-
ing, which refers to the amount of drug expo-
sure over time or the total drug concentra-
tion in plasma over a period of time.

(1) AUC dosing takes into account age, gen-
der, weight, and renal function.

(2) Carboplatin drug clearance is strongly 
correlated with renal function.

(3) Carboplatin doses are determined by 
first calculating the creatinine clear-
ance and then calculating the total 
dose of carboplatin by using the Calvert 

formula (see Figure 11-2). The AUC is 
prescribed in the treatment plan and 
usually ranges from 2 (low dose) to 6 
(higher dose).
(a) To calculate the patient’s creati-

nine clearance: An estimated cre-
atinine clearance is most often 
used, rather than an actual glo-
merular filtration rate (24-hour 
urine for creatinine clearance).

(b) A variety of formulas are used to 
calculate creatinine clearance, 
with the Cockcroft-Gault being the 
most common in the United States. 
Different formulas can yield dif-
ferent results (Nagao et al., 2005).

(c) To calculate creatinine clearance 
using the Cockcroft-Gault for-
mula, obtain the patient’s age, 
gender, weight in kilograms, and 
a recent serum creatinine (see Fig-
ure 11-3). The formula may not be 
accurate in patients with rapidly 
changing serum creatinine lev-
els (Gaguski & Karcheski, 2011).

Figure 11-1. Calculating Chemotherapy Dose Using Body Surface Area

Formulas to calculate estimated body surface area (BSA)
 • Du Bois and Du Bois: BSA (m2) = Weight (kg)0.425 × Height (cm)0.725 × 0.007184
 • Mosteller (metric): BSA (m2) =   ((Height (cm) × Weight (kg))/3,600)

To calculate the total dose of chemotherapy or immunotherapy
Calculated BSA (m2) × dose in mcg/m2, mg/m2, or g/m2 = total dose of chemotherapy

Example
The patient is 157.48 cm tall and weighs 60 kg. She is scheduled to receive paclitaxel 80 mg/m2 IV.
 • Using the Mosteller formula, calculate the BSA.

 – Multiply height and weight using metric units.
157.48 cm × 60 kg = 9,448.8

 – Divide the total by 3,600.
9,448.8 / 3,600 = 2.6246

 – Using a calculator, determine the square root.
Square root = 1.62 m2

 • Calculate the total dose by multiplying the body surface by the dose ordered in mg/m2.
1.62 m2 × 80 mg/m2 = 129.6 mg

Note. Based on information from Du Bois & Du Bois, 1916; Mosteller, 1987.

Figure 11-2. Calculating Carboplatin Dose Using the 
Calvert Formula

Dose of carboplatin (mg) = (target AUC) × (GFR + 25)
Total dose calculated is in mg, not mg/m2.

AUC—area under the plasma concentration versus time curve; GFR—
glomerular filtration rate
Note. Based on information from Calvert et al., 1989.
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(d) The National Cancer Institute Can-
cer Therapy Evaluation Program 
(2010) recommends capping esti-
mated serum creatinine clearance 
at 125 ml/min to prevent overdos-
ing and dose capping carboplatin 
based on AUC (see Figure 11-4).

(e) If variance exists between the pre-
scribed dose and the recalculated 
dose, clarify with the prescriber 
whether the actual, adjusted, or 
ideal weight was used when cal-
culating creatinine clearance and 
whether an adjusted serum creat-
inine was used.

(f) The Gynecologic Oncology Group 
(2011) has established additional 
criteria to standardize carbopla-
tin calculations; these criteria are 
included in the calculator (avail-
able to Gynecologic Oncology 
Group members) on its website.

e) Pharmacogenomics and chemotherapy dos-
ing

(1) Pharmacogenomics combines the sci-
ence of how drugs work (pharmacol-
ogy) and the science of the human 
genome (genomics) to determine drug 
selection and drug doses (Weiss, 2008).

(2) I r inotecan i s  an exa mple of 
pharmacogenomic-based dosing. Some 
individuals with a genetic variant in 
UGT1A1 might not be able to eliminate 
irinotecan from their bodies as rapidly 
as others, leading to severe diarrhea 
and severe neutropenia (Pfizer Inc., 
2016). Patients with this variant may 
need to receive lower doses of the drug.

3. Dosing and obesity
a) Controversy has existed regarding dosing for 

obese patients. Concerns voiced were fears 
of toxicity versus compromising disease-free 
survival in the curative setting. ASCO (Griggs 
et al., 2012) has developed formalized guide-
lines to address this issue.

b) Actual weight (full weight–based doses) is 
recommended when calculating doses for 
obese and morbidly obese patients with can-
cer, especially when the goal of treatment 
is cure (Griggs et al., 2012). An adult with 
a body mass index (BMI) of 30 kg/m2 or 
greater is considered obese; an adult with a 
BMI greater than 40 kg/m2 (or greater than 
35 kg/m2 with comorbid conditions) is con-
sidered morbidly obese (Griggs et al., 2012).

c) Furlanetto et al. (2016) found a higher rate 
of severe toxicities in obese patients receiv-
ing dose-dense chemotherapy according to 
unadjusted BSA. The investigators found no 
difference in disease-free survival between 
the obese and nonobese groups in this ran-
domized controlled trial. The authors con-
cluded that a dose adjustment should be per-
formed in obese patients to prevent serious 
complications.

4. Dosing and underweight patients
a) No formal guidelines exist addressing dosing 

of underweight patients, those with low BMI, 
or those with sarcopenia (low skeletal mass).

b) In a study examining prescribing practices, 
Anglada-Martínez et al. (2014) found that 

Figure 11-3. Calculating Glomerular Filtration Rate 
Using the Cockcroft-Gault Formula

Males
estCrCl (ml/min) =  (140 – age) × (weight in kg) 

72 × serum creatinine (mg/dl)

Females
estCrCl (ml/min) = (140 – age) × (weight in kg) × (0.85)

72 × serum creatinine (mg/dl)

estCrCl—estimated creatinine clearance
Note. Based on information from Cockcroft & Gault, 1976.

Figure 11-4. Calculating Carboplatin Dose Capping Using Estimated Creatinine Clearance

Dose of carboplatin (mg) = (target AUC) × (estCrCl + 25)

estCrCl capped at 125 ml/min

Maximum doses for sample target AUCs
 • Target AUC 6: Maximum carboplatin dose = 6 × (125 + 25) = 900 mg
 • Target AUC 5: Maximum carboplatin dose = 5 × (125 + 25) = 750 mg
 • Target AUC 4: Maximum carboplatin dose = 4 × (125 + 25) = 600 mg

AUC—area under the plasma concentration versus time curve; estCrCl—estimated creatinine clearance
Note. Based on information from Calvert et al., 1989; Smart, 2011.
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almost 100% of respondents used actual body 
weight when calculating doses for cachec-
tic patients.

5. Dose rounding
a) Be aware of dose rounding policies and prac-

tices when calculating and verifying doses.
b) Institutional dose rounding policies often 

allow dose rounding at 5% or 10% of the 
prescribed therapy. Policies may also differ-
entiate between chemotherapy and immu-
notherapy doses, the intent of therapy (e.g., 
cure vs. palliation), and whether doses can be 
rounded up, down, or both. Some institutions 
may not dose round for pediatric patients. 
Clinical trials may specify the accepted per-
centage for dose rounding.

c) Hematology/Oncology Pharmacy Associa-
tion (2017) recommendations

(1) Monoclonal antibodies, other immu-
notherapies, and traditional cyto-
toxic chemotherapy: Dose round to 
the nearest vial size within 10% of the 
prescribed dose.

(2) Monoclonal antibodies with conju-
gated (attached) cytotoxic agents: 
Apply dose rounding to the cytotoxic 
component of the agent. It can be 
rounded to the nearest vial size within 
10% of the prescribed dose.

(3) Oral chemotherapy: Use one dose 
strength and round the final dose, when 
possible, to simplify dosing for patients.

(4) Dose rounding can be used for both 
curative and palliative therapy as long 
as the rounding does not influence clin-
ical safety or effectiveness.

D. Verification
1. The healthcare setting should have established 

processes for verification and clearly defined 
steps to take when discrepancies arise (Neuss et 
al., 2016). Verification refers to determining the 
accuracy of the prescribed therapy, prepared 
medication, patient identification, and pump 
settings, if applicable.

2. Verification should occur prior to administra-
tion for all routes of chemotherapy, targeted 
therapy, and immunotherapy, including the 
oral route.
a) Independent dual verification (i.e., indepen-

dent double-checks) is a process in which a 
second person conducts an independent veri-
fication of the accuracy of the prescribed ther-
apy, without telling his or her findings to the 
other verifier until both have completed the 

process (ISMP Canada, 2005). Checklists may 
help promote a consistent process (White et 
al., 2010; see Appendix D for an example).

b) Verify the accuracy of the following informa-
tion on the treatment plan.

(1) Verify a minimum of two patient iden-
tifiers per institutional policy, such 
as name, date of birth, and medical 
record number. Do not use room or 
chair numbers as patient identifiers 
(Neuss et al., 2016).

(2) Compare the treatment plan (orders) 
with a reference for doses, routes, and 
schedule. For example, a treatment 
plan (orders) for dose-dense doxo-
rubicin and cyclophosphamide that 
includes orders for doxorubicin 60 
mg/m2 IV and cyclophosphamide 600 
mg/m2 IV every two weeks for a total 
of four cycles is compared with a refer-
ence, which confirms the doses, routes, 
and schedule. Never verify accuracy by 
comparing to previous patient doses, as 
they may have been changed because 
of patient toxicities or other factors.

(3) Confirm the accuracy of the treatment 
plan cycle and day number.
(a) Compare the date on patient 

orders, the date of planned ther-
apy, and previously administered 
doses (e.g., the patient is sched-
uled for cycle 12 of weekly pacli-
taxel, but the nurse notes from 
the medical record that patient 
has received 10 doses).

(b) Confirm that the appropriate 
interval has occurred between 
treatments (e.g., seven days).

(4) Compare the height and weight on the 
treatment plan with current, measured 
height and weight. Use only metric units 
of measurement (ISMP, 2018).

(5) For BSA-dosed medications: Recalcu-
late the BSA based on the current, mea-
sured height and weight (see Figure 
11-1). Compare the recalculated BSA 
with the BSA on the treatment plan. 
Recalculate the total dose and com-
pare with the prescribed dose.

(6) For carboplatin: Recalculate the 
patient’s creatinine clearance. Using 
the Calvert formula, recalculate the 
total dose (see Figure 11-2). Compare 
the recalculated dose with the pre-
scribed dose.
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(7) For weight-based medications: Recal-
culate the total dose.

(8) For fixed-dose medications: Compare 
the prescribed dose with a reference.

(9) Verify the route of administration, 
sequence of administration, and the 
duration of infusion, if applicable. 
The sequence in which chemother-
apy and immunotherapy are given may 
affect the pharmacokinetics and phar-
macodynamics of the agents (Modlin 
& Mancini, 2011). However, it is not 
always known if a specific sequence of 
treatment results in better outcomes. 
Modlin and Mancini (2011) developed 
tables to guide staff who administer 
therapy where evidence for sequenc-
ing exists.

(10) Verify the compatibility of any IV solu-
tions and medications used during 
administration.

(11) Confirm that supportive care treat-
ments are ordered and are appropri-
ate to the regimen (e.g., premedica-
tions, hydration, growth factors, res-
cue agents, medications to manage 
infusion reactions).

(12) Clarify any discrepancies with the pre-
scriber before initiating treatment. 
Common reasons for discrepancies 
include inaccurate height and weight 
and use of different formulas for cal-
culating BSA or creatinine clearance.

3. Check the prepared medication.
a) Compare the medication and label with the 

treatment plan (orders) and verify the fol-
lowing:

(1) Patient name, date of birth, and any 
other identifier as established in insti-
tutional policy

(2) Medication name and total dose
(3) Diluent type and total volume (as 

appropriate)
(4) Expiration date and time

b) Appearance and physical integrity of the 
medication and medication container (e.g., 
clarity, leaking)

c) Any special labeling (e.g., hazardous med-
ication, for intravenous use only, protect 
from light)

4. Verification of the patient, medication, and 
pump programming at the bedside (or chair-
side): Immediately prior to administration, the 
following should be verified by two practitioners 
approved by the healthcare setting:

a) Patient’s stated name and date of birth and 
any other established patient identifiers with 
the patient’s wristband (sticker or other 
method of patient identification), the medi-
cation label, and the treatment plan (orders)

b) Compare the medication name, dose, route, 
and schedule on the label with the treatment 
plan (orders).

5. Include the patient as part of the verification 
process.
a) Patient involvement: Involve patients and fam-

ilies in the medication verification process by 
providing them with the medication names, 
schedule, potential adverse reactions, and 
indications for when to notify their health-
care provider.

b) Encourage patients to alert their nurse to 
clarify any possible discrepancies (e.g., “I 
thought today was my last chemotherapy, 
not next week,” “Is it OK for me to get my 
5-fluorouracil if I’ve been having diarrhea  
six to eight times a day?”) (Agency for Health-
care Research and Quality, 2018; Hartkopf 
Smith, 2009a; Schwappach, Hochreutener, 
& Wernli, 2010).

c) Research indicates that involving patients in 
their care can lead to measurable improve-
ments in safety (Maurer, Dardess, Carman, 
Frazier, & Smeeding, 2012).

d) Scan patients’ wristbands and medications, 
if this technology is available. Studies have 
indicated that scanning decreases the risk of 
medication errors (Bonkowski et al., 2013; 
Seibert, Maddox, Flynn, & Williams, 2014).

e) Verify any infusion pump programming with 
the treatment plan (orders) and reference 
(Neuss et al., 2016).

6. Continuous infusions in the inpatient settings: If 
an infusion was initiated by another nurse, the 
nurse assuming the care of the patient should 
verify the drug, dose, date, patient, and pump 
settings for infusion during shift handoff to pre-
vent possible propagation of a previous error.

7. When chemotherapy is administered in the home 
by a healthcare provider, verify the drug, dose, 
date, patient, and pump settings for infusion. 
A second identifier, such as a driver’s license, 
should be used to confirm the patient’s identity 
(Neuss et al., 2016).

E. Routes of chemotherapy, immunotherapy, and tar-
geted therapy administration
1. Oral route

a) Oral cancer treatments have experienced a 
rapid increase over the past 10 years, with 
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new cytotoxic agents, small molecule inhib-
itors, and other targeted therapies. The oral 
route presents unique challenges for oncology 
nurses and patients as treatment shifts from 
clinician-administered therapy in a health-
care setting to self-administration.

b) Pretreatment assessment (in addition to the 
general pretreatment assessment) (Neuss et 
al., 2016; ONS, 2016)

(1) Financial/insurance coverage for the 
medication and available pharmaceu-
tical company assistance programs

(2) Method and/or location the patient will 
obtain the medication (e.g., specialty 
pharmacy, drop shipment)

(3) The patient’s ability to swallow and 
retain pills (e.g., dysphagia, strictures, 
presence of gastrostomy or jejunostomy 
tube, mucositis, esophageal strictures, 
vomiting)

(4) The patient’s ability to read labels, 
instructions, and calendars

(5) The patient’s ability to open medica-
tion bottles or packages

(6) The patient’s ability to comprehend 
instructions regarding dosing, sched-
ules, and indications for when to hold 
the medication and notify the health-
care provider.

(7) Possible food–drug interactions, drug–
drug interactions, and supplement–
drug interactions

c) System safeguards to prevent errors and 
manage emergencies (also see Chapters 1, 
12, and 13)

(1) Independent practitioners who are 
determined to be qualified by the 
healthcare setting should sign oral 
chemotherapy, targeted therapy, and 
immunotherapy orders for the treat-
ment of cancer (Neuss et al., 2016).

(2) Information to include in prescriptions 
or orders for oral chemotherapy, tar-
geted therapies, and immunotherapy 
(Neuss et al., 2016; ONS, 2016)
(a) Patient name, date of birth, and 

any institution-specific identifiers
(b) Full generic name of medication
(c) Drug dose and calculation meth-

odology (e.g., mg/m2)
(d) Schedule of administration
(e) Drug quantity to be dispensed and 

number of refills, with zero as the 
acceptable default value. A time 
limitation to refills helps ensure 

appropriate evaluation at prede-
termined intervals.

(f) Any special instructions
(3) Institutional policies should address 

the process for continuation of oral 
chemotherapy, targeted therapy, and 
immunotherapy when patients are 
admitted to the hospital.
(a) In many settings, patients may be 

admitted by a hospitalist or other 
non-oncologist. The potential for 
error exists if the therapy is con-
tinued as part of a home medica-
tion list, although it may be con-
traindicated for the patient’s cur-
rent condition (Booth, Booth, & 
Crawford, 2011; Schleisman & 
Mahon, 2015).

(b) Prior to giving an oral chemother-
apy, targeted therapy, or immu-
notherapy agent in the inpa-
tient setting as a continuation 
of home therapy, verify that the 
agent was ordered by a licensed 
independent practitioner who is 
determined to be qualified by the 
healthcare setting and that the 
therapy has been determined to 
be appropriate to continue and 
at the same dose.

d) Dosing: When possible, one dose strength 
of pill should be used and rounded to the 
final dose (Hematology/Oncology Pharmacy  
Association, 2017).

e) Verification: See section D.
f) Administration

(1) Do not crush hazardous oral antineo-
plastics outside of a containment pri-
mary engineering control. If the patient 
is unable to take oral medication, dis-
cuss an alternative route with the oncol-
ogist or use strategies for safe admin-
istration (Polovich & Olsen, 2018; see 
Chapter 12).

(2) For intact oral tablets, capsules, or pills 
designated as hazardous, wear one 
pair of gloves tested for use with HDs. 
A mask with a face shield and double 
gloves should be worn if there is a poten-
tial for sprays, aerosols, or splattering 
of the agent, such as with liquid oral 
HDs (Polovich & Olsen, 2018).

g) Other considerations
(1) The institution or practice should 

determine a process to assess and track 
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patient adherence to oral cancer ther-
apy (Neuss et al., 2016; ONS, 2016).

(2) Strategies to encourage adherence 
include calendars or daily medi-
cation checklists, pill diaries, elec-
tronic reminders, and text messages 
(Burhenn & Smuddle, 2015; ONS, 2016; 
Rodriguez, Utate, Joseph, & St. Victor, 
2017; Spoelstra & Sansoucie, 2015; see 
Chapter 4).

(3) Set up routine appointments to monitor 
patients’ response to therapy, including 
follow-up laboratory testing.

(4) Information to include in patient edu-
cation (ONS, 2016)
(a) Drug name, dose, and schedule, 

including calendar as appropriate
(b) How the drug will be obtained
(c) Potential side effects, manage-

ment, and indications for when 
to notify the healthcare provider

(d) Safe storage and handling
(e) Disposal of unused medication 

(e.g., drug drop-off sites that 
accept hazardous medications)

(f) Food, drug, and supplement inter-
actions

(g) Plan for missed doses
(h) Schedule of appointments for 

monitoring
(i) Process for refills

2. Subcutaneous (SC) and intramuscular (IM) 
routes
a) Few chemotherapy, targeted, and immuno-

therapy agents are ordered via the SC or IM 
route. Select hormonal agents used as anti-
neoplastics are administered via these routes. 
See Tables 6-1, 7-1, 8-1, and 10-1 for a listing 
of drugs given via these routes.

b) Pretreatment assessment in addition to the 
general pretreatment assessment

(1) Assess for adequate subcutaneous or 
muscle sites.

(2) Review any coagulation values and 
other risks for bleeding and bruising.

c) System safeguards to prevent errors and man-
age emergencies: Never administer vesicants 
by the SC or IM route.

d) Dosing: Depending on the total volume of 
the syringe, the medication may have to be 
divided into several syringes.

(1) The maximum volume for IM injec-
tions varies according to muscle mass 
and the muscle used, with the deltoid 
muscle ranging 0.5–2 ml, the dorso-

gluteal 4 ml, and the vastus lateralis 5 
ml (Hopkins & Arias, 2013).

(2) The maximum volume for SC injec-
tions varies according to the amount 
of subcutaneous muscle and the loca-
tion of injection, with a volume range 
of 2–3 ml (Ferruccio et al., 2016). An 
exception is rituximab and hyaluroni-
dase human (Genentech, Inc., 2017b), 
for which the total volume of SC injec-
tion is 11.7 ml or 13.4 ml, depending 
on the dose. The addition of hyaluron-
idase, an enzyme that increases that 
distribution and absorption of locally 
injected substances, permits the large 
volume of the SC injection. Care must 
be taken to ensure this formulation is 
not given IV.

e) Verification: See section D.
f) Administration

(1) For SC and IM medications designated 
as hazardous (Polovich & Olsen, 2018)
(a) Wear two pair of gloves and a gown 

that have been tested for use with 
HDs. Wear a mask with face pro-
tection if splashing is possible (see 
Chapter 12).

(b) Use closed-system drug-transfer 
devices (CSTDs) attached between 
the syringe and needle when pos-
sible (Polovich & Olsen, 2018).

(c) If air bubbles are noted in the 
syringe, do not express unless in a 
containment primary engineering 
control (Polovich & Olsen, 2018; 
see Chapter 12).

(2) Use the smallest gauge needle possible.
(3) Review product literature for any spe-

cific instructions regarding the site of 
SC or IM injection. For example, instruc-
tions for bortezomib specify injection 
into the thigh or abdomen (Millennium 
Pharmaceuticals, Inc., 2017).

(4) Avoid scarred areas.
(5) Rotate sites.
(6) Clean the site with antiseptic and allow 

to dry completely prior to injection.
(7) For IM injections (Sisson, 2015)

(a) Usual sites for delivering an IM 
injection include the deltoid, vas-
tus lateralis, ventrogluteal, and 
dorsogluteal muscles.

(b) The deltoid, vastus lateralis, and 
ventrogluteal sites are recom-
mended because these sites are far-



Chapter 11. Administration Considerations 209

ther from major blood vessels and 
nerves. Aspiration is not required 
for these sites.

(c) Aspiration is still advised when 
injecting into the dorsogluteal 
muscle because of its proximity 
to the gluteal artery.

(8) Inject medication at the prescribed 
rate.

(9) Dispose of any unused supplies in 
appropriate waste container.

(10) Other considerations: Following 
administration, assess for pain, swell-
ing, induration, hemorrhage, ery-
thema, pruritus, and rash.

3. IV route
a) IV administration is one of the most com-

mon routes of administration. Medications 
can be administered by the following meth-
ods, depending on the agent and regimen: 
IV push, short-term infusion, or continuous 
IV infusion.

b) Pretreatment assessment/actions in addi-
tion to the general pretreatment assessment

(1) Evaluate the patient’s venous access. 
Determine if it is appropriate or ade-
quate for the prescribed therapy.
(a) Consider the agents to be adminis-

tered; their vesicant, irritant or non-
vesicant properties; the prescribed 
method of administration; and the 
overall duration of therapy.

(b) Refer to ONS’s Access Device Stan-
dards of Practice for Oncology Nurs-
ing (Camp-Sorrell & Matey, 2017).

(2) Identify risk factors for extravasation if 
the treatment regimen includes a vesi-
cant (see Chapter 13).

(3) Review and confirm the sequence of 
medication administration.

c) System safeguards to prevent errors and man-
age emergencies (also see Chapter 12 and 13)

(1) The institution or practice should 
define a process to manage overfill, 
especially for continuous infusions 
(ISMP, 2013b).
(a) Commercially available bags of 

standard IV solutions (e.g., nor-
mal saline) often contain overfill 
(e.g., a 1,000 ml bag of normal 
saline could potentially contain 
1,100 ml, but the bag may still be 
labeled as 1,000 ml). Some institu-
tions add the medication to the bag 
without concern for overfill, oth-

ers may withdraw a volume equal 
to the medication, some may with-
draw the drug volume and over-
fill volume prior to admixture, 
and some may start with an empty 
bag to mix an exact total volume 
(ISMP, 2013b).

(b) Nurses must be aware of the 
method used at their healthcare 
setting, as it can affect the dura-
tion of the infusion and the con-
centration of the medication.

(2) Vinca alkaloids: Strategies that should 
be implemented to prevent errors 
from inadvertent administration of 
vinca alkaloids into cerebrospinal fluid 
(NCCN, n.d.)
(a) Administer vinca alkaloids in a 

minibag (IV piggyback [IVPB]). 
Never administer using an IV 
pump when administer ing 
through a peripheral IV cathe-
ter. Do not administer in a syringe 
in facilities where intrathecal med-
ications are administered.

(b) Label all vinca alkaloid bags “FOR 
INTRAVENOUS USE ONLY—
FATAL IF GIVEN BY OTHER 
ROUTES.”

(c) Never dispense vinca alkaloids to 
an area where intrathecal medica-
tions are administered.

(d) Never give vinca alkaloids in the 
same treatment room as intrathe-
cal medications.

(3) Ambulatory infusion pumps
(a) To prevent errors, prescribers 

should order 5-fluorouracil and 
other continuous infusion anti-
neoplastics in single, daily doses 
with directions to infuse continu-
ously over a specific number of days 
(e.g., 750 mg/m2 IV over 24 hours 
days 1, 2, 3, 4, 5) (ISMP, 2015a).

(b) Numerous errors have been 
reported regarding home infu-
sions of 5 -f luorouracil, often 
related to prescribing errors and 
pump programming errors (ISMP, 
2015a, 2015b). A common error 
reported is confusing the dose per 
day with the total dose to be infused 
over multiple days (ISMP, 2015a, 
2015b). This can result in fatal 
errors.
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(c) Use infusion pumps with dose 
error reduction software, when 
possible (ISMP, 2015b, 2018).

(d) The information the pharmacist 
or nurse needs to program the 
pump is displayed clearly on the 
medication label (ISMP, 2015a, 
2015b).

(e) Information to include in patient 
and caregiver education (ISMP, 
2015a)

i. Total dose they are to receive, 
the length of time the infu-
sion should last, and instruc-
tion to routinely check that 
the pump is not infusing 
too fast

ii. Troubleshooting alarms and 
infusion pump malfunction

iii. Steps to follow if tubing 
becomes disconnected, a 
spill occurs, or a port needle 
becomes dislodged

iv. 24-hour contact information 
for questions and problems

(f) The institution or practice must 
establish a process to address 
patients who present to emer-
gency departments and inpatient 
areas with ambulatory pumps 
with an antineoplastic infusing. 
Often, healthcare providers in 
these areas are not familiar with 
all the ambulatory pumps in 
use, and patients who use these 
devices may be ill informed, lead-
ing to serious errors (ISMP, 2015a, 
2015b).

d) Dosing: See section C.
e) Verification

(1) Verify any infusion pump program-
ming with another provider (Neuss 
et al., 2016).

(2) Continuous infusions in inpatient set-
tings: If an infusion was initiated by 
another nurse, the nurse assuming 
the care of the patient should verify 
the infusion during shift handoff to 
prevent possible propagation of a pre-
vious error.

(3) When chemotherapy is administered 
in the home by a healthcare provider, 
a second identifier, such as a driver’s 
license, should be used to confirm the 
patient’s identity (Neuss et al., 2016).

f) Administration
(1) Equipment

(a) IV tubing selection
i. Standardize the use of IV 

tubings.
ii. Use IV tubings with Luer-lock 

connections.
iii. For hazardous medications, 

use CSTDs (Polovich & 
Olsen, 2018; see Chapter 12). 
Some manufacturers incor-
porate these devices as part 
of the IV tubing.

iv. Minimal research exists to 
support the most effective 
IV tubing setup for paren-
teral antineoplastic medica-
tion administration (Wiley, 
2017). Select IV tubings and 
setups that do the following:
• Provide minimal waste 

remaining in the IV tub-
ing after the medication 
is completed, thus provid-
ing the maximum dose of 
medication to the patient 
and a minimal amount 
of hazardous waste that 
requires disposal

• Permit the least amount 
of manipulation of the 
system, thus decreasing 
the risk of infection for 
the patient and decreas-
ing the risk of hazardous 
waste exposure for the 
healthcare provider

• A l low for emergency 
response if administering a 
drug that can cause hyper-
sensitivity reaction or ana-
phylaxis. The main IV line 
should contain a compati-
ble carrier solution that can 
be turned on immediately 
after stopping the drug the 
patient is reacting to.

v. Some medications require 
DEHP-free tubing (see Tables 
6-1, 8-1, and 10-1). DEHP is 
a plasticizer added to polyvi-
nyl chloride plastic to make 
it flexible. Select agents cause 
leaching of DEHP, which may 
be harmful to patients.
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vi. Some medications require 
an in-line filter (see Tables 
6-1, 8-1, and 10-1 and drug 
package inserts).

vii. For medications designated 
as hazardous, wear two pair 
of gloves and a gown that have 
been tested for use with HDs. 
Wear a mask with face pro-
tection if splashing is possi-
ble (Polovich & Olsen, 2018; 
see Chapter 12).

(b) Use IV pumps with dose error 
reduction software, when possible, 
for the administration of infusions 
of chemotherapy, targeted thera-
pies, and immunotherapy, exclud-
ing peripheral administration of 
vesicants (ISMP, 2018).

i. Do not rely on pump alarms 
to detect IV infiltration or 
extravasation.

ii. IV pumps with dose error 
reduction software are pre-
ferred because they include 
medication dosing guide-
lines, concentrations, dose 
limits, and advisories (Infu-
sion Nurses Society, 2016; 
ISMP, 2018; Orto, Hendrix, 
Griffith, & Shaikewitz, 2015).

iii. Pumps with dose error reduc-
tion software should never 
replace the use of indepen-
dent double-checks (ISMP, 
2009).

iv. Infusion interoperability is the 
ability of an infusion pump 
to receive and transmit infor-
mation in near real-time 
with the electronic health 
record. Medication orders 
and parameters automati-
cally program the infusion 
pump. The pump can then 
send back infusion status 
and history to the electronic 
health record.

v. Infusion interoperabil -
ity should never replace 
the use of independent 
double-checks (ISMP, 2009).

(2) Peripheral venous access
(a) Do not use peripheral IV sites for 

the administration of vesicants 

given as continuous infusions. 
When administering vesicants 
via a peripheral IV site, limit the 
infusion time to ≤ 30 minutes and 
remain with the patient during the 
entire infusion.

(b) Venipuncture
i. Avoid the use of established 

IV sites that are more than 
24 hours old.

ii. No clear evidence exists to 
support the use of a new 
venipuncture site versus 
one less than 24 hours old 
for the administration of 
vesicants. Regardless, thor-
oughly assess the site for 
patency, including blood 
return, and complications 
before and during drug 
administration.

iii. Choose veins that are large, 
smooth, and pliable.

iv. Sites to avoid
• Ventral surface of the hand
• Joints and areas near joints
• Antecubital fossa
• Lower extremities
• Areas distal to a recent 

venipuncture, including 
laboratory draws

• Areas of impaired cir-
culation or lymph node 
drainage

• Areas with decreased sen-
sation (e.g., peripheral 
neuropathy)

v. No definitive guidelines exist 
regarding venipuncture, 
including vesicant admin-
istration, for patients who 
have had a sentinel lymph 
node biopsy.

vi. Ultrasound-guided periph-
eral catheter insertion in 
deep veins in the upper 
arms may be associated with 
an increased incidence of 
undetected infiltration and 
extravasation. Staff skilled 
in ultrasound-guided IV 
insertion must ensure that 
sufficient catheter length 
is threaded into the vein to 
prevent catheter dislodg-
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ment during patient move-
ment. Nurses should assess 
the vein frequently for signs 
and symptoms of infiltra-
tion (Infusion Nurses Soci-
ety, 2016).

vii. Avoid the use of metal nee-
dles, as they may increase the 
risk of infiltration or extrava-
sation (Mackey, 2017a).

viii. Per for m venipuncture 
according to institutional pol-
icy and procedure. If unsuc-
cessful, restart IV using a dif-
ferent site on the opposite 
arm, if possible, or proximal 
to the previous puncture site.

ix. Apply transparent dress-
ing to the insertion site and 
secure the catheter. Ensure 
visualization of peripheral 
IV entrance site.

x. Ensure securement of the 
peripheral IV to help pre-
vent dislodgment. In a study 
examining 673 vesicant 
extravasations and irritant 
infiltrations, one of the 
most common etiologies 
was patient movement and 
subsequent dislodgment 
(Jackson-Rose et al., 2017).

xi. Educate the patient to report 
unusual tugging on tubing 
or IV, discomfort, swelling, 
or pain during administra-
tion of therapy.

xii. Confirm and document a 
blood return and absence of 
signs and symptoms of infil-
tration prior to and every 2–5 
ml during IV push adminis-
tration of vesicant chemo-
therapy. Do not administer 
vesicants in the absence of a 
blood return or if other signs 
or symptoms of extravasation 
are present.

xiii. Observe for swelling, pain, 
burning, tightness, cool 
skin, skin color change, and 
changes in flow rate. If infil-
tration occurs, immediately 
stop infusion. For vesicant 
extravasation, see Chap-

ter 13. If additional drug 
remains to be administered, 
place a new IV at a different 
site on the opposite arm, if 
possible, or proximal to pre-
vious venipuncture sites and 
the infiltration.

(3) Midline catheters
(a) Midlines are defined as periph-

eral IV catheters that are greater 
than three inches in length and 
terminate in the axillary vein in 
the upper arm (Cope, 2017; Infu-
sion Nurses Society, 2016). Mid-
lines can be placed with or with-
out ultrasound guidance.

(b) Do not use for continuous infu-
sions of vesicants (Cope, 2017).

(c) Ultrasound-guided peripheral 
catheter insertion in deep veins 
in the upper arms may be asso-
ciated with an increased inci-
dence of undetected infiltration 
and extravasation. Staff skilled in 
ultrasound-guided IV insertion 
must ensure that sufficient cath-
eter length is threaded into the 
vein to prevent catheter dislodg-
ment during patient movement. 
Nurses should assess the vein fre-
quently for signs and symptoms of 
infiltration (Infusion Nurses Soci-
ety, 2016).

(d) The use of midline catheters for 
administering IV push or inter-
mittent infusions of vesicants is 
controversial. Caution is recom-
mended with midlines because 
of the risk of undetected extrava-
sation, as the vein may be deeper 
than a traditional short periph-
eral IV (Cope, 2017).

(e) Confirm and document a blood 
return and absence of signs and 
symptoms of infiltration prior to 
and every 2–5 ml during IV push 
administration of vesicant chemo-
therapy. Do not administer ves-
icants in the absence of a blood 
return.

(4) Central venous access devices: These 
include percutaneous subclavian or 
jugular catheters, tunneled catheters, 
peripherally inserted central catheters, 
and implanted ports.
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(a) Indications include patients 
receiving continuous infusion of 
vesicants, vesicant infusions of 
longer than 60 minutes, complex 
treatment regimens in which fre-
quent access is necessary, and poor 
or limited patient venous access.

(b) Central venous access devices 
should be used for patients receiv-
ing home infusions of chemother-
apy via ambulatory infusion pumps.

(c) Ideally, central venous catheter 
tip location should be at the dis-
tal third of the superior vena cava 
or cavoatrial junction (Infusion 
Nurses Society, 2016; Mackey, 
2017b).

(d) Assess for signs and symptoms of 
malposition or occlusion prior to 
administration of cancer therapy. 
Do not proceed if any of the fol-
lowing are present, and contact 
provider:

i. Absent or sluggish blood 
return

ii. Change in color of blood 
from lumen(s)

iii. Difficulty flushing or IV does 
not flow freely

iv. Atrial or ventricular arrhyth-
mias

v. Pain, edema, or strange sen-
sations in neck, shoulder, 
chest, or back

vi. Gurgling or rushing sound 
on the side of the central 
venous access device, which 
could indicate tip malposi-
tion in jugular vein

vii. Neurologic changes or par-
esthesias

(e) Follow institutional guidelines for 
troubleshooting and declotting 
procedures and/or dye study, as 
indicated.

(f) For implanted ports, access the 
port with noncoring needle. Select 
the appropriate needle length 
based on the depth of the port. 
Stabilize the needle with tape and 
transparent dressing or secure-
ment device to help prevent dis-
lodgment and possible infiltration 
during medication administra-
tion. Inspect the insertion site for 

evidence of needle dislodgment, 
leakage of IV fluid, or edema dur-
ing infusions.

(g) For all central venous access 
devices, use a transparent dress-
ing to ensure visualization of the 
site during administration. Gauze 
may be used to stabilize the nee-
dle wings as long as the insertion 
site is not covered (Infusion Nurses 
Society, 2016).

(5) IV push method
(a) Refer to institutional guidelines 

and drug references for the rec-
ommended rate of administration. 
In addition, take into account the 
status of the patient’s veins or type 
of venous access.

(b) Although there are limited pub-
lished evidence reviews or research 
supporting the superiority of the 
free flow (side-arm technique) 
versus the direct push method, 
the side-arm technique allows for 
constant dilution of vesicant dur-
ing administration, which may 
decrease the severity of an extrav-
asation injury.

(c) Side-arm technique for adminis-
tration of IV push

i. Hang a primary IV line with a 
solution compatible with the 
IV push medications.

ii. Allow the primary IV solu-
tion to run freely, without 
using an infusion pump.

iii. Flush vascular access device 
with a saline prefilled syringe 
at the closest side port to the 
patient to ensure patency 
and lack of signs and symp-
toms of infiltration.

iv. Use a transparent dressing 
over the site to visualize signs 
and symptoms of vesicant 
extravasation or infiltration.

v. Assess for blood return and 
signs of infiltration (e.g., pain, 
burning, leaking, or swelling 
at catheter insertion site).

vi. Two methods for verification 
of blood return
• Aspirate with a syringe at 

the lowest Y-site and clamp 
off fluid from the bag.
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• Use gravity to check by low-
ering the IV bag below the 
patient’s IV site.

vii. Attach the syringe of the anti-
neoplastic to the injection 
port closest to the patient 
on the primary IV tubing 
using a CSTD (Polovich & 
Olsen, 2018).

viii. Slowly administer the medi-
cation. Allow the primary IV 
solution to run continuously, 
to dilute the medication.

ix. Assess for blood return every 
2–5 ml.

x. Continuously assess the site 
for signs and symptoms of 
infiltration or extravasa-
tion.

xi. If multiple medications are 
administered, flush with the 
primary IV solution between 
each drug and at the comple-
tion of the infusion.

xii. Stop administration imme-
diately for signs or symptoms 
of infiltration or extrava-
sation. (e.g., pain, burn-
ing, redness, edema, any 
patient-reported discom-
fort). It is important to dis-
tinguish between extrava-
sation and flare reaction or 
radiation recall (see Chap-
ter 13 for management of 
vesicant extravasation or 
irritant infiltration).

(d) Direct IV push method
i. A primary IV line with dilu-

tion is not used.
ii. Establish venous access as 

outlined previously.
iii. Flush the vascular access 

device with a saline prefilled 
syringe to ensure patency and 
lack of signs and symptoms of 
infiltration (e.g., no pain, no 
leaking, no swelling at IV site).

iv. Use a transparent dressing 
over the site.

v. Ensure that blood return 
is present prior to direct IV 
push.

vi. Slowly administer the anti-
neoplastic through a syringe 

using a CSTD (Polovich & 
Olsen, 2018). 

vii. Assess for blood return every 
2–5 ml during administra-
tion.

viii. Stop administration imme-
diately for signs and symp-
toms of infiltration.

ix. Disconnect the medica-
tion syringe, and reconnect 
another flush syringe using 
a CSTD. 

x. Flush the line.
(6) Short-term/minibag (e.g., IVPB)

(a) Hang a primary IV tubing, and 
prime with a solution compatible 
with the medications to be admin-
istered.

(b) Flush the vascular access device 
with a saline prefilled syringe at 
the closest side port to the patient 
to ensure patency and lack of signs 
and symptoms of infiltration.

(c) Assess for blood return and other 
signs of patency (e.g., no pain, no 
leaking, no swelling at IV site).

(d) Attach the minibag of medica-
tion to the injection port on the 
primary IV tubing using a CSTD 
(Polovich & Olsen, 2018).

(e) Refer to medication orders, insti-
tutional guidelines, or drug refer-
ences for the recommended rate 
of administration. The rate of 
administration of the agent may 
vary according to the prescribed 
regimen.

(f) For nonvesicant short-term/mini-
bag (IVPB) infusions

i. Insert the medication tubing 
into the Y-site above or below 
the IV pump, depending on 
the agent or institutional pro-
cedure, using a CSTD (Polov-
ich & Olsen, 2018).

ii. Infuse as ordered and/or 
per institutional guidelines 
or drug reference.

iii. Assess for signs and symp-
toms of infiltration.

iv. If multiple agents are admin-
istered, flush with the pri-
mary IV solution between 
each agent and at the com-
pletion of the infusion.
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(g) For vesicant short-term/minibag 
infusions

i. Peripheral IV administration
• Do not use an infusion 

pump for administration 
of vesicants through a 
peripheral IV.

• Administer by gravity 
through a free-flowing pri-
mary IV line using a CSTD 
(Polovich & Olsen, 2018).

• Remain with the patient 
during the entire infusion.

• Use a transparent dress-
ing to visualize the IV site.

• Limit administration to ≤ 
30 minutes.

• Verify blood return before, 
every five minutes during, 
and after the infusion is 
complete.

• See Chapter 13 for more 
information on taxanes.

ii. Administer all vinca alka-
loids as a short-term/mini-
bag infusion (IV minibag) 
(ISMP, 2016; NCCN, n.d.; 
Neuss et al., 2016).

iii. Numerous studies have indi-
cated the risk of extravasation 
is less than 0.05% when vinca 
alkaloids are administered 
using the following method 
(Gilbar & Carr ington, 
2006; Hartkopf-Smith & 
Hughes-McNally, 2012; Nur-
gat et al., 2015).
• Vinca alkaloids should 

be prepared as a minibag 
infusion (e.g., 25–50 ml).

• Do not use an IV pump 
when administering ves-
icants through a periph-
eral IV.

• Administer by gravity 
through a free-f lowing  
primary IV line using a 
CSTD (Polovich & Olsen, 
2018).

• Remain with the patient 
during the entire infu-
sion.

• Use a transparent dress-
ing to visualize the IV site.

• Infuse over 5–15 minutes.

• Assess for blood return 
during any vesicant admin-
istration via a short-term 
infusion before, every five 
minutes during, and after 
the infusion is complete.

• Closely monitor for signs 
and symptoms of extrav-
asation, such as swelling, 
loss of blood return, and 
patient’s report of pain or 
burning sensation. Con-
firming extravasation of 
vesicants during chemo-
therapy administration 
can be difficult because 
manifestations can vary 
from no immediate signs 
to pain, swelling, and loss 
of blood return.

• Stop administration imme-
diately for signs and symp-
toms of infiltration and 
extravasation. See Chapter 
13 for management of ves-
icant extravasation.

(7) Continuous infusions
(a) Assess for blood return and other 

signs of patency prior to, during, 
and after drug administration 
according to institutional policy 
(e.g., no pain, no leaking, no swell-
ing at IV site).

(b) Hang a primary IV tubing with 
a solution compatible with the 
medications to be administered 
(excluding home infusions using 
ambulatory infusion pumps).

(c) Use an IV pump (ISMP, 2018; 
Polovich & Olsen, 2018). Admin-
ister via a programmable infusion 
pump using dose error–reduction 
software in both inpatient and out-
patient areas (ISMP, 2018).

(d) Connect chemotherapy, targeted 
therapy, or immunotherapy tub-
ing into primary IV, as per insti-
tutional policy. Use a CSTD for 
administration of HDs (Polovich 
& Olsen, 2018).

(e) Infuse as ordered and/or per 
institutional guidelines or drug 
reference.

(f) Assess for signs and symptoms of 
infiltration.
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(g) For continuous infusions of ves-
icants

i. Always infuse through a cen-
tral venous access device.

ii. Assess for blood return and 
other signs and symptoms 
of extravasation prior to 
initiating the infusion, at 
periods specified by insti-
tutional policy, and at the 
completion.

iii. Check for blood return and 
other signs and symptoms of 
extravasation if there are any 
indications that the pump 
is not flowing (e.g., pump 
alarm for occlusion, infu-
sion rate appears to be too 
slow) and at the completion 
of therapy.

iv. Use a transparent dress-
ing over the site to visual-
ize signs and symptoms of 
extravasation.

v. Stop administration immedi-
ately for signs and symptoms 
of infiltration and extravasa-
tion. See Chapter 13 for man-
agement of vesicant extrav-
asation.

4. Intraperitoneal
a) Intraperitoneal chemotherapy is the admin-

istration of chemotherapy directly into the 
peritoneal cavity via an external catheter 
or port.

(1) It is most frequently used for ovar-
ian cancer, as the most common 
route of spread for this cancer is 
within the peritoneal cavity (NCCN,  
2018f).

(2) Compared with IV chemotherapy, 
intraperitoneal administration per-
mits a several-fold increase in drug 
concentration within the abdominal 
cavity (Dedrick, Myers, Bungay, & 
DeVita, 1978).

(3) For ovarian cancer, IV chemother-
apy is administered in conjunction 
with intraperitoneal chemotherapy 
to treat systemic disease (NCCN, 
2018f).

(4) The most commonly administered 
intraperitoneal agents for ovarian can-
cer are cisplatin and paclitaxel (NCCN, 
2018f).

b) Pretreatment assessment in addition to the 
general assessment prior to chemotherapy

(1) Verify the type of device (implanted 
intraperitoneal port vs. external 
intraperitoneal catheter) and loca-
tion in intraperitoneal space by 
reviewing operative notes or imag-
ing.

(2) Assess for signs and symptoms of 
access device complications (Rogers, 
2017).
(a) Exit site infection: Fever, chills, 

drainage, erythema, tenderness 
at site

(b) For tunneled catheters, tunnel 
infection: inflammation appear-
ing along the tunnel line

(c) Leakage, bleeding, drainage at 
exit site

(d) Presence or absence of ascites. If 
patient has ascites, discuss with 
prescriber if ascites should be 
drained prior to chemotherapy 
in order to promote comfort and 
tolerance (Rogers, 2017).

(3) Baseline respiratory status: Note any 
shortness of breath.

(4) Signs and symptoms of peritonitis: 
Fever, chills, abdominal pain

(5) Abdominal pain, cramping, diarrhea
(6) Peripheral neuropathy from previous 

doses of platinum or taxane chemo-
therapy. Report any peripheral neu-
ropathy. Intraperitoneal chemother-
apy may be held for worsening periph-
eral neuropathy.

(7) Renal function: Check serum creati-
nine and creatinine clearance prior 
to cisplatin.

c) System safeguards to prevent errors and man-
age emergencies

(1) Clearly label lines as intraperitoneal 
and intravenous to prevent accidental 
administration of medications via the 
wrong route (ISMP, 2013a).

(2) When administering medications and 
fluids, trace all catheters and lines from 
the access site into the patient’s body 
(ISMP, 2013a).

(3) Route IV tubing and intraperitoneal 
tubing to different sides of the bed 
or chair.

(4) Infuse intraperitoneal fluids through 
tubing without injection ports (Rog-
ers, 2017).
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(5) Intraperitoneal administration of 
paclitaxel and cisplatin has potential 
to cause hypersensitivity reactions, 
including anaphylaxis. Ensure that 
emergency medications are available 
(NCCN, 2018f).

d) Dosing: Intraperitoneal dosing is based on 
the disease, regimen, patient-specific fac-
tors, and presence of toxicities. Care must 
be taken to verify dosing of intraperitoneal 
and IV chemotherapy when administered in 
the same regimen.

e) Verification: Immediately prior to adminis-
tration, verify that the agent to be adminis-
tered is intraperitoneal and that the tubing 
and line it is connected to is the intraperito-
neal access device.

f) Administration
(1) Ask the patient to void prior to start-

ing the procedure and report difficulty 
with voiding or a lack of urine output.

(2) Obtain intravascular access for admin-
istration of IV fluids (e.g., prior to 
administration of intraperitoneal cis-
platin).

(3) Access the patient’s intraperitoneal 
port.
(a) Apply topical anesthet ic, i f 

requested.
(b) Use strict sterile technique and 

maximum barrier precautions 
when accessing an intraperitoneal 
port (Rogers, 2017).

(c) Instruct the patient to lie flat for 
port access, if possible.

(d) Use a noncoring needle. If the loca-
tion of the port is the lower ribs, 
where there may be more subcuta-
neous tissue, a longer needle may 
be needed. Patient anatomy will 
often dictate provider placement.

(e) A blood return should not occur 
if aspiration is attempted, as the 
tip of the catheter is in the perito-
neal space. If the patient has asci-
tes, peritoneal fluid may be with-
drawn (often straw colored, some-
times blood tinged). Often, intra-
peritoneal ports will not yield a 
specimen (Rogers, 2017).

(f) Flush with 10–20 ml normal saline 
(Rogers, 2017). Assess for signs and 
symptoms of infiltration, includ-
ing pain, burning, and leaking 
of fluid.

(g) Apply a sterile, transparent dress-
ing.

(4) Place the patient in a semi-Fowler posi-
tion. A flat position during infusion may 
increase pressure on the diaphragm, 
causing respiratory compromise and 
gastrointestinal upset.

(5) Administer IV premedications and IV 
hydration as ordered.

(6) No definitive recommendations can be 
made regarding the warming of intra-
peritoneal fluid prior to administra-
tion (Rogers, 2017). Patients may tol-
erate room-temperature fluids better 
than cold ones.

(7) Wear two pair of gloves and a gown that 
have been tested for use with HDs. Wear 
a mask with face protection if splash-
ing is possible (Polovich & Olsen, 2018; 
see Chapter 12).

(8) Chemotherapy is often mixed in one 
liter of fluid and followed by an addi-
tional liter of normal saline. If the 
patient experiences discomfort and 
fullness, the second liter of intraper-
itoneal fluid (normal saline) is often 
discontinued (Anastasia, 2012).

(9) Infuse intraperitoneal fluids by grav-
ity using a CSTD as rapidly as the 
patient will tolerate (Anastasia, 2012; 
Polovich & Olsen, 2018; Potter & 
Held-Warmkessel, 2008).
(a) The fluid should flow freely and 

is often infused over 60–180 min-
utes. If the infusion will not run 
within this time period, notify the 
prescriber, as the catheter may 
be malpositioned, have a fibrin 
sheath, or the tip may be located 
in a pocket formed from bowel 
adhesions located in the intra-
peritoneal cavity (Anastasia, 2012; 
Potter & Held-Warmkessel, 2008; 
Rogers, 2017).

(b) Infusion of intraper itoneal 
chemotherapy by an infusion 
pump can cause needle dislodg-
ment and infiltration (Potter & 
Held-Warmkessel, 2008).

(c) Slow the intraperitoneal infusion 
for complaints of discomfort, dys-
pnea, or leaking around the intra-
peritoneal device site (Anastasia, 
2012; Potter & Held-Warmkessel, 
2008; Rogers, 2017).
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(10) After the infusion is complete, instruct 
the patient to turn from side to side 
every 15–30 minutes for 1–2 hours to 
facilitate drug distribution (Anasta-
sia, 2012; Potter & Held-Warmkessel, 
2008).

(11) Disconnect the tubing. Flush with a 
minimum of 20 ml normal saline and 
discontinue the port needle. No defin-
itive recommendations can be made 
regarding the use of heparin (Rog-
ers, 2017).

(12) The infused fluid is not drained and 
will absorb over several days to a week 
(Potter & Held-Warmkessel, 2008).

(13) Assess for the following throughout 
the intraperitoneal infusion and after 
completion (Anastasia, 2012; Potter & 
Held-Warmkessel, 2008; Rogers, 2017):
(a) Signs and symptoms of a hyper-

sensitivity reaction
(b) Signs and symptoms of fluid over-

load
(c) Dyspnea
(d) Abdominal pain or discomfort
(e) Failure of the intraperitoneal flu-

ids to infuse freely by gravity (Anas-
tasia, 2012; Rogers, 2017)

i. Line placement and patency 
may need to be confirmed by 
a dye study with fluoroscopy.

ii. Alteplase for catheter clear-
ance has been used to clear 
fibrin.

(f) Leaking around the port needle 
site or external catheter exit site 
(Anastasia, 2012; Rogers, 2017)

i. Verify needle placement.
ii. Excessive pressure from asci-

tes can cause leaking around 
the catheter or needle.

(g) In the event of extravasation (evi-
denced by abdominal pain and 
delayed erythema, often as the 
result of port malfunction or port 
flipping) or intraperitoneal port 
malfunction, discontinue intra-
peritoneal therapy and notify 
authorized prescriber immedi-
ately.

(h) For patients on cisplatin, monitor 
magnesium levels, and replace as 
ordered.

(i) For patients with significant nau-
sea or vomiting who are unable 

to self-hydrate, consider schedul-
ing return visits for IV hydration.

g) Other considerations: Heated intraperito-
neal chemotherapy (HIPEC)

(1) HIPEC is intraoperative delivery of 
heated chemotherapy into the intraperi-
toneal space. It is administered following 
cytoreductive surgery with the goal of 
eradicating microscopic disease. Hyper-
thermia is used to increase uptake of 
the chemotherapy into the cancer cells 
(González-Moreno, González-Bayon, & 
Ortega-Pérez, 2012; Neuwirth, Alexan-
der, & Karakousis, 2016).

(2) HIPEC has been used for a variety 
of intraperitoneal cancers, includ-
ing appendiceal cancer, peritoneal 
mesothelioma, and colon cancer 
(González-Moreno et al., 2012; Neu-
wirth et al., 2016).

(3) Agents used during HIPEC include 
carboplatin, cisplatin, 5-fluorouracil, 
irinotecan, mitomycin C, and oxali-
platin (González-Moreno et al., 2012; 
Neuwirth et al., 2016).

(4) The HIPEC procedure is performed 
after the cytoreductive surgery is com-
pleted. The surgeon places intraper-
itoneal catheters and temperature 
probes into the intraperitoneal space. 
The chemotherapy is heated by a per-
fusion machine and continuously cir-
culates the chemotherapy through-
out the intraperitoneal cavity, often 
for two hours.

(5) All personnel who administer HDs via 
the intraperitoneal route must wear 
double gloves and a gown during IV 
administration of HDs, as well as a 
mask with face protection if there is 
a potential for spilling, splashing, or 
aerosols (Polovich & Olsen, 2018). See 
Chapter 12.

(6) The patient is often “rocked” back and 
forth during the procedure. After the 
completion of the procedure, the che-
motherapy is drained, and the cathe-
ters removed.

(7) The patient is then transferred to the 
intensive care unit and usually hospi-
talized until recovery.

(8) Complications from the procedure 
include nausea, vomiting, pain, bleed-
ing, ileus, anastomotic leaks, bowel per-
forations, and infection (Cianos, LaFe-
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ver, & Mills, 2013; González-Moreno 
et al., 2012).

(9) Although nurses do not administer 
the actual chemotherapy intraopera-
tively, they play an important role in 
the prevention and management of 
complications related to this proce-
dure (Dell, Held-Warmkessel, Jakubek, 
& O’Mara, 2014).

5. Intrathecal, lumbar puncture
a) Intrathecal chemotherapy is the administra-

tion of chemotherapy directly into the intra-
thecal space by a lumbar puncture. The goal 
of intrathecal chemotherapy is the prophy-
laxis or treatment of malignant cells within 
sites that cannot be reached by systemic che-
motherapy because of the blood–brain bar-
rier (NCCN, 2018c).

(1) Indications for prophylactic intrathe-
cal chemotherapy include acute lym-
phoblastic leukemia (NCCN, 2018a) 
and Burkitt lymphoma (NCCN, 2018c).

(2) Intrathecal chemotherapy is also 
used for leptomeningeal metastasis 
(meningeal carcinomatosis) that can 
occur from the spread of leukemia, 
lymphoma, and solid tumors such as 
breast, lung, and gastrointestinal can-
cers (NCCN, 2018a, 2018c).
(a) The leptomeninges are two tis-

sue linings, the arachnoid and pia 
mater, that cover the brain and 
spinal cord. The layers encase the 
arachnoid space, which contains 
the cerebrospinal fluid.

(b) Cancer cells can enter the cerebro-
spinal fluid by numerous routes, 
including the blood, the menin-
ges, and extension from spinal 
metastases.

(3) Few chemotherapy agents can safely be 
given into the intrathecal space. The 
most commonly used agents are cyta-
rabine arabinoside and methotrexate 
(Gabay, Thakkar, Stachnik, Woelich, 
& Villano, 2012).

b) Pretreatment assessment
(1) Assess the patient’s risk for bleeding. 

An increased risk for bleeding places 
the patient at risk for an epidural hema-
toma and possible paralysis from the 
lumbar puncture (Balaban, Veneziano, 
Cartabuke, & Tobias, 2016; Nair, 2016).
(a) Review the patient’s laboratory 

values for bleeding risk (platelets, 

coagulation studies) and follow 
institutional guidelines.

(b) Review the patient’s medication 
list. Determine if the patient has 
been on any anticoagulants or 
NSAIDs.

i. Obtain information regard-
ing the dose, route, and date 
and time of last adminis-
tration.

ii. The American Society of 
Regional Anesthesia and 
Pain Medicine, the Euro-
pean Society of Regional 
Anaesthesia and Pain Ther-
apy, the American Academy 
of Pain Medicine, the Inter-
national Neuromodulation 
Society, the North Ameri-
can Neuromodulation Soci-
ety, and the World Insti-
tute of Pain (Narouze et al., 
2015) have established guide-
lines for procedures involv-
ing the spine, such as lum-
bar puncture, for patients 
on antiplatelet and antico-
agulant medications. The 
guidelines include specific 
details related to when anti-
coagulants should be held 
and restarted in relation to 
a lumbar puncture.

(2) Review if the patient has any abnormal-
ities of the lumbar vertebrae or would 
have difficulty maintaining the posi-
tion required for the procedure.

(3) Clarify with the prescriber whether 
cerebrospinal fluid specimens should 
be drawn and sent (e.g., cytology, cell 
count, glucose, protein, tumor mark-
ers).

(4) Conduct a neurologic assessment to 
establish baseline orientation, level of 
consciousness, presence or absence 
of headaches, history of seizures, and 
numbness, tingling, or pain in lower 
extremities.

c) System safeguards to prevent errors and man-
age emergencies: This section applies to both 
the intrathecal and intraventricular routes.

(1) Work with the interprofessional team 
to establish policies and procedures 
related to anticoagulants, coagulation 
studies, and lumbar puncture.
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(2) Work with an interprofessional team 
to prevent fatal chemotherapy errors 
related to the inadvertent administra-
tion of vinca alkaloids via a route other 
than IV (Hartkopf Smith, 2009b).
(a) Since the approval of vincristine in 

the 1960s, more than 125 deaths 
have been reported in the United 
States and abroad from the acci-
dental administration of vinca 
alkaloids into the intrathecal space 
(NCCN, n.d.).

(b) Many patients receive IV vincristine 
as part of their chemotherapy reg-
imen, which also includes chemo-
therapy given into the intrathecal 
or intraventricular space. In most 
reports of accidental intrathecal 
administration, the syringe of vin-
cristine was accidentally adminis-
tered into the cerebrospinal fluid, 
instead of the intended medication.

(c) Administration of vinca alkaloids, 
such as vincristine, given via this 
route can cause severe neurologic 
toxicity, including coma and death 
(Reddy, Brown, & Nanda, 2011).

(d) More than 27 years ago, the United 
States Pharmacopeial Convention 
developed requirements for manu-
facturers and pharmacies to label 
doses of vincristine with warnings. 
However, instances of accidental 
injection of vincristine continued 
to occur.

(e) Strategies to prevent errors 
(NCCN, n.d.)

i. Vincristine and other vinca 
alkaloids must only be given 
intravenously in a minibag 
(e.g., IVPB).

ii. Never dispense vinca alka-
loids to an area where intra-
thecal or intraventricular 
medications are adminis-
tered.

iii. Never give vinca alkaloids in 
the same treatment room as 
intrathecal or intraventricu-
lar medications.

iv. Healthcare providers who 
prescribe, prepare, and 
administer intrathecal or 
intraventricular chemother-
apy must receive special-

ized educational programs 
that include safe handling 
of HDs.

v. Institutions should establish 
a list of drugs that can be 
given intrathecally or intra-
ventricularly.

vi. Orders for intrathecal che-
motherapy should be sepa-
rate from IV chemotherapy 
orders.

vii. Order and deliver intrathe-
cal or intraventricular che-
motherapy as close as pos-
sible to the time of admin-
istration.

viii. Package and transport intra-
thecal and intraventricular 
chemotherapy separately 
from IV and other drugs.

ix. Intrathecal and intraventric-
ular chemotherapy should 
not be stored in patient care 
areas.

x. Time-out procedures should 
be conducted immediately 
preceding intrathecal and 
intraventricular chemother-
apy administration.

d) Dosing: Depending on the regimen, the agent 
may be administered once, twice, or three 
times a week. The duration and frequency of 
treatment are often dependent on whether 
the goal is prophylaxis or treatment.

e) Verification
(1) Verify that the patient’s coagulation 

studies meet institutional parameters 
for a lumbar puncture.

(2) Verify that the patient is not receiving 
anticoagulants or that they have been 
stopped for the necessary amount of 
time before the lumbar puncture, per 
institutional standards.

(3) Immediately preceding the procedure
(a) Perform a time-out procedure.
(b) Verify with the practitioner per-

forming the procedure (e.g., 
oncologist, radiologist, advanced 
practice provider) the following 
information:

i. The medication to be admin-
istered is safe to administer 
by the intrathecal route.

ii. The medication is not a vinca 
alkaloid or bortezomib.
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iii. The medication is mixed 
with preservative-free normal 
saline or Elliotts B® solution.

f) Administration
(1) Intrathecal chemotherapy via a lumbar 

puncture may be administered at the 
bedside, in the ambulatory care cen-
ter, or in interventional radiology or 
fluoroscopy depending on the health-
care setting.

(2) It may be administered by an oncology 
physician, a radiologist, an advanced 
practice provider, or a physician assis-
tant.

(3) Refer to state and institutional policies 
regarding the role of advanced prac-
tice nurses in administering intrathecal 
chemotherapy by a lumbar puncture.

(4) All personnel who administer HDs 
via a lumbar puncture must wear two 
pair of gloves (outer gloves are ster-
ile) and a gown that have been tested 
for use with HDs. Wear a mask with 
face protection (see Chapter 12). A 
plastic-backed absorbent pad should 
be placed under the site where the nee-
dle enters the spine and the syringe 
connection (Polovich & Olsen, 2018).

(5) Use strict sterile technique and sterile 
barrier precautions (e.g., mask, sterile 
field, sterile gloves). 
(a) The use of a mask decreases the 

transfer of Streptococcus salivarius, 
bacteria that can cause meningi-
tis, to the treatment field (Shew-
maker et al., 2010).

(b) Cleanse the skin prior to nee-
dle puncture with an antisep-
tic (Aiello-Laws & Rutledge, 
2008; Elledge, 2017). The use of 
chlorhexidine gluconate is contro-
versial. Current package labeling 
states it is contraindicated because 
of the risk of meningitis (Sviggum 
et al., 2012). If chlorhexidine is 
used as a disinfectant for intra-
thecal chemotherapy administra-
tion, it must dry completely prior 
to needle puncture. Proponents 
of its use state it has a more rapid 
onset of action, extended duration 
of effect, rare drug resistance, and 
little evidence to support its role 
in the development of meningitis 
(Sviggum et al., 2012).

(c) If the syringe containing the med-
ication is not sterile, once a per-
son touches it, that hand is not 
sterile (Aiello-Laws & Rutledge, 
2008; Elledge, 2017). If the syringe 
containing the medication is ster-
ile, the label on the medication 
must also be sterile (Aiello-Laws 
& Rutledge, 2008). For nonster-
ile syringes, the provider should 
access the cerebrospinal fluid with 
sterile gloves and then adminis-
ter intrathecal medication with-
out touching the sterile access site 
(Polovich & Olsen, 2018).

(6) The needle and infusion syringe and 
tubing should be discarded in an 
appropriate hazardous waste container 
(Polovich & Olsen, 2018).

g) Other considerations: Post–dural puncture 
headache is a common complication of lum-
bar punctures. A systematic review assessed 
the efficacy of prolonged bedrest versus 
immediate ambulation and found a lack of evi-
dence to support routine bedrest after dural 
puncture. The role of fluid supplementation 
after dural puncture requires further study 
(Arevalo-Rodriguez, Ciapponi, Roqué i Fig-
uls, Muñoz, & Bonfill Cosp, 2016).

6. Intraventricular (e.g., Ommaya reservoir)
a) Intraventricular chemotherapy is the admin-

istration of chemotherapy into the lateral ven-
tricle of the brain—a network of communi-
cating cavities filled with cerebrospinal fluid. 
Intraventricular administration is an alterna-
tive to administering intrathecal chemother-
apy by lumbar puncture.

(1) Administration of vinca alkaloids, 
such as vincristine, given via this route 
can cause severe neurologic toxicity, 
including coma and death (Reddy et 
al., 2011).

(2) Ventricular reservoirs (Ommaya res-
ervoirs) consist of a silicone dome and 
a catheter. A neurosurgeon surgically 
places the dome under the scalp (subcu-
taneous), and the catheter is threaded 
into the lateral ventricle of the brain 
(Volkov, Filis, & Vrionis, 2017).
(a) The reservoir volume of the dome 

ranges from 1.5–2.5 ml (Elledge, 
2017). The catheter length varies, 
as it is trimmed to fit within the 
frontal horn of the lateral ventri-
cle of the brain (Elledge, 2017).
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(b) Ventricular reservoirs can be used 
for the administration of medica-
tions, including chemotherapy, and 
for sampling of cerebrospinal fluid.

(c) Ventricular reservoirs with an 
attached shunt with on-off flush-
ing reservoirs: Some ventricular 
reservoirs have an attached shunt 
with an on-off flushing reservoir. 
Finger pressure on a specific com-
ponent of the device can open and 
close the shunting system, thus 
controlling the flow of cerebro-
spinal fluid (Palejwala et al., 2014; 
Volkov et al., 2017). These types of 
reservoirs are used to drain cere-
brospinal fluid, usually into the 
peritoneal space. When chemo-
therapy is administered, the shunt-
ing system is closed. After a set 
time (e.g., four hours), the shunt 
is reopened (Volkov et al., 2017).

b) Pretreatment assessment/actions
(1) Prior to accessing and using a ventricu-

lar reservoir, verify it is within the scope 
of practice by the state board of nurs-
ing and institutional policy.

(2) Prior to using a new ventricular res-
ervoir
(a) Confirm that postoperative imag-

ing was completed to confirm res-
ervoir placement, flow patency, 
and cerebrospinal f luid f low 
(Elledge, 2017).

(b) Flow studies identify areas of 
obstruction that could prevent 
chemotherapy from being dis-
tributed equally, with resultant 
increased toxicity and decreased 
efficacy.

(c) Discuss with the provider when 
the ventricular access can be used. 
Practices vary from the day of 
placement to multiple days after 
placement (Elledge, 2017).

(d) Verify the type of ventricular 
access. Administration and man-
agement of patients with ventric-
ular reservoirs with an attached 
shunt with on-off flushing reser-
voirs are not addressed in these 
recommendations.

(3) Assess vital signs.
(4) Assess neurologic history and status to 

serve as a baseline, including but not 

limited to orientation, level of con-
sciousness, headaches, and seizures.

(5) Assess for signs of infection over the 
ventricular reservoir.

(6) Clip—not shave—the hair over the ven-
tricular reservoir.

(7) Clarify with the prescriber whether 
specimens should be drawn and sent 
(e.g., cytology, cell count, glucose, pro-
tein, tumor markers).

c) System safeguards to prevent errors and man-
age emergencies: Follow system safeguards 
listed for the intrathecal route.

d) Dosing: Depending on the regimen, the 
agent may be administered once, twice, or 
three times a week (NCCN, 2018a, 2018c). 
The duration of treatment is dependent on 
whether the goal is prophylaxis or treatment.

e) Verification immediately preceding the pro-
cedure

(1) Perform a time-out procedure.
(2) Verify with another chemotherapy- 

qualified nurse, pharmacist, or physi-
cian the following information:
(a) The medication to be adminis-

tered is safe to administer by the 
intraventricular route.

(b) The medication is not a vinca alka-
loid or bortezomib.

(c) The medication is mixed with 
preservative-free normal saline 
or Elliotts B solution.

f) Administration
(1) No consistent recommendations can 

be made regarding the patient’s posi-
tion during the procedure. Aiello-Laws 
and Rutledge (2008) recommended a 
supine position. Place a plastic-backed 
absorbent pad under the site where 
the needle enters the reservoir if  
feasible.

(2) All personnel who administer HDs via 
this route must wear two pair of gloves 
and a gown that have been tested for 
use with HDs. Wear a mask with face 
protection (Polovich & Olsen, 2018; 
see Chapter 12).

(3) Use strict sterile technique and sterile 
barrier precautions (e.g., mask, sterile 
field, sterile gloves). 
(a) The use of a mask decreases the 

transfer of Streptococcus salivarius, 
bacteria that can cause meningi-
tis, to the treatment field (Shew-
maker et al., 2010).
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(b) If the syringe containing the med-
ication is not sterile, once a per-
son touches it, that hand is not 
sterile (Aiello-Laws & Rutledge, 
2007; Elledge, 2017). If the syringe 
containing the medication is ster-
ile, the label on the medication 
must also be sterile (Aiello-Laws 
& Rutledge, 2008). For nonster-
ile syringes, the provider should 
access the cerebrospinal fluid with 
sterile gloves and then adminis-
ter intrathecal medication with-
out touching the sterile access site 
(Polovich & Olsen, 2018).

(4) Cleanse the reservoir with an anti-
septic (Aiello-Laws & Rutledge, 2008; 
Elledge, 2017). The use of chlorhexi-
dine gluconate is controversial. Current 
package labeling states it is contraindi-
cated because of the risk of meningi-
tis (Sviggum et al., 2012). If chlorhexi-
dine is used as a disinfectant for intra-
ventricular chemotherapy administra-
tion, it must dry completely prior to 
accessing reservoir. Proponents of its 
use state it is has a more rapid onset 
of action, extended duration of effect, 
rare drug resistance, and little evidence 
to support its role in the development 
of meningitis (Sviggum et al., 2012).

(5) Use a 25-gauge or smaller butter-
fly (Aiello-Laws & Rutledge, 2008; 
Elledge, 2017) attached to an empty 
syringe (equal to the volume of the 
chemotherapy syringe). Some prac-
tices recommend the use of a stopcock. 
Never use a vacutainer (Aiello-Laws & 
Rutledge, 2008).

(6) Palpate the reservoir. Pump the reser-
voir three to four times to fill the res-
ervoir with cerebrospinal fluid.

(7) Insert the butterfly at a 45°–90° angle 
into the ventricular reservoir. Once 
it is inside the dome of the reservoir, 
decreased resistance should be felt.

(8) Aspirate. If blood is present, stop and 
withdraw needle. If blood is not pres-
ent, slowly withdraw cerebrospinal fluid 
equal to the volume of chemotherapy 
to be administered (Aiello-Laws & Rut-
ledge, 2008; Elledge, 2017).

(9) Examine the cerebrospinal fluid. If it is 
cloudy or bloody, do not proceed. Dis-
continue the procedure and notify the 

healthcare provider. Anticipate orders 
to send a specimen for tests.

(10) If the cerebrospinal fluid is clear, slowly 
administer the chemotherapy.

(11) Flush with reserved cerebrospinal 
f luid or preservative-free normal 
saline (Aiello-Laws & Rutledge, 2008; 
Elledge, 2017).

(12) Remove the needle.
(13) Apply pressure with a sterile gauze.
(14) Pump the reservoir three to five times. 

This distributes the medication into 
the cerebrospinal fluid.

(15) Apply a sterile dressing.
(16) Postprocedure care

(a) No consistent recommendations 
can be made regarding the patient’s 
position following the procedure.

(b) Take vital signs.
(c) Assess for complications, includ-

ing headache, nausea, vomiting, 
seizures, and change in neuro-
logic status.

g) Other considerations: Patient education
(1) Instruct the patient to notify the health-

care provider if headache, nausea, vom-
iting, neck stiffness, or other neuro-
logic symptoms develop.

(2) Instruct the patient to avoid trauma to 
the ventricular reservoir site.

7. Intravesical (bladder)
a) Intravesical chemotherapy is the regional 

administration of chemotherapy directly into 
the bladder. The medication is administered 
through a catheter and can be done intraop-
eratively, immediately postoperatively, and 
weekly in the outpatient area.

(1) Indicat ions include superf icial, 
non–muscle-invasive bladder cancer 
(NCCN, 2018d).

(2) Commonly used agents include bacil-
lus Calmette-Guérin (BCG), epiru-
bicin, mitomycin C, and valrubicin 
(NCCN, 2018d).

b) Pretreatment assessment
(1) Vital signs
(2) Urinalysis prior to each treatment, 

assessing for urinary tract infection 
(American Urological Association & 
Society of Urologic Nurses and Asso-
ciates, 2015)
(a) If bacteriuria is present on 

high-power field or greater than 
five white blood cells are present 
on high-power field and/or gross 
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hematuria is noted and the patient 
is symptomatic, hold treatment.

(b) Notify the prescriber.
(c) Send urine for culture, as ordered.
(d) Discuss findings with the prescrib-

ing clinician. Microscopic hema-
turia only or isolated white blood 
cells in an otherwise asymptom-
atic patient should not preclude 
treatment.

(3) Gross hematuria
(4) History of difficult or painful cathe-

terization
(5) Signs and symptoms of urinary fre-

quency, inability to hold urine
(6) For BCG: BCG is a live, attenuated form 

of tuberculosis. Assess for the following 
contraindications to treatment (Ameri-
can Urological Association & Society of 
Urologic Nurses and Associates, 2015):
(a) Within 14 days following blad-

der or prostatic surgery, includ-
ing biopsy

(b) Within 14 days following traumatic 
catheterization

(c) Traumatic catheterization or gross 
hematuria day of treatment

(d) Active tuberculosis
(e) Immunosuppressed patients with 

congenital or acquired immune 
deficiency, whether due to con-
current disease (e.g., AIDS, leu-
kemia, lymphoma), cancer ther-
apy (e.g., cytotoxic drugs, radia-
tion), or immunosuppressive ther-
apy (e.g., corticosteroids)

(f) Symptomatic urinary tract infec-
tion

(g) Fever
c) System safeguards to prevent errors and man-

age emergencies: See Chapter 12 for safe han-
dling precautions with HDs.

d) Dosing: The dosing, duration, and frequency 
are dependent on individual patient factors 
and the regimens prescribed.

e) Verification: See section D.
f) Administration (American Urological Associ-

ation & Society of Urologic Nurses and Asso-
ciates, 2015; Washburn, 2007)

(1) For postoperative patients, obtain an 
order to discontinue any continuous 
bladder irrigations for a minimum of 
one hour before treatment.

(2) All personnel who administer HDs via 
the bladder must wear two pair of gloves 

and a gown that have been tested for 
use with HDs. Wear a face shield and 
mask (Polovich & Olsen, 2018; see 
Chapter 12).

(3) Place the patient in a supine position 
and place a plastic-backed pad under 
the patient’s hips.

(4) If the patient has had difficult or pain-
ful catheterizations in the past, apply a 
topical anesthetic as ordered.

(5) Using sterile technique, place a ure-
thral catheter and drain urine.

(6) Place a catheter plug at the end of the 
catheter until ready to administer the 
chemotherapy or immunotherapy.

(7) Syringes or bags of medication should 
have an attached CSTD for administra-
tion and disposal of body fluids. Some 
manufacturers of CSTDs also make 
adapters for catheters. The adapt-
ers consist of a cap, tubing, and slip 
connection that fits into the urethral 
catheter. The CSTD at the end of the 
syringe or tubing can be attached to 
the cap on the adapter (Polovich & 
Olsen, 2018).

(8) Inject or infuse the chemotherapy 
or immunotherapy at the prescribed 
rate. Slow the injection or infusion if 
the patient reports discomfort or blad-
der spasms.

(9) If the patient is able to retain the med-
ication for two hours, remove the cath-
eter. If not, leave the catheter in place 
and plug the end.

(10) Instruct the patient to hold the med-
ication and to not void for two hours 
(American Urological Association & 
Society of Urologic Nurses and Asso-
ciates, 2015; Washburn, 2007).

(11) Instruct the patient to rotate every 
15–30 minutes from side to back to 
other side. This distributes the medi-
cation throughout the bladder (Ameri-
can Urological Association & Society of 
Urologic Nurses and Associates, 2015; 
Washburn, 2007).

(12) After two hours, the patient may void. 
Instruct male patients to sit while void-
ing, rather than standing, for six hours 
following the administration of the 
agent to prevent splashing of the med-
ication (American Urological Associa-
tion & Society of Urologic Nurses and 
Associates, 2015; Washburn, 2007).
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(13) Assess for pain, burning, spasms, and 
difficulty in retaining the urine for two 
hours. A rare side effect is extravasa-
tion during the administration of a ves-
icant agent, which can result in severe 
pelvic pain (Nieuwenhuijzen, Bex, & 
Horenblas, 2003).

(14) If a catheter and drainage bag are in 
place, contain the entire intact urinary 
drainage system in a sealable bag, and 
discard it in the designated HD waste 
container (Polovich & Olsen, 2018).

g) Other considerations: Patient education 
(American Urological Association & Soci-
ety of Urologic Nurses and Associates, 2015; 
Washburn, 2007)

(1) Restrict intake of fluid, caffeine, and 
diuretics beginning four hours before 
the procedure.

(2) Following the procedure
(a) Sit when voiding for six hours fol-

lowing the procedure to prevent 
splashing.

(b) Increase fluid to dilute the urine.
(c) Wash any splashing on skin with 

soap and water.
(d) Wear a condom during intercourse 

until therapy is completed.
(e) For BCG, place two cups of bleach 

in the toilet after each void for six 
hours following the procedure. 
Let bleach sit in the toilet for 15 
minutes. Cover the toilet, and 
flush twice.

(f) Common side effects include 
low-grade fever, urinary frequency 
and urgency, burning with urina-
tion, and fatigue.

(g) Remove clothes if contaminated 
with urine, and wash separately.

8. Intra-arterial
a) Intra-arterial chemotherapy delivers high 

concentrations of medication directly to 
the tumor with decreased systemic expo-
sure (Royal, 2013). For all methods of deliv-
ery, the intra-arterial catheter is threaded 
directly into the artery that feeds the tumor.

(1) Indications for intra-arterial chemo-
therapy are varied; it has been used 
for cancers of the brain (carotid arte-
rial chemotherapy), liver (intra-arterial 
ports, programmable intra-arterial 
pumps, and transarterial hepatic che-
moembolization), and limbs, such as 
with sarcomas (Abdalla et al., 2013; 

Arai et al., 2015; Deschamps et al., 2010; 
Guillaume et al., 2010; Liu, Cui, Guo, 
Li, & Zeng, 2014; Matthews, Snell, & 
Coats, 2006).

(2) Agents administered intra-arterially 
are dependent on the indication but 
can include cisplatin, 5-fluorouracil, 
floxuridine, irinotecan, and mitomycin 
C (Abdalla et al., 2013; Arai et al., 2015; 
Deschamps et al., 2010; Guillaume et 
al., 2010; Liu et al., 2014).

(3) Intra-arterial chemotherapy can be 
delivered by temporary percutaneous 
catheters, intra-arterial ports, program-
mable intra-arterial pumps, or, in sur-
gery or interventional radiology, tran-
sarterial hepatic chemoembolization.

b) Pretreatment assessment/actions
(1) Prior to the placement of any type of 

arterial catheter, an angiogram or sim-
ilar dye study is done to confirm loca-
tion and arterial blood flow and to 
assess for complications.

(2) When temporary percutaneous cath-
eters are used, assess peripheral cir-
culation of the affected extremity to 
serve as a baseline (e.g., color, pulse, 
temperature).

(3) Review any laboratory values as indi-
cated for the procedure, such as com-
plete blood count and differential, 
coagulation studies, hepatic function 
tests, and renal function tests.

c) System safeguards to prevent errors and man-
age emergencies

(1) Clearly label external l ines as 
intra-arterial and intravenous to prevent 
accidental administration of medica-
tions via the wrong route (ISMP, 2013a).

(2) When administering medications and 
fluids, trace all catheters and lines from 
the access site into the patient’s body 
(ISMP, 2013a).

(3) Route intra-arterial tubing and IV tub-
ing to different sides of the bed or chair.

(4) Infuse any intra-arterial fluids through 
tubing without injection ports (Hart-
kopf Smith, 2017).

(5) Immediately prior to administra-
tion, reclarify if the medication is 
ordered to be given intravenously or 
intra-arterially.

(6) Use Luer-lock connections on tub-
ing, and tape all connections securely 
(Hartkopf Smith, 2017).
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(7) For temporary percutaneous catheters, 
immobilize the extremity as indicated 
to prevent accidental catheter dislodg-
ment (Hartkopf Smith, 2017).

d) Dosing: The dosing, duration, and frequency 
are dependent on individual patient factors 
and the regimens prescribed.

e) Verification: Verify the location of the cath-
eter tip by reviewing imaging or operative 
reports.

f) Administration
(1) All personnel who administer HDs via 

this route must wear two pair of gloves 
and a gown that have been tested for 
use with HDs. Wear a mask with face 
protection (Polovich & Olsen, 2018; 
see Chapter 12).

(2) Temporary percutaneous catheters
(a) Temporary percutaneous cathe-

ters have been used for regional 
limb perfusions, carotid artery 
infusions, and hepatic artery infu-
sions (Hartkopf Smith, 2017).

(b) They are often placed in radiol-
ogy. The catheter may remain in 
place for minutes, hours, or sev-
eral days.

(c) The most common insertion 
sites are the brachial and femo-
ral arteries (Abdalla et al., 2013; 
Basile, Carrafiello, Ierardi, Tsetis, 
& Brountzos, 2012).

(d) Depending on the location and 
duration of infusion, the patient 
may have activity restrictions and 
limb immobilization.

(e) Place all infusions on a pump.
(f) Assess vital signs, circulation, and 

for hematoma during the infusion 
and for at least two hours after the 
catheter is discontinued.

(3) Intra-arterial ports: Intra-arterial ports 
have been used for hepatic arterial 
infusions, most often connected to 
an ambulatory infusion pump (Des-
champs et al., 2010).
(a) The portal body is placed subcu-

taneously, and the port catheter 
is threaded into the designated 
artery.

(b) Ambulatory infusion pumps have 
been used for the delivery of med-
ication.

(c) Currently, no ports manufactured 
in the United States are specifically 

designed for intra-arterial admin-
istration of chemotherapy.

(4) Programmable, implanted intra- 
arterial pumps: Hepatic artery infu-
sion pumps are used to administer 
chemotherapy for colon cancer that 
has metastasized to the liver (Parks & 
Routt, 2015).
(a) The chemotherapy commonly 

infused through an intra-arterial 
pump is 5-fluorodeoxyuridine.

(b) At the time of this publication, an 
implanted pump is approved for 
this indication—the Codman® 
3000 implantable constant-flow 
infusion pump (Codman & Shur-
tleff, Inc., 2003). The pump is 
connected to an arterial catheter 
threaded into the hepatic artery.

i. Always verify the type and 
model of pump before admin-
istering chemotherapy.

ii. For the Codman 3000 pump
• The pump is inserted in 

surgery or interventional 
radiology. It is placed in a 
subcutaneous pocket, and 
the catheter is threaded 
into the hepatic artery.

• The pump rate is con-
stant and cannot be pro-
grammed. To change the 
dose of medication, the 
concentration is changed.

• Always verify the rate of 
administration by review-
ing the product informa-
tion. The rate varies with 
the pump model and indi-
vidual patient character-
istics.

• Always verify the reservoir 
volume before administer-
ing medication. The vol-
ume varies with the model.

• Both boluses and continu-
ous infusions can be used. 
A different needle is used 
for each.

• Pumps generally must be 
refilled every two weeks. A 
common schedule is two 
weeks of chemotherapy 
then two weeks of hepa-
rinized saline.
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• A special, straight non-
coring needle is used to 
access the septum in the 
pump. Refer to specific 
pump instructions for 
more information on the 
procedure.

9. Intrapleural route
a) Treatment for patients with malignant pleu-

ral tumors (e.g., pleural mesothelioma) and 
other malignant effusions resulting from a 
variety of cancer types (e.g., lung, breast, 
pancreatic) includes chemotherapy, thora-
centesis, pleurodesis with a sclerosing agent, 
insertion of an indwelling pleural drainage 
catheter, surgical procedures, and radia-
tion (Feller-Kopman et al., 2018). Multiple 
agents, including chemotherapy and antibi-
otics, have been used as sclerosing agents in 
patients with a malignant pleural effusion; 
however, medical-grade talc is considered the 
safest and most effective agent (Clive, Jones, 
Bhatnagar, Preston, & Maskell, 2016). For 
patients in whom chemical pleurodesis has 
failed or those with a nonexpandable lung, an 
indwelling pleural catheter is recommended 
(Feller-Kopman et al., 2018).

(1)  Ability to instill agent directly into the 
pleural area where primary or meta-
static tumor resides

(2) Palliation of symptoms (e.g., dyspnea 
on exertion) for patients with malig-
nant pleural effusions

b) Pretreatment assessment in addition to the 
general assessment prior to chemotherapy

(1) Requires insertion of a thoracotomy 
tube

(2) The effusion fluid is completely drained 
from the pleural cavity before instilla-
tion of the agent, and daily drainage is 
less than 150 ml (Cope, 2018).

c) System safeguards to prevent errors and man-
age emergencies: Intrapleural chemother-
apy administration must be performed by 
an authorized prescriber.

d) Dosing: The sclerosing agent is dissolved in 
100–150 ml of normal saline.

e) Verification: See section D.
f) Administration

(1) Use personal protective equipment if 
agent being instilled is hazardous.

(2) Maintain aseptic technique.
(3) Allow the agent to remain for the pre-

scribed dwell time if applicable. If fluid 
is drained and the agent was hazard-

ous, handle fluid using appropriate per-
sonal protective equipment and waste 
disposal (Polovich & Olsen, 2018).

(4) Observe for signs and symptoms of 
respiratory distress, pneumothorax, 
infection, and pain.
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CHAPTER 12

Safe Handling of Hazardous Drugs

A. Safe handling and disposal of hazardous drugs (HDs)
1. Many drugs used in the treatment of cancer are 

hazardous to healthcare workers (HCWs). The 
term hazardous describes drugs that require spe-
cial handling because occupational exposure may 
cause adverse health effects. These effects occur 
because of the inherent toxicities of the drugs 
(American Society of Health-System Pharma-
cists [ASHP], 2006; National Institute for Occu-
pational Safety and Health [NIOSH], 2004).

2. According to the Occupational Safety and Health 
Administration (OSHA, 2016), a safe level of occu-
pational exposure to HDs is unknown. HCWs 
who handle HDs are likely exposed to multiple 
agents on any given day, and no reliable method 
for monitoring work-related exposure exists.

3. Therefore, it is imperative that those who work 
with HDs adhere to practices designed to mini-
mize occupational exposure.

B. Definition of HDs
1. In 1990, ASHP (then known as the American 

Society of Hospital Pharmacists) provided the 
first definition of HDs, which consisted of the first 
five characteristics; NIOSH (2004, 2010, 2012, 
2016b) refined the definition by adding the sixth.

2. Drugs are considered hazardous if they demon-
strate one or more of the following characteris-
tics in humans or animals:
a) Carcinogenicity
b) Teratogenicity or developmental toxicity in 

a fetus
c) Reproductive toxicity
d) Organ toxicity at low doses
e) Genotoxicity
f) New drugs similar in structure or toxicity to 

drugs classified as hazardous using the pre-
ceding criteria

C. Potential adverse health effects associated with occu-
pational exposure to antineoplastic agents
1. An increased occurrence of cancer in exposed 

nurses and other HCWs. Published evidence 

regarding cancer among occupationally exposed 
nurses and other HCWs (Blair et al., 2001; Han-
sen & Olsen, 1994; Levin, Holly, & Seward, 1993; 
Martin, 2005; Petralia, Dosemeci, Adams, & 
Zahm, 1999) is limited because of the failure to 
connect exposure to health outcomes. The Inter-
national Agency for Research on Cancer (2018) 
publishes independent assessments of the carci-
nogenic risks of chemicals and has identified 11 
antineoplastic drugs and several combination 
chemotherapy regimens as known human car-
cinogens. Other antineoplastic agents are clas-
sified as probable or possible carcinogens (see 
Table 12-1).

2. Structural defects in a fetus following occupa-
tional HD exposure during pregnancy (Hem-
minki, Kyyrönen, & Lindbohm, 1985; Peelen, 
Roeleveld, Heederik, Kromhout, & de Kort, 
1999). No studies of congenital malformations 
have been done that report data collected after 
2000 (Connor, Lawson, Polovich, & McDiar-
mid, 2014).

3. Adverse reproductive outcomes, including mis-
carriage (Lawson et al., 2012), infertility (Frans-
man et al., 2007; Martin, 2005), preterm births, 
and learning disabilities in offspring of nurses 
exposed to HDs during pregnancy (Martin, 
2005)

4. Chromosomal damage (Buschini et al., 2013; 
Villarini et al., 2011), chromosomal aberrations 
(El-Ebiary, Abuelfadl, & Sarhan, 2013; McDiar-
mid, Oliver, Roth, Rogers, & Escalante, 2010; 
McDiarmid, Rogers, & Oliver, 2014; Moretti 
et al., 2015; Santovito, Cervella, & Delpero, 
2014), and increased frequency of micronuclei 
(Bouraoui et al., 2011; El-Ebiary et al., 2013; 
Ladeira et al., 2014; Moretti et al., 2015; Vil-
larini et al., 2016) in HCWs following expo-
sure to HDs

5. Acute symptoms such as hair loss, abdominal 
pain, fatigue, nausea, nasal irritation or sores, 
contact dermatitis, allergic reactions, skin injury, 
and eye injury (Baykal, Seren, & Sokmen, 2009; 
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Constantinidis et al., 2011; Meyer & Skov, 2010) 
and changes in blood work (Caciari et al., 2012) 
among exposed HCWs

D. Potential adverse health effects associated with 
occupational exposure to immunotherapeutic 
agents
1. Limited data are available regarding the effects 

of occupational exposure to these agents. It is 
unclear whether the criteria in the definition of 
HDs are adequate for protein-based or bioengi-
neered drugs (Halsen & Krämer, 2011; NIOSH, 
2016b). Novel viral-based therapies require con-
tact isolation and the use of personal protec-
tive equipment (PPE) for infection prevention 
because patients may shed the viruses (Mar-
tin, 2017).

2. Most biologic agents do not affect DNA and thus 
do not cause genetic changes.

3. Antiangiogenic agents (e.g., thalidomide, 
lenalidomide) pose a risk to fetuses (Celgene 
Corp., 2017a, 2017b).

4. Several targeted agents meet one or more of the 
criteria in the NIOSH definition of HDs and 
should be handled as hazardous (e.g., handled 
with PPE and not crushed). Refer to the most 
recent NIOSH publication for a list of these 
agents (NIOSH, 2016b).

5. Monoclonal antibodies (mAbs): Harm from 
occupational exposure to mAbs is minimal 
because of the low likelihood of internalizing 
the large molecules through the usual exposure 
routes (Halsen & Krämer, 2011).
a) NIOSH does not list all drugs in the classifi-

cation of mAbs as hazardous; instead, each 
drug is compared to the criteria in the def-
inition of HDs.

b) Pertuzumab is hazardous because of 
embryo-fetal death (NIOSH, 2016b).

c) Conjugated mAbs are hazardous because of 
the attached radioactive isotopes (e.g., tosi-
tumomab) or toxins (e.g., ado-trastuzumab, 
brentuximab vedotin, gemtuzumab ozo-
gamicin).

d) Based on mechanism of action, some mAbs, 
including alemtuzumab, bevacizumab, 
cetuximab, panitumumab, rituximab, and 
trastuzumab, may cause developmental 
toxicity (Halsen & Krämer, 2011); however, 
NIOSH does not classify these agents as HDs.

E. NIOSH List of Antineoplastic and Other Hazardous Drugs 
in Healthcare Settings, 2016
1. NIOSH provides a list of HDs, as well as peri-

odic updates, at www.cdc.gov/niosh/topics/ 
hazdrug.

2. The list is divided into three groups:
a) Group 1 is antineoplastic drugs that meet 

one or more of the criteria for HDs. This 
group includes chemotherapy agents, tar-
geted agents, and other biologic drugs used 
in cancer treatment.

b) Group 2 is nonantineoplastic drugs that meet 
one or more of the criteria for HDs. This 
group includes drugs from several catego-
ries, including immunosuppressant agents, 
antivirals, several anticonvulsants, estrogens, 
progestins, and androgens.

c) Group 3 is nonantineoplastic drugs with pri-
marily reproductive effects. These are drugs 
from different classifications that are harm-
ful to men and women who are actively try-

Table 12-1. Antineoplastic Agents Classified  
as Carcinogens

Exposure Risk Antineoplastic Drugs

Group 1: Carcino-
genic to humans

Arsenic trioxide
Azathioprine
Busulfan
Chlorambucil
Cyclophosphamide
Etoposide
Etoposide in combination with cisplatin
Melphalan
MOPP (mechlorethamine hydrochlo-

ride, vincristine, procarbazine, and 
prednisone)

Other combined chemotherapy includ-
ing alkylating agents

Semustine
Tamoxifen
Thiotepa
Treosulfan

Group 2A: Proba-
bly carcinogenic to 
humans

Azacitidine
Carmustine
Cisplatin
Doxorubicin
Lomustine
Nitrogen mustard
Procarbazine
Teniposide

Group 2B: Possi-
bly carcinogenic to 
humans

Amsacrine
Bleomycin
Dacarbazine
Daunorubicin
Mitomycin
Mitoxantrone
Streptozocin

Note. Based on information from International Agency for Research on 
Cancer, 2018.

http://www.cdc.gov/niosh/topics/hazdrug
http://www.cdc.gov/niosh/topics/hazdrug
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ing to conceive, and women who are preg-
nant or breastfeeding.

F. Routes of occupational exposure
1. Absorption through skin or mucous mem-

branes following direct drug contact or con-
tact with surfaces or objects that are contami-
nated with HDs
a) Many studies reported measurable levels 

of cytotoxic agents in the urine of HCWs, 
most likely from dermal absorption (Con-
nor et al., 2010; Friese et al., 2014; Hama, 
Fukushima, Hirabatake, Hashida, & Kata-
oka, 2012; Hon, Teschke, Shen, Demers, 
& Venners, 2015; Miyake, Iwamoto, Tan-
imura, & Okuda, 2013; Ndaw, Denis, Marsan, 
d’Almeida, & Robert, 2010; Pieri et al., 2010; 
Ramphal, Bains, Vaillancourt, Osmond, & 
Barrowman, 2014; Sabatini, Barbieri, Lodi, 
& Violante, 2012; Sottani, Porro, Comelli, 
Imbriani, & Minoia, 2010; Sugiura, Asano, 
Kinoshita, Tanimura, & Nabeshima, 2011; 
Yoshida et al., 2011).

b) Multiple studies have documented contam-
ination of surfaces with HDs in drug prep-
aration areas, drug administration areas, 
and patient care areas (Berruyer, Tanguay, 
Caron, Lefebvre, & Bussières, 2015; Bus-
sières, Tanguay, Touzin, Langlois, & Lefe-
bvre, 2012; Chu, Hon, Danyluk, Chua, & 
Astrakianakis, 2012; Connor et al., 2010; 
Kopp, Schierl, & Nowak, 2013; Ladeira et 
al., 2014; Maeda et al., 2010; Miyake et al., 
2013; Moretti et al., 2015; Ramphal et al., 
2014; Sottani, Porro, Imbriani, & Minoia, 
2012; Sugiura et al., 2011; Villarini et al., 
2011; Yoshida et al., 2011). These findings 
indicate that nurses may be exposed if they 
do not wear PPE when touching surfaces 
contaminated with HD residue.

c) Several researchers have reported drug 
contamination on the outside of drug vials 
when delivered by the manufacturers (Con-
nor et al., 2005; Fleury-Souverain, Nussbau-
mer, Mattiuzzo, & Bonnabry, 2014; Hama et 
al., 2012; Kopp et al., 2013; Schierl, Herwig, 
Pfaller, Groebmair, & Fischer, 2010). Cyclo-
phosphamide, 5-fluorouracil, ifosfamide, 
and platinum have been detected on vial 
exteriors using various sampling techniques. 
These findings indicate that HCWs may be 
exposed if they do not wear PPE while han-
dling unopened drug vials.

2. Injection from needlesticks or contaminated 
sharps (ASHP, 2006; NIOSH, 2004)

3. Inhalation of drug aerosols, dust, or droplets 
(Fent, Durgam, & Mueller, 2014; Kiffmeyer et 
al., 2002).

4. Ingestion of contaminated food, beverages, or 
tobacco products, or other hand-to-mouth behav-
ior (NIOSH, 2004)

G. Hierarchy of hazard controls aimed at reducing 
worker exposure (NIOSH, 2016a)
1. Elimination of the hazard: The highest level of 

protection from a hazardous exposure is to elim-
inate the hazard or substitute a less toxic sub-
stance for the hazardous material, but this is not 
feasible with drug therapy.

2. Engineering controls: The second highest level 
of protection is the use of engineering con-
trols—machines or equipment—that isolate or 
contain the hazard to reduce worker exposure. 
Examples include biosafety cabinets (BSCs) and 
closed-system drug-transfer devices (CSTDs).

3. Administrative controls: This third level of pro-
tection includes safe handling policies, proce-
dures, work practices, and education and train-
ing of those responsible for HD handling.

4. PPE: The lowest level of protection, consisting of 
garments that provide barriers to protect work-
ers from HDs, places the primary responsibility 
for protection on the worker.

H. Guidelines regarding PPE
1. Apparel

a) Gloves: Wear two pair of disposable gloves 
that are powder free (U.S. Food and Drug 
Administration [FDA], 2018) and have been 
tested for use with HDs.

(1) FDA requires permeation testing for 
gloves to be labeled as appropriate for 
use with chemotherapy.

(2) The ASTM International (2013) stan-
dard D6978 involves permeation test-
ing with chemotherapy drugs from sev-
eral chemical classes.

(3) Gloves that prevent HD permeation for a 
minimum of 30 minutes should be worn.

(4) Test results are printed on the glove box 
or are available from the manufacturer.

(5) Several types of materials, such as latex, 
neoprene, nitrile, and polyurethane, 
are used to make chemotherapy gloves.

(6) Tested latex gloves provide protec-
tion but should be used with caution 
because of the potential for latex sen-
sitivity.

(7) Inspect gloves for physical defects 
before use.
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(8) Remove and discard gloves immedi-
ately after use; if a tear, puncture, or 
known drug contact occurs; or after 30 
minutes of wear (ASHP, 2006; NIOSH, 
2004; U.S. Pharmacopeial Convention 
[USP], 2017).

(9) Wearing double gloves, with one pair 
under and one pair over the gown 
cuff, and carefully removing them 
reduces the opportunity for exposure 
(NIOSH, 2008).

(10) Remove outer gloves first, turning 
them inside out to prevent the con-
taminated outer surfaces from touch-
ing the inner gloves.

(11) Remove the inner gloves last after dis-
carding all contaminated items and 
PPE. Do not reuse gloves.

b) Gowns: Wear a disposable, lint-free gown 
made of a low-permeability fabric, such as 
polyethylene-coated materials (Connor, 
2006; USP, 2017).

(1) The gown should have a solid front, long 
sleeves, tight cuffs, and back closure.

(2) Discard the gown when it is knowingly 
contaminated, before leaving HD han-
dling areas, and when finished with 
HD handling.

(3) Gowns are meant for single use.
(4) Used gowns should not be hung up 

or reapplied after removal. Single-use 
gowns prevent transfer of drug con-
tamination to the environment and 
the worker’s clothing (NIOSH, 2008).

c) Respirators: Wear a NIOSH-approved filtering 
facepiece respirator, such as a fit-tested N95, or 
a powered air-purifying respirator when inha-
lation exposure is possible (NIOSH, 2016c).

(1) Two examples are when administer-
ing an aerosolized HD or cleaning an 
HD spill.

(2) If gases or vapors are present, wear 
a chemical cartridge-type respirator 
(USP, 2017).

(3) Consult the drug-specific safety data 
sheet (SDS) for the type of respirator 
appropriate for the situation. Surgical 
masks do not provide respiratory pro-
tection from HD aerosols.

d) Eye and face protection: Wear goggles and 
face shield or a combination of goggles, mask, 
and face shield that provides splash protec-
tion whenever HD splashing is possible.

(1) Examples of situations where eye and 
face protection is necessary include 

when administering HDs in an operat-
ing room, working at or above eye level, 
or when cleaning up a spill (USP, 2017).

(2) When eye and face protection is worn, 
remove it after the gown, while still 
wearing the inner gloves.

2. Situations requiring PPE: Wear PPE whenever 
HDs might be released into the environment. 
NIOSH recommends that gowns and gloves be 
worn for all HD handling activities, and that eye, 
face, and respiratory protection be used when 
splashing or inhalation exposure is possible. The 
only exception is for administering an intact tab-
let or capsule provided in a unit-dose package, in 
which case a single pair of chemotherapy-tested 
gloves is sufficient (NIOSH, 2016b). The follow-
ing situations require PPE (NIOSH, 2004):
a) Handling HD vials, ampules, or packaging 

materials
b) Introducing or withdrawing needles or dis-

pensing pins from HD vials
c) Transferring drugs from HD vials to other 

containers using needles or dispensing pins 
and syringes

d) Opening ampules of HDs
e) Administering HDs by any route
f) Handling HD leakage from tubing, syringe, 

and connection sites
g) Discontinuing infusions of HDs
h) Disposing of HDs and items contaminated 

by HDs
i) Handling the body fluids of a patient who 

has received HDs recently
j) Cleaning HD spills
k) Touching any surface that is potentially con-

taminated with HD residue

I. Storage and labeling
1. In clinical areas

a) Store chemotherapy drug containers in a 
designated location that limits exposure of 
HCWs and provides appropriate storage con-
ditions (e.g., temperature, light).

b) Use a distinct label on all HD containers to 
indicate the hazardous nature of the con-
tents (OSHA, 2016).

c) Have access to instructions (e.g., SDSs) 
regarding what to do in the event of acciden-
tal HD exposure.

d) Check HD containers before taking them 
from the storage area to ensure that the 
packaging is intact and to detect any leak-
age or breakage.

2. Patient instructions for HD safety in the home 
(Polovich & Olsen, 2018; see Figure 12-1)
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Figure 12-1. Safe Management of Chemotherapy in the Home

You are getting medicine used to treat cancer (chemotherapy, or “chemo”). You must be careful to make sure other people do not acci-
dentally touch the drugs or your body waste for a time after treatment. This form teaches you and your family how to protect others from 
the chemo and how to handle the waste from the chemo in your home.

Chemo Drugs Are Dangerous
Chemo drugs are strong chemicals. Only patients who need chemo for treatment should take or touch the drugs. Items that touch the 
medicines (such as syringes and needles) are contaminated with chemo. Regardless of how you take the medicines, chemo remains in 
your body for many hours and sometimes days after your treatment. Your body will get rid of the drugs in your urine or stool. Traces of 
chemo also may be present in vomit.

Disposal of Chemo
Dispose of items contaminated with chemo separately from other trash. If required, the company supplying your medicines and equip-
ment will give you a hard plastic container labeled with “Chemotherapy Waste” or a similar warning. Place equipment and gloves that 
have touched chemo into this container after use. If the waste is too large to fit in the plastic container, place it in a separate plastic bag 
and seal it tightly with rubber bands. Place sharp objects in the hard plastic container. The company will tell you who will pick up the dis-
posal container.

Body Waste
You may use the toilet (septic tank or sewer) as usual. Flush twice with the lid closed for 48 hours after receiving chemo. Wash your 
hands well with soap and water afterward, and wash your skin if urine or stool gets on it. Pregnant women, children, and pets should 
avoid touching chemo or contaminated waste.

Laundry
Wash your clothing or linen normally unless they become soiled with chemo or body fluids, such as urine, stool, or vomit. If that hap-
pens, put on disposable gloves and handle the laundry carefully to avoid getting chemo on your skin. If you do not have a washer, place 
soiled items in a plastic bag until they can be washed.

Skin Care
Chemo spilled on skin may be irritating. If this happens, thoroughly wash the area with soap and water, then dry. If redness lasts for 
more than one hour or if a rash occurs, call your doctor. To prevent chemo from being absorbed through the skin, wear gloves when 
working with chemo, chemo-soiled equipment, or waste.

Eye Care
If any chemo splashes into your eyes, flush them with water for 10–15 minutes and notify your doctor.

Questions and Answers
Is it safe for family members to have contact with me during my chemo treatment?
Yes. Eating together, enjoying favorite activities, hugging, and kissing are all safe.

Is it safe for my family to use the same toilet as I do?
Yes. As long as you clean any chemo waste from the toilet seat, sharing is safe.

What should I do if I do not have control of my bladder or bowels?
Use a disposable, plastic-backed pad, diaper, or sheet to soak up urine or stool. Change immediately when soiled, and wash skin with 
soap and water. If you have an ostomy, your caregiver should wear gloves when emptying or changing the bags. Discard disposable 
ostomy supplies in the chemo waste container.

What if I use a bedpan, urinal, or commode?
Your caregiver should wear gloves when emptying body wastes. Rinse the container with water after each use, and wash it with soap 
and water at least once a day.

What if I vomit?
Your caregiver should wear gloves when emptying the basin. Rinse the container with water after each use, and wash it with soap and 
water at least once a day.

Is it safe to be sexually active during my treatment?
Ask your doctor or your nurse this question. Traces of chemo may be present in vaginal fluid and semen for up to 48 hours after treat-
ment. Special precautions may be necessary.

(Continued on next page)
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a) Keep HDs out of reach of children and pets.
b) Store HDs in containers that provide protec-

tion from puncture or breakage.
c) Label HD containers to indicate the hazard-

ous nature of their contents.
d) Provide instructions listing the procedure for 

handling a damaged HD container.
e) Store HDs in an area free of moisture and tem-

perature extremes. Some HDs may require 
refrigeration.

f) Provide HD spill kits and instructions for 
their use.

g) Give verbal and written instructions about 
handling and storage of HDs, disposing of 
HD waste, and what to do with unused drug.

J. Safe handling precautions during compounding
1. Maintain sterile technique during the prepara-

tion of parenteral drugs. USP (2015) General 
Chapter 797 describes standards for the prepa-
ration of sterile products, including HDs. The 
environment in which sterile HD preparation 
takes place must meet all requirements for ven-
tilation, including air exchanges per hour, par-
ticle counts, and negative pressure. See USP 
(2015) for the full standards.

2. Chemotherapy drugs
a) Prepare sterile cytotoxic drugs in a contain-

ment primary engineering control (C-PEC) 
that protects parenteral doses from microbial 
contamination and the environment from 
HD contamination (ASHP, 2006; NIOSH, 
2004; USP, 2015, 2017). The two main types 
of C-PECs are BSCs and compounding asep-
tic containment isolators (CACIs).

(1) A BSC has an open front, inward air-
flow that creates an air barrier to pre-
vent HD contaminants from escap-
ing, and HEPA-filtered airflow to min-
imize bacterial contamination of ster-
ile preparations.

(2) A CACI is an enclosed cabinet that 
does not allow air exchange with the 
environment except through a HEPA 
filter, with attached sleeves and gloves 
through which the operator performs 
drug manipulations.

(3) Requirements for C-PECs
(a) Must be located in a containment 

secondary engineering control, 
which is an area that is physically 
separate from other preparation 
areas and is at negative pressure to 
an adjacent ante area (USP, 2017)

(b) Must eliminate exhaust through a 
HEPA filter and be vented to the 
outside (ASHP, 2006; NIOSH, 
2004; USP, 2017)

(c) Must be used by individuals 
trained to employ techniques that 
reduce contamination

(d) Must be cleaned, decontaminated, 
and disinfected at the end of drug 
preparation or immediately if a 
spill occurs (USP, 2017)

(e) Must be serviced according to the 
manufacturer’s recommendations

(f) Must be recertified after reloca-
tion, repair, filter replacement, 
and/or every six months (National 

Figure 12-1. Safe Management of Chemotherapy in the Home (Continued)

How should I store chemo at home?
You should store chemo and equipment in a safe place, out of reach of children and pets. Do not store chemo in the bathroom, as high 
humidity may damage the drugs. Check medicine labels to see if your chemo should be kept in the refrigerator or away from light. Be 
sure all medicines have complete labels.

Is it safe to dispose of chemo in the trash?
No. Chemo waste is dangerous and requires separate handling. If you are receiving IV chemo at home, you should have received a spe-
cial waste container for the chemo and equipment. This includes used syringes, needles, tubing, bags, cassettes, and vials. This container 
should be hard plastic and labeled with “Chemotherapy Waste” or a similar warning. Follow disposal instructions from your healthcare team.

Can I travel with my chemo?
Yes. Usually, traveling is no problem. Some chemo requires special storage (such as refrigeration), so you may need to make special 
arrangements. Check with your nurse, doctor, or medicine supplier for further instructions. Regardless of your means of travel (airplane, 
car, or other), always seal your chemo drugs in a plastic bag.

What should I do if I spill some chemotherapy?
You will have a spill kit if you are receiving IV chemo at home. In the event of a chemo spill, open the spill kit and put on two pairs of 
gloves, the mask, gown, and goggles. Absorb the spill with the disposable sponge. Clean the area with soap and water. Dispose of all 
the materials—including gloves, mask, gown, and goggles—in the chemo waste container.
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Sanitation Foundation, 2016; 
OSHA, 2016)

(g) The exhaust fan of a BSC must 
operate continuously (ASHP, 
2006; National Sanitation Foun-
dation, 2016; USP, 2017) except 
when the BSC is being repaired 
or moved. After the fan has been 
off, the BSC should be decontam-
inated before use.

b) When unsterile HDs are being prepared, 
such as oral drugs that require compound-
ing or crushing, a separate C-PEC should be 
used (NIOSH, 2016b; USP, 2017). For occa-
sional use, the same C-PEC designated for 
sterile preparations may be used, but it must 
be decontaminated, cleaned, and disinfected 
afterward (USP, 2017).

c) Wash hands before donning PPE.
d) Wear chemotherapy-tested PPE.
e) If desired, place a sterile, plastic-backed, 

absorbent pad on the work surface.
f) Limit the number of items placed in the 

C-PEC to avoid interfering with airflow 
(ASHP, 2006).

g) Use safe technique when opening ampules 
(ASHP, 2006).

(1) Clear fluid from the ampule neck.
(2) Tilt the ampule away from yourself.
(3) Wrap gauze or an alcohol pad around 

the neck of the ampule.
(4) Break the ampule in the direction away 

from yourself.
(5) Use a filtered needle to withdraw fluid.

h) When reconstituting drugs from vials, avoid 
pressure buildup, which can result in the 
release of drug aerosols. A CSTD is recom-
mended (USP, 2017). According to NIOSH 
(2004), a CSTD is “a drug transfer device 
that mechanically prohibits the transfer of 
environmental contaminants into the sys-
tem and the escape of hazardous drug or 
vapor concentrations outside the system” 
(p. 44). CSTDs are supplementary engi-
neering controls and do not eliminate the 
need for a C-PEC or PPE (NIOSH, 2004; 
USP, 2017).

i) Use tubing and syringes with Luer-lock fit-
tings.

j) Avoid filling syringes more than three-fourths 
full (ASHP, 2006). An overfilled syringe may 
separate from the plunger end.

k) Spike IV bags and prime tubing with com-
patible f luid before adding cytotoxic drugs 
(ASHP, 2006; OSHA, 2016) or use a CSTD 

to minimize leakage and exposure (Har-
rison, Peters, & Bing, 2006; Sessink, Con-
nor, Jorgenson, & Tyler, 2011; Sessink, 
Trahan, & Coyne, 2013; Siderov, Kirsa, & 
McLauchlan, 2010; Yoshida et al., 2013). 
Glass IV bottles should not be used for 
HDs because of the need for venting and 
the potential for breakage, both of which 
can result in exposure.

l) Other activities that should not be performed 
outside of a C-PEC

(1) Expelling air from an HD-filled syringe
(2) Spiking IV bags containing HDs with 

IV tubing
(3) Priming IV tubing with HDs
(4) Crushing HD tablets

m) Place a label on each HD container that says 
“Cytotoxic Drug” or a similar distinct warning.

n) Wipe the outside of the HD container (e.g., 
syringe, IV bag) with a moistened wipe before 
placing it in a sealable bag for transport. The 
act of wiping the final preparation will phys-
ically remove surface contamination (ASHP, 
2006). Discard the wipe as contaminated 
waste. Avoid transferring HD contaminants 
to the outside of the transport bag.

o) Dispose of all material that has come into 
contact with an HD in a waste container des-
ignated for cytotoxic waste.

p) Remove and discard outer gloves, all other 
PPE, then the inner gloves.

q) Wash hands with soap and water before touch-
ing anything or leaving the work area.

3. Immunotherapy drugs
a) Use safe handling precautions (e.g., C-PEC, 

CSTD, PPE) for immunotherapy agents that 
are considered hazardous (NIOSH, 2016b).

b) A nuclear pharmacist prepares radiolabeled 
mAbs for infusion. Federal and state laws 
require that radiation safety warning signs 
be placed to designate the areas in which 
radioisotopes are stored or used (Iwamoto, 
Haas, & Gosselin, 2012).

K. Transporting HDs (OSHA, 2016)
1. Transport syringes containing HDs in a sealed 

container with the Luer-lock end of the syringe 
capped. Do not transport syringes with attached 
needles.

2. Select a transport receptacle that can contain HD 
spillage if dropped (e.g., a leakproof, zipper-lock 
bag), and add impervious packing material as 
necessary to avoid damage during transport.

3. Label the outermost HD receptacle with a distinct 
label to indicate that its contents are hazardous.
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4. Do not transport parenteral antineoplastic 
drugs or any liquid HDs in a pneumatic tube 
(USP, 2017).

5. Ensure that whoever transports HDs has access 
to a spill kit and is trained in HD spill cleanup.

L. Safe handling precautions during administration 
(ASHP, 2006; OSHA, 2016; Polovich & Olsen, 2018; 
USP, 2017; see Appendix G)
1. Always wear chemotherapy-tested PPE.
2. Work below eye level.
3. Ensure that a spill kit and chemotherapy waste 

container are available.
4. Use a CSTD when the dosage form allows.
5. When a CSTD cannot be used, place a dispos-

able, absorbent, plastic-backed pad on the work 
area to absorb any drug that may spill.

6. Use needles, syringes, and tubing with Luer-lock 
connectors.

7. Do not use glass bottles for HDs.
8. If priming occurs at the administration site, 

prime IV tubing with a fluid that does not con-
tain the HD or by using the backflow method.

9. After IV drug administration, remove the IV 
container with the tubing attached (NIOSH, 
2004; Polovich & Olsen, 2018). Do not remove 
the spike from IV containers to reuse tubing.

10. If using secondary tubing to administer sequen-
tial HDs, use a CSTD at the port above the pump 
so that the tubing can be safely disconnected and 
discarded with each subsequent dose.

11. Use detergent and water or cleansing wipes to 
wipe surfaces that come into contact with HDs 
(Polovich & Olsen, 2018).

12. Discard all HD-contaminated material and PPE 
in a designated chemotherapy waste container.

M. Special precautions for radioimmunotherapy (RIT)
1. Special precautions are necessary to protect 

HCWs from exposure while caring for patients 
receiving RIT. Radiation protection standards 
and regulations are determined by the U.S. 
Nuclear Regulatory Commission, FDA (radio-
pharmaceuticals), and state radiation regula-
tory agencies.

2. Occupational radiation exposure should be kept 
as low as reasonably achievable. This requires 
close collaboration between the healthcare 
team and the radiation safety officer (RSO). 
Three factors help provide protection (Iwamoto 
et al., 2012):
a) Time: Limit the amount of time spent near 

the radioactive source. Radiation exposure 
is directly proportional to the amount of 
time spent near the source. After a patient 

receives RIT, the patient is considered the 
radioactive source.

b) Distance: Maximize the amount of space 
between personnel and the radioactive 
source. Radiation exposure decreases as 
the distance from the radioactive source 
increases.

c) Shielding: Add a protective barrier between 
the radioactive source and personnel. The 
type of shielding used depends on the type 
of radiation.

3. Radiation monitoring devices are used to mea-
sure occupational exposure.
a) Monitoring of personnel: HCW monitoring 

is required by law whether a patient is treated 
as an inpatient or outpatient.

(1) A film badge is the most widely used 
monitoring device. Each person car-
ing for a patient receiving radiation 
therapy should be assigned a film 
badge that is only worn within the 
work environment, is changed accord-
ing to institutional guidelines, and is 
not shared with anyone else (Iwamoto  
et al., 2012).

(2) A dosimeter is another kind of radia-
tion monitoring device. It can be a per-
sonal device or one that is shared after 
being reset.

b) Monitoring of the environment: Environ-
mental monitoring is done with a survey 
meter that reacts to the presence of ionizing 
particles. After a course of inpatient RIT is 
completed and before the room is cleaned, 
the RSO surveys the room, linens, and  
trash.

N. Handling a patient’s body fluids
1. After HDs

a) In general, safe handling precautions are rec-
ommended when handling a patient’s body 
fluids for at least 48 hours after drug admin-
istration; however, some HDs may be present 
in excreta longer. For example, cyclophos-
phamide was present in the urine of patients 
for up to five days (Yuki, Ishida, & Sekine, 
2015). If information about longer excre-
tion time is known, use precautions for the 
entire time that HDs are likely to be present. 
Patients receiving oral HDs are expected to 
have HD residue in their excreta the entire 
time they are on the therapy and for at least 
48 hours after the last dose.

b) Wear double chemotherapy-tested gloves and 
a disposable gown when handling the blood, 
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emesis, urine, and feces of a patient after 
receiving HDs. Wear a face shield if splash-
ing is possible (NIOSH, 2016b).

c) For an incontinent patient, clean the patient’s 
skin well with each diaper change. Apply a 
protective barrier ointment to the skin of the 
patient’s diaper area to decrease the chance of 
skin irritation from contact with drug metab-
olites (Polovich & Olsen, 2018).

d) Flush the toilet with the lid down after dis-
posing of excreta from a patient who has 
received HDs. When a lid is not present, cover 
the open toilet with a plastic-backed pad to 
prevent splashing or release of aerosols dur-
ing flushing. There is no research to support 
the effectiveness of double flushing in reduc-
ing contamination, but this may be helpful 
with low-volume-per-flush toilets (Polovich 
& Olsen, 2018).

2. After RIT (Iwamoto et al., 2012)
a) Institute standard precautions (gloves and 

gown) when handling the patient’s body flu-
ids (e.g., sweat, saliva, urine, feces, blood, 
semen, vaginal fluid). The duration of pre-
cautions varies depending on the radionu-
clide’s half-life.

b) Consult the RSO or nuclear pharmacist for 
precautions based on the specific radioisotope.

O. Handling a patient’s linens
1. After HDs (Polovich & Olsen, 2018)

a) To the extent possible, preclude the need for 
laundering linens and clothing by using dis-
posable linens or leakproof pads to contain 
HD-contaminated body fluids.

b) Handle HD-contaminated bed linens and 
clothing while wearing PPE as follows:

(1) In the hospital setting
(a) Handle contaminated linens with 

PPE and place into a leakproof bag.
(b) In most institutions, all linens are 

handled as contaminated by laun-
dry personnel before washing.

(2) In the home setting (Polovich & Olsen, 
2018; see Figure 12-1)
(a) Wearing gloves, place contami-

nated linens into a washable pil-
lowcase, and keep separate from 
other items.

(b) Machine wash linens and cloth 
diapers twice with regular deter-
gent, separately from other house-
hold items.

(c) Discard disposable diapers in plas-
tic bags to prevent leakage.

(d) Discard used gloves in a chemo-
therapy waste container or house-
hold trash based on local require-
ments.

2. After RIT (Iwamoto et al., 2012)
a) If body fluids are present, use standard pre-

cautions when handling the linens of a patient 
who has received RIT.

b) Keep linens in the hospital room until sur-
veyed and cleared by the RSO or nuclear 
pharmacist.

P. Disposal of HDs and materials contaminated with 
HDs
1. In the hospital setting (NIOSH, 2004)

a) Place soft contaminated materials into a seal-
able, leakproof bag or a rigid chemotherapy 
waste container marked with a brightly col-
ored label that indicates the hazardous nature 
of the contents.

b) Use puncture-proof containers for sharp 
or breakable items. Dispose of needles and 
syringes intact; do not break or recap nee-
dles or crush syringes.

c) Seal containers when full.
d) Do not dispose of drug-contaminated items 

in infectious waste (red) containers. Some 
facilities autoclave these materials (NIOSH, 
2004; Smith, 2002), which does not deacti-
vate HDs.

e) Follow institutional policy regarding disposal 
of partial doses of HDs when administration 
is interrupted. Some drugs (e.g., chlorambu-
cil, cyclophosphamide) must be discarded as 
hazardous waste in designated containers if 
the container is not empty (Residues of Haz-
ardous Waste in Empty Containers, 2011).

f) Only housekeeping personnel who have 
received instruction in safe handling proce-
dures should handle chemotherapy waste con-
tainers. These personnel should wear gowns 
with cuffs and a back closure and two pairs 
of disposable chemotherapy-tested gloves.

2. In the home setting (Polovich & Olsen, 2018; 
see Figure 12-1)
a) Some agencies that provide HDs arrange for 

proper disposal of contaminated equipment.
b) Follow all the instructions applicable to the 

hospital setting except those related to han-
dling the filled waste container (if provided).

c) Designate an area away from children and 
pets where filled containers are placed for 
pickup.

d) Follow county and state regulations regarding 
the disposal of chemotherapy waste.
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Q. Procedures following acute HD exposure
1. Accidents, improper technique, faulty equip-

ment, or negligence in C-PEC operation can 
lead to exposure.

2. Initial interventions
a) In the event of skin exposure: Remove any 

contaminated garments and immediately 
wash contaminated skin with soap and 
water. Refer to the SDS for agent-specific 
interventions.

b) In case of eye exposure: Immediately flush the 
eye with saline solution or water for at least 15 
minutes (ASHP, 2006), then seek emergency 
treatment. Ideally, each area where HDs are 
handled should contain an eyewash station. 
An acceptable alternative is a sterile saline 
IV container connected to IV tubing.

c) In the event of inhalation exposure, move 
away from the area of exposure as quickly 
as possible. Depending on the severity of 
symptoms, seek emergency treatment from 
an employee health professional or emer-
gency department. Refer to the SDS for 
agent-specific interventions.

d) For accidental ingestion, do not induce vom-
iting unless indicated in the SDS. Depend-
ing on the severity of symptoms, seek emer-
gency treatment from an employee health 
professional or emergency department. Refer 
to the SDS for agent-specific interventions.

3. Reporting (Polovich & Olsen, 2018)
a) Employee exposure: Report HD exposure to 

the employee health department or as insti-
tutional policy requires.

b) Patient exposure: Report the exposure as 
institutional policy requires. In addition, 
inform the patient’s healthcare providers.

R. Spill management
1. HD spills: Spills result in contamination of the 

environment and are a source of exposure for 
HCWs and others; therefore, HD spills must be 
contained and cleaned up as soon as possible 
(USP, 2017). Consider any HD leak greater than 
a few drops a spill. Spill kits must be available 
wherever HDs are stored, transported, prepared, 
or administered (see Figure 12-2). Train every-
one who is responsible for spill management in 
spill cleanup. Because a qualified person must 
be available for spill cleanup whenever HDs are 
handled (USP, 2017), many organizations train 
all HD handlers. Some facilities may choose to 
designate a hazardous materials response team 
to clean up large spills (OSHA, 2004). In case of 
a spill involving an HD, follow these procedures.

a) Assess the spill to determine the need for 
additional help with cleanup.

b) Immediately post signs warning others of 
the hazardous spill to prevent them from 
exposure.

c) Don two pairs of chemotherapy-tested gloves, 
a disposable gown, and a face shield. Wear 
shoe covers if the spill is on the floor.

d) Wear a NIOSH-approved respirator that is 
appropriate for the spilled agent (OSHA, 
2016).

e) Use items in the spill kit to contain the spill, 
such as absorbent pads, cloths, or spill con-
trol pillows.

f) Clean up the spill according to its location 
and type. Access the SDS for the spilled agent 
to determine if a deactivator is recommended 
(Gonzalez & Massoomi, 2010).

(1) To clean up a spill on a hard surface 
(ASHP, 2006)
(a) Wipe up liquids using absorbent 

pads or spill control pillows. Wipe 
up solids using wet absorbent pads.

(b) Pick up glass fragments using a 
small scoop or utility gloves worn 
over chemotherapy gloves. Do not 
use hands to pick up sharps. Place 
all sharps in a puncture-proof 
container.

(c) Place puncture-proof container 
and contaminated materials into a 
leakproof waste bag. Seal the bag. 
Place the sealed bag inside another 
bag, appropriately labeled as che-
motherapy waste. For the moment, 
leave the outer bag open.

(d) Wash the spill area thoroughly, 
from least contaminated to most 
contaminated areas, using deter-

Figure 12-2. Contents of an Antineoplastic Spill Kit

 • 2 pairs of disposable chemical-protective gloves
 • 1 pair of heavy utility gloves
 • Low-permeability, disposable protective garments (coveralls 
or gown and shoe covers)

 • Face shield
 • Respirator
 • Absorbent, plastic-backed sheets or spill pads
 • Disposable towels (3–4)
 • At least 2 sealable thick plastic hazardous waste disposal 
bags with an appropriate warning label

 • A disposable scoop for collecting glass fragments and sharps
 • A puncture-resistant container for glass fragments

Note. Based on information from American Society of Health-System 
Pharmacists, 2006.
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gent and, if recommended in the 
SDS, sodium hypochlorite solu-
tion (bleach) or a peroxide-based 
solution, based on the surface 
material and the spilled agent. 
These solutions reduce HD con-
tamination on surfaces, but no 
one product removes all residue. 
If using bleach, allow contact with 
the surface for at least 30 seconds 
and follow with a neutralizer (e.g., 
1% sodium thiosulfate). Rinse 
twice with clean water.

(e) Use fresh detergent solution to 
wash any reusable items used to 
clean up the spill and items located 
in the spill area. Use clean water 
to rinse the washed items. Repeat 
the washing and rinsing.

(f) Remove PPE and discard dispos-
able items in the unsealed chemo-
therapy waste disposal bag.

(g) Seal the outer disposal bag and 
place it in a puncture-proof che-
motherapy waste container.

(h) Follow institutional or manufac-
turer guidelines regarding clean-
ing or maintenance of equipment 
(e.g., an IV pump).

(i) Dispose of all material used in the 
cleanup process as contaminated 
waste according to institutional 
policy and federal, state, and local 
laws (ASHP, 2006).

(2) To clean up a spill on a carpeted sur-
face (note that carpet is not recom-
mended in HD administration areas) 
(ASHP, 2006)
(a) Don PPE, including a NIOSH- 

approved respirator.
(b) Use absorbent powder, not absor-

bent towels, to absorb the spill.
(c) Use a small vacuum with a HEPA 

filter (Gonzalez & Massoomi, 
2010), reserved for HD cleanup 
only, to remove the powder. Dis-
pose of the collection bag as che-
motherapy waste. Clean the out-
side of the vacuum before storing.

(d) Clean the carpet as usual.
(e) Follow guidelines for a spill on a 

hard surface to clean and dispose 
of other contaminated items.

(3) To clean up a spill in a BSC or CACI 
(ASHP, 2006)

(a) Clean the spill according to the 
guidelines for a spill on a hard sur-
face. Complete cleanup by rinsing 
the surface with sterile saline for 
irrigation.

(b) Include the drain spillage trough 
in the cleaning and decontamina-
tion efforts.

(c) If the spill contaminated the HEPA 
filter: Seal the open front of the 
BSC in plastic. Label any type of 
C-PEC as contaminated equip-
ment. Schedule a C-PEC service 
technician to change the HEPA 
filter. Ensure that the C-PEC is not 
used before the filter is replaced.

(4) To clean up a spill in the home setting: 
See Figure 12-3.

Figure 12-3. Spill Kit Procedure for Home Use

If any chemotherapy (“chemo”) spills, you need to clean it up 
as soon as possible. Spilled drugs can be harmful to people 
who do not need them for treatment.
1. Do not touch the spilled drug with bare hands.
2. Open the spill kit and put two gloves on each hand.
3. Put on the gown so that it closes in back.
4. Put on the face shield and respirator mask.
5. Use the spill pads or towels to control spill by putting them 

around the puddle to form a “V.”
6. Soak up as much of the spilled drug as possible.
7. Put the pads or towels right into a plastic waste bag from 

the spill kit. Do not put them down anywhere.
8. Use the scoop to pick up any broken glass and place it in 

the box from the spill kit. Put the box in the plastic bag.
9. While still wearing the gloves, gown, face shield, and 

mask, wash the area with dishwashing or laundry deter-
gent and water and disposable cloths or paper towels. Put 
the used cloths in the plastic waste bag.

10. Rinse the area with clean water using clean cloths. Place 
all used cloths in the plastic waste bag.

11. Remove the face shield, mask, gown, and then the gloves. 
Place them in the plastic bag and close it.

12. Place the first plastic bag into a second plastic bag and 
close it.

13. Wash your hands with soap and water.
14. If the spill occurs on sheets or clothing, handle them with 

gloves and wash them separately from other laundry. 
Wash clothing or bed linen soiled with body wastes in the 
same manner.

15. Call the home health nurse, clinic, or doctor’s office 
promptly to report the spill. They will let you know about 
plans to replace the spilled chemo to complete treatment. 
They will also arrange to pick up the waste material or tell 
you where to bring it for proper disposal.

Note. Based on information from National Institute for Occupational 
Safety and Health, 2004.
From “Home Chemotherapy Safety Procedures,” by C. Blecke, 1989, 
Oncology Nursing Forum, 16, p. 721. Copyright 1989 by Oncology 
Nursing Society. Adapted with permission.
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g) Report and document HD spills according 
to institutional policy: For any spill greater 
than a few drops, complete a report about 
the spill and forward it to those specified by 
institutional policy (ASHP, 2006). Document 
the following:

(1) Name of the drug
(2) Approximate volume of spill
(3) How the spill occurred
(4) Spill management procedures followed
(5) The names of personnel, patients, and 

others exposed to the spill
(6) A list of personnel notified of the 

spill
2. Radioactive spills: In case of a spill of a radiola-

beled mAb or contamination with the radioac-
tive body fluid of a patient recently treated with 
RIT (Iwamoto et al., 2012)
a) Restrict access to the area and contact the 

RSO immediately. Never try to clean the area 
or touch the radioactive source. Adhere to 
the principles of time, distance, and shield-
ing discussed previously.

b) Follow other applicable U.S. Nuclear Regu-
latory Commission guidelines.

S. Requirements for policies regarding the handling 
of HDs
1. Occupational Safety and Health Standards 

(2004) require that employers provide a safe or 
healthful workplace. Employers must implement 
policies and procedures related to the safe han-
dling of HDs. Policies should address all aspects 
of handling these hazardous chemicals to pro-
tect employees, patients, customers, and the envi-
ronment from contamination.

2. Such policies must do the following (NIOSH, 
2004; USP, 2017):
a) Outline procedures to ensure the safe stor-

age, transport, administration, and disposal 
of hazardous agents.

b) Describe the procedure for identifying new 
HDs and updating the list of HDs used in 
the facility.

c) Require that all employees who handle HDs 
wear PPE.

d) Mandate that HDs be prepared in a BSC or 
CACI (USP, 2017).

e) Prohibit staff from eating, drinking, smoking, 
chewing gum, using tobacco, storing food, 
and applying cosmetics in areas where HDs 
are prepared or administered.

f) Mandate initial training for all employees 
who prepare, transport, or administer HDs 
or care for patients receiving these drugs 

prior to assuming these responsibilities, and 
require retraining at least annually.

g) Require training to include the risks of expo-
sure and appropriate procedures for mini-
mizing exposure. The policy should describe 
how training is documented (OSHA, 2012; 
USP, 2017).

h) Require that documents such as SDSs are 
available to HCWs who handle HDs.

i) Describe the procedures for management 
of HD spills.

j) Set forth a plan for medical surveillance of 
personnel handling HDs.

k) Ensure that employees of reproductive capa-
bility acknowledge in writing that they have 
been informed of the risks of HD exposure 
around pregnancy (USP, 2017).

l) Address HD handling for workers who are 
actively trying to conceive or who are preg-
nant or breastfeeding.

(1) Even when all recommended precau-
tions are used, the potential for acci-
dental exposure cannot be eliminated 
(Connor et al., 2010; Schierl, Böhlandt, 
& Nowak, 2009; Siderov et al., 2010; 
Turci et al., 2011).

(2) Developing fetuses and newborn 
infants may be more susceptible to 
harm from certain HDs. Therefore, an 
additional level of protection is recom-
mended for those most vulnerable to 
the reproductive and developmental 
effects of HDs (Connor et al., 2014).

(3) Employers must allow employees who 
are actively trying to conceive or who 
are pregnant or breastfeeding to refrain 
from activities that may expose them and 
their infant to reproductive health haz-
ards such as chemical, physical, or bio-
logic agents (OSHA, 2016).

(4) Alternative duty that does not include 
HD preparation or administration must 
be made available upon request to both 
men and women in the aforementioned 
situations or who have other medical 
reasons for avoiding exposure to HDs.

(5) The employee has the responsibility of 
notifying the employer of the specific 
situation (e.g., preconception, preg-
nancy, breastfeeding). The American 
College of Occupational and Environ-
mental Medicine provides guidelines 
for reproductive hazard management 
(Meyer, McDiarmid, Diaz, Baker, & 
Hieb, 2016).
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m) Define quality improvement programs that 
monitor compliance with safe handling pol-
icies and procedures.
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CHAPTER 13

Infusion-Related Complications

A. Complications during or shortly after parenteral 
administration of cancer treatment (Pérez Fidalgo 
et al., 2012)
1. Infiltration: Passage or escape of intravenously 

administered drugs into the tissue
2. Vesicant extravasation: Inadvertent leakage of 

drugs capable of causing tissue damage into the 
subcutaneous or subdermal tissue or other unin-
tended sites (e.g., pleural space)

3. Irritation: A localized inflammatory reaction at 
the infusion or injection site

4. Flare reaction: A local allergic reaction along a 
vein caused by irritating drugs

5. Infusion reactions: Reactions mediated by the 
immune system (e.g., hypersensitivity, anaphy-
laxis, cytokine release syndrome [CRS])

B. Extravasation
1. Pathophysiology: Occurs as a result of one of two 

major mechanisms
a) DNA-binding vesicants: The vesicant binds 

to nucleic acids in the DNA of healthy cells 
in the tissue, causing cell death. The dead 
cells release complexes, which are taken up 
by adjacent healthy cells. This process of cel-
lular uptake of extracellular substances cre-
ates a continuing cycle of tissue damage as 
the DNA-binding vesicant is retained and 
recirculated in the tissue for a long period of 
time (Luedke, Kennedy, & Rietschel, 1979). 
Examples of DNA-binding vesicants include 
anthracyclines (daunorubicin, doxorubicin, 
epirubicin, idarubicin), dactinomycin, mito-
mycin, mitoxantrone, and trabectedin (Krei-
dieh, Moukadem, & El Saghir, 2016; Theman 
et al., 2015).

b) Non-DNA-binding vesicants: The vesicant 
does not bind to cellular DNA. The vesicant 
has an indirect rather than direct effect on 
cells in healthy tissue. It is eventually metab-
olized in the tissue and is more easily neu-
tralized than DNA-binding vesicants (Ener, 
Meglathery, & Styler, 2004). Examples of 

non-DNA-binding vesicants include plant 
alkaloids (vinblastine, vincristine, vindesine, 
vinorelbine) and taxanes, which as a group 
have usually been classified as mild vesicants 
(Ener et al., 2004; Schrijvers, 2003; Stanford 
& Hardwicke, 2003).

(1) Taxanes
(a) Cabazitaxel (Jevtana®) infiltra-

tion had not caused skin or tis-
sue impairment in clinical trials 
or postmarketing reports at the 
time of this writing (Sanofi-Aventis 
U.S. LLC, 2016); however, clinical 
experience with this newer drug 
is limited.

(b) Docetaxel (Taxotere®) extravasa-
tion may cause hyperpigmenta-
tion, erythema, and tenderness 
(Sanofi-Aventis U.S. LLC, 2015b). 
In a case report, erythema with 
significant swelling and accompa-
nying reduction of arm range of 
motion was noted on the day fol-
lowing docetaxel extravasation 
from an implanted port. Despite 
dexamethasone and chlorphenira-
mine treatment, the erythema pro-
gressed to 18 × 15 cm in size one 
week later (Chang, Wang, Chen, 
Chen, & Wang, 2014). Recall der-
matitis at a previous docetaxel 
extravasation site, occurring dur-
ing subsequent docetaxel admin-
istration in another location, 
also has been reported (Kramer, 
Schippert, Rinnau, Hillemanns, & 
Park-Simon, 2011).

(c) Paclitaxel (Taxol®) injection site 
reactions, including reactions sec-
ondary to extravasation, are usu-
ally mild and consist of erythema, 
tenderness, skin hyperpigmen-
tation, or swelling at the injec-
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tion site. These reactions have 
been observed more frequently 
with 24-hour infusions than with 
3-hour infusions. Recurrence of 
skin reactions at a site of previous 
extravasation following adminis-
tration of paclitaxel injection at a 
different site (recall reactions) has 
been reported. More severe events, 
such as phlebitis, cellulitis, indu-
ration, skin exfoliation, necrosis, 
and fibrosis, have been reported, 
and in some cases, onset occurred 
during a prolonged infusion or was 
delayed by a week to 10 days (Teva 
Pharmaceuticals USA, Inc., 2015). 
Most clinical reports of paclitaxel 
extravasation were published in 
the first few years following its 
U.S. Food and Drug Administra-
tion approval and were reviewed by 
Stanford and Hardwicke (2003), 
who concluded that paclitaxel was 
a “mild vesicant” (p. 276). Data 
suggest that the potential for tis-
sue damage is dependent on pacli-
taxel concentration and infusion 
duration (Barbee, Owonikoko, & 
Harvey, 2014).

(d) Docetaxel and paclitaxel have 
also been classified as exfoliants, 
or drugs that may cause inflam-
mation and peeling of skin with-
out causing the underlying tissue 
death that typically occurs with 
“true” vesicants (Kreidieh et al., 
2016).

(e) Phlebitis, cellulitis, induration, 
f ibrosis, and necrosis follow-
ing extravasation of paclitaxel 
protein-bound particles for inject-
able suspension (Abraxane®) have 
been identified during postap-
proval use and reported to the 
manufacturer. In some cases, 
onset of symptoms occurred dur-
ing a prolonged infusion or was 
delayed by 7–10 days. Recurrence 
of skin reactions at a site of pre-
vious extravasation following 
administration of paclitaxel at a 
different site (recall reactions) also 
has been reported. The manufac-
turer advises monitoring the infu-
sion site closely for possible infiltra-

tion during administration (Cel-
gene Corp., 2015).

(f) The available published liter-
ature supports the safety of IV 
administration of taxanes at rec-
ommended concentrations and 
duration using peripheral venous 
access (Barbee et al., 2014). How-
ever, some patients may require 
central venous access device 
(VAD) insert ion for taxane 
administration. In some institu-
tions, paclitaxel may be admin-
istered over longer than 60 min-
utes through a peripheral line on 
an infusion pump. Institutions 
should establish monitoring pro-
cedures to minimize the risk of 
extravasation.

2. Factors affecting tissue damage severity fol-
lowing a vesicant extravasation (Schulmeis-
ter, 2011)
a) Type of vesicant extravasated (DNA-binding 

vesicants cause greater tissue damage than 
non-DNA-binding vesicants)

b) Concentration and amount of vesicant in 
the tissue (higher concentration or greater 
amount causes more damage)

c) Location of extravasation (areas with lit-
tle subcutaneous tissue and those overlying 
veins, arteries, and nerves are more likely to 
have greater damage)

d) Patient factors, such as older age, comorbid-
ity (e.g., diabetes), and impaired immuno-
competence

3. Risk factors for peripheral extravasation 
(Goolsby & Lombardo, 2006; Sauerland, Engel-
king, Wickham, & Corbi, 2006)
a) Small, fragile veins
b) Previous multiple venipunctures
c) Sensory deficits
d) Application of topical skin numbing agents 

prior to venipuncture, which decrease sen-
sation at and around the venipuncture site

e) Limited vein selection because of lymph node 
dissection, lymphedema, or limb removal

f) Impaired cognition, altered mental status 
(impairs ability to detect administration site 
sensation changes), or somnolence

g) Probing during IV catheter insertion
h) Inadequately secured IV catheter
i) Administration site in areas prone to move-

ment (e.g., wrist, antecubital area)
j) Use of rigid IV devices (e.g., steel winged 

“butterfly” needles)
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k) Prior treatment with irritating or sclerosing 
drugs, such as chemotherapy

l) Administration of a vesicant peripherally 
when the manufacturer stipulates it should 
be administered via a central line, such as tra-
bectedin (Yondelis®, Janssen Pharmaceutical 
Companies, 2015). Data suggest that trabect-
edin can be safely administered via a central 
venous catheter such as a peripherally inserted 
central catheter or other central VADs, such 
as an implanted port (Martella et al., 2015).

4. Possible etiologies of peripheral extravasations 
(Sauerland et al., 2006)
a) Vein wall puncture, piercing, or trauma
b) Dislodgment of the catheter from the vein
c) Administration of a vesicant in a vein below a 

recent (less than 24 hours) venipuncture site
d) Administration of a vesicant in a vein below 

a recent or nonhealed vesicant extravasa-
tion site

e) Inadvertent intramuscular or subcutaneous 
vesicant administration

5. Risk factors for extravasation from central VADs 
(Sauerland et al., 2006)
a) Difficulty encountered during device inser-

tion (e.g., probing during venipuncture, 
inability to advance guidewire or catheter)

b) Inadvertent slicing, piercing, or nicking of 
catheter prior to or during insertion

c) Device misplacement with catheter tip out-
side of the venous system

d) Insufficient length of noncoring needle 
(implanted port)

e) Inadequately secured noncoring needle 
(implanted port)

f) Presence of a fibrin sheath or thrombus at 
the catheter tip

g) Catheter migration
h) Long dwell time of catheters inserted using 

a subclavian approach, in which the cathe-
ter is placed between the clavicle and first rib 
(increases risk of catheter fracture second-
ary to compression or “pinch-off”)

6. Possible etiologies of extravasations from cen-
tral VADs (Gibson & Bodenham, 2013; Goos-
sens, Stas, Jérôme, & Moons, 2011; Sauerland 
et al., 2006)
a) Inadvertent misplacement of catheter tip out-

side of the venous system (e.g., pleural space) 
during insertion procedure

b) Vein perforation during insertion
c) Postinsertion vein erosion
d) Catheter leakage, rupture, or fracture
e) Separation of the catheter from a portal body 

(implanted ports)

f) Incomplete insertion of a noncoring needle 
into an implanted port

g) Noncoring needle dislodgment from an 
implanted port

h) Backflow of vesicant along the catheter to the 
venotomy site secondary to fibrin sheath or 
thrombus at the catheter tip

7. Signs and symptoms of vesicant extravasation 
(see Appendix H)
a) Vein irritation and flare reactions may mimic 

some of the signs and symptoms of vesicant 
extravasation (see Table 13-1).

b) Vein irritation and flare reactions are unique 
to peripheral chemotherapy administration; 
they do not occur when chemotherapy is 
administered via central VADs because the 
chemotherapy is rapidly diluted in large veins 
(Wickham, Engelking, Sauerland, & Corbi, 
2006). However, vesicant extravasation can 
occur from a central VAD due to inadver-
tent catheter tip placement outside of the 
venous system or erosion of the vein wall and 
may cause chest pain, shortness of breath, 
and shock secondary to blood loss (Gibson 
& Bodenham, 2013). Common terminology 
criteria for the adverse event of infusion site 
extravasation are found in Table 13-2.

c) Additional signs and symptoms of vesicant 
extravasation (Ener et al., 2004; Pérez Fidalgo 
et al., 2012)

(1) IV flow rate that slows or stops
(2) Resistance during IV bolus (push) ves-

icant administration
(3) Leaking around the IV catheter or 

implanted port needle
8. Possible consequences of untreated vesicant 

extravasation (Goolsby & Lombardo, 2006; Pérez 
Fidalgo et al., 2012)
a) Blistering (usually begins within three to 

five days)
b) Peeling and sloughing of skin (usually begins 

within two weeks after extravasation)
c) Tissue necrosis (usually evident two to three 

weeks after extravasation)
(1) DNA-binding vesicants remain in the 

tissue for long periods of time. The 
area of tissue necrosis becomes pro-
gressively larger and deeper over time.

(2) Non-DNA-binding vesicants are more 
easily metabolized in the tissue. Tis-
sue necrosis is generally localized and 
improves over time.

d) Damage to tendons, nerves, and joints
e) Functional and sensory impairment of the 

affected area
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f) Disfigurement
g) Loss of limb (rare)

9. Vesicant extravasation management: A sus-
pected vesicant extravasation is best assessed 
and managed using a systematic and collabora-
tive approach that involves the patient, the nurse 
administering the vesicant, and the prescribing 
physician. Vesicant extravasation management 
guidelines are listed in Table 13-3.
a) Initial management of extravasation: Assess 

the site and patient symptoms at the first 

sign of extravasation, during the time the 
IV device is assessed, and after initial man-
agement.

b) Steps to take when a vesicant extravasation 
occurs or is suspected (Goolsby & Lombardo, 
2006; Schulmeister, 2011)

(1) Immediately stop administering the 
vesicant and IV fluids.

(2) Disconnect the IV tubing from the IV 
device. Do not remove the IV device or 
noncoring port needle.

Table 13-1. Signs and Symptoms Associated With Vesicant Extravasation, Venous Irritation, and Flare Reaction

Sign/Symptom Vesicant Extravasation Venous Irritation Flare Reaction

Pain Immediate: Pain typically occurs and is described as 
burning, stinging, or a sensation of coolness at and 
around the vesicant administration site. However, 
some patients do not experience pain when a vesi-
cant extravasates.

Delayed: Pain usually increases in intensity over time.

Aching and tightness along 
a peripheral vein, above 
the administration site, 
occurs as the drug infuses.

No pain occurs; the skin 
overlying or above the vein 
may itch.

Redness Immediate: Redness in the area of the vesicant 
administration site commonly occurs but is not 
always present or may be difficult to detect if the 
extravasation is occurring deeper in the tissue (e.g., 
as a result of needle dislodgment from implanted 
port).

Delayed: Redness generally intensifies over time.

The vein may appear red-
dened or darkened.

Immediate blotches or 
streaks develop along the 
vein, which usually sub-
side within a few minutes. 
Wheals may appear along 
the vein.

Swelling Immediate: Swelling commonly is observed and is 
easier to detect when extravasation is superficial 
(e.g., from a peripheral vein) rather than deep in the 
tissue (e.g., implanted ports).

Delayed: Swelling typically increases over time.

Swelling does not occur. Swelling does not occur.

Blood return Immediate: Loss of blood return from IV device 
occurs.

Blood return should be 
present. If loss of blood 
return occurs, suspect infil-
tration of irritant.

Blood return is present.

Ulceration Immediate: Skin integrity is intact.
Delayed: If vesicant extravasation is not treated, blis-

tering and sloughing begin within 1–2 weeks, fol-
lowed by tissue necrosis that may require surgical 
debridement and skin grafting or flap placement.

Ulceration does not occur. Ulceration does not occur.

Note. Based on information from Goolsby & Lombardo, 2006; Sauerland et al., 2006; Wickham et al., 2006.

Table 13-2. Common Terminology Criteria for Adverse Events Grading for  
Infusion Site Extravasation

Adverse Event

Grade

1 2 3 4 5

Infusion site 
extravasation

Painless edema Erythema with associated 
symptoms (e.g., edema, 
pain, induration, phlebitis)

Ulceration or necrosis, severe 
tissue damage; operative 
intervention indicated

Life-threatening con-
sequences; urgent 
intervention indicated

Death

Note. From Common Terminology Criteria for Adverse Events [v.5.0], by National Cancer Institute Cancer Therapy Evaluation Program, 2017. Retrieved 
from https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm.

https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
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(3) Attempt to aspirate residual vesicant 
from the IV device or port needle using 
a small (1–3 ml) syringe.

(4) Remove the peripheral IV device or 
port needle.

(5) Initiate appropriate management mea-
sures in accordance with Table 13-3 and 
institutional policies.

c) Vesicant extravasation antidotes and treat-
ments

(1) Efficacy: The efficacy of extravasation 
antidotes and treatments is unknown, 
with the exception of dexrazoxane for 
injection, which has a 98.2% overall effi-
cacy for treating anthracycline extrava-
sation (Mouridsen et al., 2007). In two 
European studies, 53 of 54 patients with 
biopsy-confirmed anthracycline extrav-
asation did not require surgical inter-
vention after receiving dexrazoxane 
administered IV daily for three days. 
The median baseline extravasation area 

was 25 cm2 (range 1–253 cm2), and 11 
patients had extravasation areas exceed-
ing 75 cm2. Thirteen patients had late 
sequelae at the extravasation site, such 
as pain, fibrosis, atrophy, and local sen-
sory disturbance; all were judged to be 
mild (Mouridsen et al., 2007).

(2) No clinical trials have been conducted 
to determine the efficacy of dimethyl 
sulfoxide, sodium thiosulfate, hyal-
uronidase, growth factors, early sur-
gical intervention, saline washout 
or flushing, hyperbaric oxygen, or 
3% solution of boric acid in treating 
biopsy-confirmed vesicant extravasa-
tions from peripheral IV catheters and 
implanted ports. Information about 
these antidotes and treatments is anec-
dotal and based on case reports (Firat, 
Erbatur, & Aytekin, 2013; Goolsby & 
Lombardo, 2006; Schrijvers, 2003; 
Wickham et al., 2006).

Table 13-3. Vesicant Extravasation Management Guidelines

Classification/Drug
Immediate Topical 

Therapy Antidote or Treatment
Administration, Monitoring, and  

Follow-Up

Alkylating agents
 • Mechlorethamine 
hydrochloride (nitrogen 
mustard, Mustargen®) 

Apply cold pack for 6–12 
hours following sodium 
thiosulfate antidote injec-
tion (Lundbeck LLC, 
2012). 

Antidote: Sodium thiosulfate
Mechanism of action: Neutral-

izes mechlorethamine to form 
nontoxic thioesters that are 
excreted in the urine

Preparation: Prepare 1/6 molar 
solution (4.14 g of sodium 
thiosulfate per 100 ml of ster-
ile water for injection or 2.64 
g of anhydrous sodium thio-
sulfate per 100 ml, or dilute 4 
ml of sodium thiosulfate injec-
tion [10%] with 6 ml of sterile 
water for injection) (Lundbeck 
LLC, 2012).

Storage: Store at room temper-
ature between 15°C–30°C 
(59°F–86°F). 

Inject 2 ml of the sodium thiosulfate solu-
tion for each milligram of mechloretha-
mine suspected to have extravasated. 
Inject the solution subcutaneously into 
the extravasation site using a 25-gauge 
or smaller needle (change needle with 
each injection). Dose may be divided 
into 3–4 syringes to inject around the site 
of extravasation. The needle should be 
changed with each new injection.

Assess the extravasation area for pain, 
blister formation, and skin sloughing peri-
odically as needed or in accordance with 
institutional policy.

Instruct patients to monitor the extravasa-
tion site and to report fever, chills, blister-
ing, skin sloughing, and worsening pain.

Instruct patients with peripheral extravasa-
tions to report arm or hand swelling and 
stiffness.

 • Trabectedin (Yondelis®) Apply cold pack for 
15–20 minutes at least 4 
times a day for the first 
24 hours.

No known antidotes or treat-
ments exist.

Assess the extravasation area for pain, 
blister formation, and skin sloughing peri-
odically as needed or in accordance with 
institutional policy (Janssen Pharmaceu-
tical Companies, 2015).

In collaboration with the provider, refer 
patients for specialized care when indi-
cated or needed (e.g., plastic or hand 
surgery consult, physical therapy, pain 
management, rehabilitation services).

(Continued on next page)
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Table 13-3. Vesicant Extravasation Management Guidelines (Continued)

Classification/Drug
Immediate Topical 

Therapy Antidote or Treatment
Administration, Monitoring, and  

Follow-Up

Anthracenedione
 • Mitoxantrone (Novan-
trone®)

Apply cold pack for 
15–20 minutes at least 4 
times a day for the first 
24 hours.

No known antidotes or treat-
ments exist.

Extravasation typically causes blue discol-
oration of the infusion site area and may 
require debridement and skin grafting 
(Fresenius Kabi USA, 2013).

Assess the extravasation area for pain, 
blister formation, and skin sloughing peri-
odically as needed or in accordance with 
institutional policy.

In collaboration with the provider, refer 
patients for specialized care when indi-
cated or needed (e.g., plastic or hand 
surgery consult, physical therapy, pain 
management, rehabilitation services).

Antitumor antibiotics 
(anthracyclines)
 • Daunorubicin (Cerubi-
dine®)

 • Doxorubicin 
(Adriamycin®)

 • Epirubicin (Ellence®)
 • Idarubicin (Idamycin®)

Apply cold pack but 
remove at least 15 min-
utes prior to dexrazoxane 
treatment.

Treatment: Dexrazoxane for 
injection (Langer, 2007; 
Schulmeister, 2007)

Mechanism of action: Unknown
Dose: The recommended dose 

of dexrazoxane is based on 
the patient’s body surface 
area:

 • Day 1: 1,000 mg/m2

 • Day 2: 1,000 mg/m2

 • Day 3: 500 mg/m2

The maximum recommended 
dose is 2,000 mg on days 
1 and 2 and 1,000 mg on 
day 3. The dose should be 
reduced 50% in patients with 
creatinine clearance values < 
40 ml/min.

Preparation: Each 500 mg 
vial of dexrazoxane must be 
mixed with 50 ml diluent. The 
patient’s dose is then added 
to a 1,000 ml normal saline 
infusion bag for administra-
tion.

Storage: Store at room temper-
ature between 15°C–30°C 
(59°F–86°F).

Initiate the first dexrazoxane infusion as 
soon as possible and within 6 hours of 
the anthracycline extravasation.

Infuse dexrazoxane over 1–2 hours in 
a large vein in an area other than the 
extravasation area (e.g., opposite arm). 
The same arm should be used only 
when the patient’s clinical status (e.g., 
lymphedema, loss of limb) precludes use 
of the unaffected arm, and a large vein 
above the extravasation site should be 
used for dexrazoxane administration.

Dimethyl sulfoxide should not be applied to 
the extravasation area.

Assess the extravasation area for pain, 
blister formation, and skin sloughing peri-
odically as needed or in accordance with 
institutional policy.

Instruct patients to monitor the extravasa-
tion site and to report fever, chills, blister-
ing, skin sloughing, and worsening pain.

Instruct patients with peripheral extravasa-
tions to report arm or hand swelling and 
stiffness.

Instruct patients about treatment side 
effects (e.g., nausea, vomiting, diarrhea, 
stomatitis, bone marrow suppression, 
elevated liver enzyme levels, infusion site 
burning).

Monitor patients’ complete blood count 
and liver enzyme levels.

Antitumor antibiotics 
(miscellaneous)
 • Dactinomycin (actino-
mycin D, Cosmegen®)

 • Daunorubicin and cyta-
rabine (Vyxeos™)

 • Doxorubicin hydrochlo-
ride liposome (Doxil®)

 • Mitomycin (Mutamy-
cin®)

Apply cold pack for 
15–20 minutes at least 4 
times a day for the first 
24 hours.

No known antidotes or treat-
ments exist.

Assess the extravasation area for pain, 
blister formation, and skin sloughing peri-
odically as needed or in accordance with 
institutional policy.

In collaboration with the provider, refer 
patients for specialized care when indi-
cated or needed (e.g., plastic or hand 
surgery consult, physical therapy, pain 
management, rehabilitation services).

(Continued on next page)
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(3) Anecdotal reports of treatment
of peripheral and central VAD
anthracycline extravasations with
IV dexrazoxane administered as
directed suggest efficacy in mitigat-
ing anthracycline-induced tissue dam-
age (Araque Arroyo, Ubago Perez,
Fernandez Feijoo, & Calleja Hernan-
dez, 2010; Conde-Estévez, Saumell,
Salar, & Mateu-de Antonio, 2010; Fon-
taine, Noens, Pierre, & De Grève, 2012; 
Langer, 2007, 2008; Uges, Vollaard,
Wilms, & Brouwer, 2006). In a case
report of IV dexrazoxane administra-
tion 72 hours after a peripheral epiru-
bicin extravasation (and after being
initially treated with topical dimethyl
sulfoxide 99%), the patient had com-
plete recovery without any sequelae
(Aigner et al., 2014).

(4) Anecdotal reports of treatment of intra-
cavitary anthracycline vesicant extrav-
asations include saline washout of the
pleural space with concurrent IV dexra-
zoxane administration (Chang & Mur-
ray, 2016) and video-assisted thoracos-

copy (to visualize tissue damage) fol-
lowed by thoracoscopic-assisted pleu-
ral lavage with periprocedural IV infu-
sion of dexrazoxane (Aguirre, Barnett, 
Burdett, Joshi, & Viana, 2017).

(5) A case report described a liposomal
doxorubicin extravasation initially
treated conservatively with cold com-
presses on the affected arm. Three
days later, when the patient’s pain
worsened and skin redness increased, 
she was treated with IV dexrazox-
ane and completely recovered (Vos,
Lesterhuis, Brüggemann, & van der
Graaf, 2012).

10. Documentation of vesicant extravasation and
treatment: Key elements for inclusion in vesi-
cant extravasation documentation are listed in
Figure 13-1, and Appendix I shows an example
of a vesicant drug extravasation record.

11. Patient follow-up: Dependent on individual
patient needs and institutional policies
a) Periodically assess the patient’s response to

extravasation treatment.
(1) Assess patients receiving IV dexra-

zoxane on each day of the three-day

Table 13-3. Vesicant Extravasation Management Guidelines (Continued)

Classification/Drug
Immediate Topical 

Therapy Antidote or Treatment
Administration, Monitoring, and 

Follow-Up

Microtubule inhibitors: 
Taxanes 
• Cabazitaxel (Jevtana®)
• Docetaxel (Taxotere®)
• Paclitaxel (Taxol®)
• Paclitaxel protein-

bound particles for
injectable suspension
(Abraxane®)

Apply cold pack for 
15–20 minutes at least 4 
times a day for the first 
24 hours.

No known antidotes or treat-
ments exist.

Assess the extravasation area for pain, 
blister formation, and skin sloughing peri-
odically as needed or in accordance with 
institutional policy.

Instruct patients to monitor the extravasa-
tion site and to report fever, chills, blister-
ing, skin sloughing, and worsening pain.

Instruct patients with peripheral extravasa-
tions to report arm or hand swelling and 
stiffness.

Vinca alkaloids
• Vinblastine (Velban®)
• Vincristine (Oncovin®)

Apply warm pack for 
15–20 minutes at least 
4 times a day for the 
first 24–48 hours. Ele-
vate extremity (peripheral 
extravasations).

Antidote: Hyaluronidase (Krei-
dieh et al., 2016)

Mechanism of action: 
Degrades hyaluronic acid 
and promotes drug disper-
sion and absorption

Preparation: Prepare per pack-
age insert. Do not dilute. Use 
solution as provided.

Store in refrigerator at 2°C–8°C 
(36°F–46°F).

Administer 150 units of the hyaluronidase 
solution as 5 separate injections, each 
containing 0.2 ml of hyaluronidase, sub-
cutaneously into the extravasation site 
using a 25-gauge or smaller needle 
(change needle with each injection).

Assess the extravasation area for pain, 
blister formation, and skin sloughing peri-
odically as needed or in accordance with 
institutional policy.

Instruct patients to monitor the extravasa-
tion site and to report fever, chills, blister-
ing, skin sloughing, and worsening pain.

Instruct patients with peripheral extravasa-
tions to report arm or hand swelling and 
stiffness.
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treatment and again four to seven 
days after completing dexrazoxane 
treatment.

(2) Assess patients receiving other extrava-
sation treatments (e.g., heat/cold, hyal-
uronidase) on the day after the sus-
pected extravasation and again four 
to seven days later.

(3) Assessments can be done in person or 
via phone with photographs sent elec-
tronically per institutional policy.

(4) Reinforce patient teaching to notify 
the provider of worsening signs and 
symptoms.

b) Assessment may include inspection and mea-
surement of the extravasation area, skin integ-
rity, presence of pain or other symptoms, arm 
and hand mobility (for peripheral extravasa-
tions), and sensation.

c) Obtain follow-up photographs that include 
or refer to the date and time they were taken 
per institutional policy.

d) In collaboration with the provider, refer 
patients for specialized care when indicated 
(e.g., plastic or hand surgery consultation, 
physical therapy, pain management, reha-
bilitation services).

e) Instruct patients to protect the extravasa-
tion area from sunlight, monitor the site, and 
report fever, chills, blistering, skin sloughing, 
and worsening pain.

C. Irritation
1. Irritants: Agents that may inflame and irritate 

peripheral veins

a) Examples include bleomycin, carboplatin, 
carmustine, dacarbazine, etoposide, floxuri-
dine, gemcitabine, ifosfamide, liposomal dau-
norubicin, liposomal doxorubicin, streptozo-
cin, and topotecan (Ener et al., 2004; Pérez 
Fidalgo et al., 2012; Sauerland et al., 2006).

b) Measures to reduce irritation during infusion
(1) Increase dilution when possible and/

or infuse with concurrent fluid admin-
istration.

(2) Administer via larger rather than 
smaller peripheral veins for periph-
eral infusions.

(3) Apply a warm pack to the administra-
tion site during infusion.

(4) Assess the administration site and mon-
itor for pain, redness, and swelling in 
patients receiving irritating agents.

2. Irritants with vesicant properties: Agents that may 
inflame and irritate peripheral veins and have 
the potential to cause skin and tissue damage 
(e.g., blistering, sloughing) when higher concen-
trations or specific amounts of the drug inadver-
tently enter the tissue. See Table 13-4 for irritant 
infiltration management guidelines.
a) Bendamustine hydrochloride (Bendeka®, 

Teva Pharmaceuticals USA, Inc., 2017; Tre-
anda®, Cephalon, Inc., 2016): Postmarket-
ing reports of infiltration include hospital-
ization for erythema, marked swelling, and 
pain; precautions should be taken to avoid 
extravasation (Cephalon, Inc., 2016; Teva 
Pharmaceuticals USA, Inc., 2017). A review 
of more than 250,000 patients treated with 
bendamustine worldwide identified seven 

Figure 13-1. Key Elements of Vesicant Extravasation Documentation

 • Date and time that extravasation occurred or was suspected
 • Type and size of peripheral venous access device or type of central venous access device and gauge/length of noncoring needle 
(implanted ports)

 • Location and patency of peripheral or central venous access device
 • Number and location(s) of venipuncture attempts (for peripheral vesicant administration)
 • Description and quality of blood return before and during vesicant administration
 • Vesicant administration technique (e.g., bolus, infusion)
 • Concentration and estimated amount of extravasated vesicant
 • Symptoms reported by patient (e.g., burning, pain)
 • Description of administration site appearance, including measurement of edema or redness if present
 • Photographs of administration site that include date and time in the photograph field (follow institutional guidelines when obtaining 
photographs from patients)

 • Assessment of extremity (if applicable) for range of motion and discomfort with movement
 • Immediate nursing interventions (e.g., topical cooling or warming, authorized prescriber notification)
 • Extravasation antidote or treatment administered
 • Follow-up recommendations (e.g., return appointments, referral for wound care)
 • Patient teaching (e.g., assessing skin, monitoring temperature, reporting pain) and patient’s response to teaching

Note. Based on information from Schulmeister, 2011.
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reports of extravasation-induced tissue dam-
age (Martin, Barr, James, Pathak, & Kahl, 
2017). Dilution of Treanda in 500 ml nor-
mal saline and an infusion time of one to 
two hours reduced bendamustine-induced 
venous irritation in a study of 21 patients 
in Japan (Watanabe et al., 2013). Bendeka 

is prepared in 50 ml and administered over 
10 minutes, and the infusion site should be 
monitored for redness, swelling, pain, infec-
tion, and necrosis (Teva Pharmaceuticals 
USA, Inc., 2017).

b) Immunotherapy agents: Although data on 
infiltration of these agents are limited, anti-

Table 13-4. Irritant Infiltration Management Guidelines

Drug
Description in Literature and  

Package Insert Administration, Monitoring, and Follow-Up

Bendamustine hydro-
chloride (Bendeka®, Tre-
anda®)

Irritant (usually) (Kreidieh et al., 2016)
Vesicant (rarely) (Pérez Fidalgo et al., 

2012)
Infiltration may cause painful erythema 

(Cephalon, Inc., 2016).

Apply cold pack for 15–20 minutes at least 4 times a day for 
the first 24 hours.

Assess the infiltrated area for pain, blister formation, and skin 
sloughing periodically as needed or in accordance with 
institutional policy.

Instruct patients to monitor the infiltration site and to report 
fever, chills, blistering, skin sloughing, and worsening pain.

Irinotecan (Camptosar®) Irritant (Kreidieh et al., 2016)
Exfoliative dermatitis may occur (Pfizer 

Inc., 2016).

Flush the skin with sterile water and apply cold pack for 
15–20 minutes at least 4 times a day for the first 24 hours 
(Pfizer Inc., 2016).

Assess the infiltrated area for pain, blister formation, and skin 
sloughing periodically as needed or in accordance with 
institutional policy.

Instruct patients to monitor the infiltration site and to report 
fever, chills, blistering, skin sloughing, and worsening pain.

Melphalan (Alkeran®) Irritant (usually) (Ener et al., 2004; Goolsby 
& Lombardo, 2006)

Vesicant (rarely) (Sauerland et al., 2006)
Infiltration may cause local tissue damage 

(GlaxoSmithKline, 2010).

Apply cold pack for 15–20 minutes at least 4 times a day for 
the first 24 hours.

Assess the infiltrated area for pain, blister formation, and skin 
sloughing periodically as needed or in accordance with 
institutional policy.

Instruct patients to monitor the infiltration site and to report 
fever, chills, blistering, skin sloughing, and worsening pain.

Oxaliplatin (Eloxatin®) Irritant (usually) (de Lemos & Walisser, 
2005; Kennedy et al., 2003)

Vesicant (rarely) (Azaïs et al., 2015)
Infiltration can lead to redness, swelling, 

pain, and necrosis (Sanofi-Aventis U.S. 
LLC, 2015a).

A warm pack may reduce local pain and inflammation (Foo 
et al., 2003).

Apply warm pack for 15–20 minutes at least 4 times a day for 
the first 24–48 hours.

Elevate extremity (peripheral extravasations).
High-dose dexamethasone (8 mg twice daily for up to 14 

days) has been reported to reduce oxaliplatin infiltration–
related inflammation (Kretzschmar et al., 2003).

Assess the infiltrated area for pain, blister formation, and skin 
sloughing periodically as needed or in accordance with 
institutional policy.

Instruct patients to monitor the infiltration site and to report 
fever, chills, blistering, skin sloughing, and worsening pain.

Instruct patients with peripheral extravasations to report arm 
or hand swelling and stiffness.

Vinorelbine (Navelbine®) Irritant (usually) (de Lemos, 2005)
Vesicant (rarely) (Das & Gogia, 2016; Had-

away, 2007; Sauerland et al., 2006)
Irritant; extravasation may cause local tis-

sue necrosis (Sagent Pharmaceuticals, 
2014).

Apply warm pack for 15–20 minutes at least 4 times a day for 
the first 24–48 hours.

Elevate extremity (peripheral extravasations).
Assess the infiltrated area for pain, blister formation, and skin 

sloughing periodically as needed or in accordance with 
institutional policy.

Instruct patients to monitor the infiltration site and to report 
fever, chills, blistering, skin sloughing, and worsening pain.

Instruct patients with peripheral extravasations to report arm 
or hand swelling and stiffness.
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bodies are classified as irritants most likely 
because of their ability to cause local allergic 
reactions at the infusion site rather than direct 
cellular toxicity. Immune checkpoint inhib-
itors (e.g., ipilimumab, nivolumab, pembro-
lizumab) possess irritant potential and may 
cause thrombophlebitis (Plusching, Haslik, 
Bartsch, & Mader, 2016).

c) Targeted agents: Local swelling and redness 
have been observed with infiltration of pro-
teasome inhibitors (e.g., carfilzomib, ixazo-
mib) (Plusching et al., 2016).

d) Irinotecan (Camptosar®): Care should be 
taken to avoid extravasation of irinotecan. 
If infiltration occurs, topical flushing of the 
skin with sterile water and application of ice 
are recommended (Pfizer Inc., 2016).

e) Melphalan (Alkeran®)
(1) Has been classified as neither an irri-

tant nor a vesicant (Dorr, Alberts, & 
Soble, 1986), as an irritant (Ener et al., 
2004; Goolsby & Lombardo, 2006), and 
as a vesicant (Sauerland et al., 2006). 
Infiltration may cause local tissue dam-
age. Administer over 15–20 minutes 
into a fast-running IV solution into 
an injection port on the IV tubing; 
do not administer by direct injection 
into a peripheral vein (GlaxoSmith-
Kline, 2010).

(2) Care should be taken to avoid pos-
sible infiltration (e.g., monitor the 
IV site during a melphalan infu-
sion), and in cases of poor periph-
eral venous access, use of a central 
venous line is recommended (Glaxo-
SmithKline, 2010).

f) Oxaliplatin (Eloxatin®)
(1) Has been described as both an irritant 

(de Lemos & Walisser, 2005; Kennedy, 
Donahue, Hoang, & Boland, 2003) 
and a vesicant (Azaïs et al., 2015). Case 
reports describe induration, edema, 
red-brown skin discoloration, hyper-
pigmentation, and rare instances of tis-
sue necrosis (Azaïs et al., 2015).

(2) The manufacturer of oxaliplatin states 
that infiltration has, in some cases, 
included necrosis and injection site 
reactions such as redness, swelling, 
and pain (Sanofi-Aventis U.S. LLC, 
2015a).

(3) Kretzschmar et al. (2003) retrospec-
tively reviewed 11 cases of peripheral 
oxaliplatin infiltration and found that 

even with large-volume (40 mg or 
greater) extravasations of oxaliplatin, 
tissue necrosis did not occur.

(4) Pericay et al. (2009) published a case 
report of a 165 mg dose of oxaliplatin 
that infiltrated when a noncoring nee-
dle dislodged from an implanted port, 
resulting in edema and skin discolor-
ation. They concluded that the effect 
was that of an irritant rather than a 
vesicant.

(5) In a case report, inadvertent intratho-
racic infiltration of oxaliplatin caused 
pleural effusion and mediastinitis. 
Shortness of breath and chest pain 
resolved within a week of discontinu-
ing the oxaliplatin infusion and initi-
ating IV antibiotics (Leon-Ferre, Abu 
Hejleh, & Halfdanarson, 2012).

(6) Because cold packs cause local vaso-
constriction, they may precipitate or 
worsen the cold neuropathy associated 
with oxaliplatin (Foo, Michael, Toner, 
& Zalcberg, 2003).

(7) A warm pack applied to an oxaliplatin 
infiltration site is preferable and may 
reduce local pain and inflammation 
(Foo et al., 2003).

(8) High-dose dexamethasone (8 mg 
twice daily for up to 14 days) has 
been reported to reduce oxalipla-
tin infiltration–related inflammation 
(Kretzschmar et al., 2003).

g) Vinorelbine (Navelbine®)
(1) Has been described as both an irri-

tant (de Lemos, 2005) and a vesicant 
(Ener et al., 2004; Goolsby & Lom-
bardo, 2006; Hadaway, 2007; Sauer-
land et al., 2006). Case reports have 
described skin discoloration, chemi-
cal phlebitis, localized rash, urticaria, 
blistering, and rarely, skin sloughing 
(Manganoni et al., 2012).

(2) The manufacturer of vinorelbine states 
that it is an irritant, and extravasa-
tion may cause local tissue necrosis or 
thrombophlebitis (Sagent Pharmaceu-
ticals, 2014).

(3) A case report of vinorelbine infiltra-
tion from an implanted port described 
erythema and blister formation fol-
lowed by ulceration, which was treated 
with heat, antibiotics, and subcuta-
neous hyaluronidase (Das & Gogia, 
2016).
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(4) Rapid IV infusion over 6–10 min-
utes followed by a flush of more than 
75–125 ml of IV fluid may reduce 
vinorelbine-induced irritation (de 
Lemos, 2005).

3. Risk factors for irritation
a) Small veins
b) Prior treatment with irritating or sclerosing 

drugs, such as chemotherapy
4. Possible etiologies of venous irritation (Doell-

man et al., 2009)
a) Low or high pH (less than 5 or greater than 

9) of infused drugs
b) Solutions with high osmolality
c) Concentrated drugs or infusion solutions

5. Signs and symptoms of venous irritation: See 
Table 13-1.

6. Management of venous irritation
a) Application of a warm pack may reduce local 

discomfort.
b) Restarting the peripheral IV in a larger vein 

in another location may be indicated.
c) Consult a pharmacist to explore further dilu-

tion of irritating medications.
d) Instruct patients to report the development of 

a hard cord along the vein, pain, erythema, 
and temperature elevation.

D. Flare reaction
1. Characterized by transient erythema along the 

vein above the peripheral IV site and may be 
accompanied by pruritus and urticaria; blood 
return is present (Wickham et al., 2006).

2. May be observed during peripheral adminis-
tration of anthracyclines or mechlorethamine 
(Wickham et al., 2006)

3. May occur during peripheral administration of 
doxorubicin and is thought to be caused by local 
release of histamine from mast cells or basophils 
(Curran, Luce, & Page, 1990)

4. Management of a flare reaction (Wickham et 
al., 2006)
a) Verify presence of blood return. If absent, 

assess for signs and symptoms of extravasation.
b) Flush the vein slowly with saline and observe for 

resolution of flare, usually within 45 minutes.
c) An antihistamine may be used to treat a flare 

reaction and for premedication with subse-
quent cycles (Wilkes & Barton-Burke, 2018).

d) If resolution does not occur, contact the 
provider.

e) Do not resume the infusion through the IV 
site until the flare reaction resolves com-
pletely. Consider restarting the IV in another 
site.

f) Document the flare reaction, including treat-
ment and the patient’s response.

E. Acute infusion reactions: Standard infusion reac-
tions, hypersensitivity reactions, anaphylaxis, and 
CRS
1. Pathophysiology

a) Infusion reactions can occur with any med-
ication administered intravenously, and vir-
tually all chemotherapy agents and monoclo-
nal antibodies (mAbs) have the potential to 
induce these reactions (Khan, 2016). Infu-
sion reactions are also referred to as stan-
dard infusion reactions by most allergists. In 
general, most infusion reactions are mild 
and may represent an irritant effect of the 
chemotherapy. It is prudent to differentiate 
between infusion reactions and hypersensi-
tivity reactions, as the latter type of infusion 
reaction is characterized by an allergic com-
ponent (Castells, Matulonis, & Horton, 2018).

b) Standard infusion reactions involving mAbs 
may be the result of the antibody–antigen 
interactions that release cytokines, but the 
exact mechanism is unclear. The reactions 
with mAbs can be mild and usually occur 
with the first dose. Although standard infu-
sion reactions can affect any organ system in 
the body, the most common signs and symp-
toms are flushing, itching, change in heart 
rate and blood pressure, dyspnea, back pain, 
fever, chills, rash, throat tightening, hypoxia, 
seizures, and dizziness or syncope (Castells 
et al., 2018).

c) Hypersensitivity reactions are unexpected, 
mediated by the immune system, and usu-
ally allergic in nature. Immediate hypersen-
sitivity reactions and anaphylaxis reactions 
are mediated by immunoglobulin E (IgE) 
mast cell activation or non-IgE mediated 
with mast cell activation and can be further 
divided into immediate or delayed (de las 
Vecillas Sánchez, Alenazy, Garcia-Neuer, & 
Castells, 2017). Most immediate hypersensi-
tivity reactions are IgE mediated and are clas-
sic allergic reactions (Jakel, Carsten, Braskett, 
& Carino, 2016). See Table 13-5 for exam-
ples of chemotherapy agents associated with 
hypersensitivity reactions.

d) Immediate hypersensitivity reactions to 
immunotherapy agents are IgE mediated 
in nature. Reactions with immunotherapy 
agents such as rituximab, alemtuzumab, 
and cetuximab are mostly standard infusion 
reactions in nature but have the potential to 
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induce anaphylaxis, as mAbs are complete 
allergens. Immediate hypersensitivity reac-
tion can occur within five minutes after the 
start of the infusion to as late as six hours 
after its completion (Giavina-Bianchi, Patil, 
& Banerji, 2017). See Figure 13-2 for immu-
notherapy agents that have the potential for 
hypersensitivity reaction.

e) Anaphylaxis is a hypersensitivity reaction 
that is a systemic allergic reaction that can 
be life threatening. Although uncommon 
with most antineoplastic agents, it is well 
established with platinum drugs and tax-
anes (Giavina-Bianchi et al., 2017). Ana-
phylaxis with mAbs also occurs occasion-
ally and has been reported with rituximab 
(5%–10%), trastuzumab (0.6%–5%), and 
cetuximab (1.1%–5%) (Bonamichi-Santos 

& Castells, 2016). Hypersensitivity reaction 
with platinum agents does not usually occur 
until the patient has received several doses of 
the agent (generally after six to seven cycles) 
(Boulanger et al., 2014).

f) Common signs and symptoms of anaphylaxis 
caused by IV medications

(1) Flushing, itching, angioedema (face, 
eyelids, or lips), cough, nasal conges-
tion, shortness of breath, wheezing, 
sensation of choking, change in voice 
quality, tachycardia, fainting, hypo- 
or hypertension, loss of conscious-
ness, nausea, vomiting, cramping/diar-
rhea, impending sense of doom, tun-
nel vision, and back, chest, or pelvic 
pain (Khan, 2016)

(2) An overlap exists between standard 
infusion reactions and anaphylaxis, 
but the hallmark symptoms of ana-
phylaxis are urticaria and angioedema 
(60%–90%); upper airway symptoms 
such as cough, wheeze, and throat 
tightness (50%–60%); flush (45%–
55%); dizziness, syncope, and hypoten-
sion (30%–35%); and change in voice 
(Commins, 2017). See Table 13-6 for 
the National Cancer Institute Cancer 
Therapy Evaluation Program’s grad-
ing criteria for allergic reactions, ana-
phylaxis, and CRS.

g) CRS is a potentially life-threatening systemic 
inflammatory reaction that is observed after 
infusion of agents targeting the immune sys-
tem. CRS develops after cells are damaged 
and complement pathways are activated, 
which results in a drastic increase in systemic 
inflammatory cytokines and interleukins 
(Kroschinsky et al., 2017). This syndrome 
occurs with chimeric antigen receptor (CAR) 
T-cell therapy and agents such as rituximab 
and blinatumomab, and in serious cases may 
result in organ failure or death (Brudno & 
Kochenderfer, 2016). In most patients, how-
ever, the symptoms are less serious, consist-
ing of mild, transient fevers and myalgias 
(Barrett, Teachey, & Grupp, 2014).

h) Symptoms of CRS
(1) Mild: Fevers (days to weeks), tachycar-

dia, chills, nausea, anorexia, myalgia, 
headaches

(2) Life threatening: Capillaries leak fluid, 
which results in third spacing into the 
lungs and interstitial tissue, leading to 
intravascular depletion. CRS can occur 

Figure 13-2. Immunotherapy Drugs Associated With 
Hypersensitivity Reactions and Cytokine Release 

Syndrome

Bispecific Monoclonal Antibody
 • Blinatumomab

Chimeric Antigen Receptor T-Cell Therapies
 • Axicabtagene ciloleucel
 • Tisagenlecleucel

Interferons
 • Interferon alfa
 • Interferon beta (1A and 1B)
 • Interferon gamma

Interleukins
 • Aldesleukin
 • Denileukin diftitox

Monoclonal Antibodies
 • Murine

 – Ibritumomab tiuxetan
 – Tositumomab

 • Chimeric
 – Brentuximab
 – Cetuximab
 – Rituximab

 • Humanized
 – Alemtuzumab
 – Bevacizumab
 – Gemtuzumab ozogamicin
 – Trastuzumab

 • Fully human
 – Ipilimumab
 – Ofatumumab
 – Panitumumab

Note. Based on information from Bavbek et al., 2016; Bristol-Myers 
Squibb Co., 2017; Gobel, 2007; Kite Pharma, Inc., 2017; Kroschinsky et 
al., 2017; Merck and Co., Inc., 2014; Novartis Pharmaceuticals Corp., 
2017; Sloane et al., 2016.
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Table 13-5. Chemotherapy Agents and Associated Hypersensitivity Reactions

Drug and Chance 
of Reaction Description of Reaction Prevention Skin Test

Future Options 
After Reaction

Carboplatin
1%–19.5%
Mostly after cycles 6–8

Urticaria or angioedema, 
bronchospasm, hypo-
tension, rash, mostly 
after cycles 6–8

Skin test after 6th cycle is 
recommended and vali-
dated.

Monitor later cycles and if 
patient is restarting ther-
apy after an interval > 2 
years.

Intradermal injection 
of 0.02 ml of undiluted 
form of the carboplatin 
preparation planned for 
infusion

Desensitization

Cisplatin
1%–5%

Mild to severe to lethal
Urticaria or angioedema, 

bronchospasm, hypo-
tension, rash

Skin test is not recom-
mended or validated.

– Possible desensitiza-
tion; more experience
is needed.

Docetaxel
30% during 1st or 2nd 
dose without premed-
ications

Dyspnea, hypotension, 
bronchospasm, urti-
caria, rashes, edema

Premedicate with dexa-
methasone 16 mg/day 
for 3 days, starting 1 day 
before chemotherapy.

– Substitution with
paclitaxel if clinically
appropriate

Epipodophyllotoxins
 • Teniposide: 4%–6%,
mostly grade 1 or 2

 • Etoposide: < 2%

Hypotension, dyspnea, 
bronchospasm

Slowly infuse for 30–60 
minutes.

– Rechallenge after
premedication with
antihistamines and
steroids

L-Asparaginase
5%–8% but increases

to 33% after 4th dose

Urticaria or angioedema, 
bronchospasm, hypo-
tension

Serious anaphylac-
tic reactions occur-
ring in less than 10% of 
patients

Skin test is not validated.
Some experts state the 

skin test is of no use 
because of the high rate 
of false positives and 
false negatives.

Intradermal injection 
of 0.1 ml of a 20 IU/
ml dilution of aspara-
ginase

Desensitization or
substitution with a
different prepara-
tion (Escherichia coli,
Erwinia, polyethylene
glycol)

Oxaliplatin
0.5%–25%
Reaction after several 

cycles

Urticaria or angioedema, 
bronchospasms, hypo-
tension, rash, hemo-
lytic anemia, cytokine 
release syndrome

Skin testing is reported to 
be 75%–80% accurate 
but not validated. 

European Academy 
of Allergy and Clini-
cal Immunology recom-
mends a skin test at 5 
mg/ml for prick test and 
0.05 mg/ml and 0.5 mg/
ml for intradermal test.

Desensitization

Paclitaxel
2%–4%, if proper pre-

medications are given
Develops with 1st or 

2nd dose

Urticaria or angioedema, 
bronchospasm, hypo-
tension

Premedicate with antihis-
tamines, steroids, and 
ranitidine.

– Desensitization with
standard 12-step
program if rechal-
lenge caused a reac-
tion; substitution with
docetaxel if clinically
appropriate

Procarbazine
6%–18%

Maculopapular rash, urti-
caria, cough, angio-
edema, interstitial pneu-
monitis

No reliable prevention 
exists.

– Discontinuation of
drug

Note. Based on information from Castells et al., 2018; Jakel et al., 2016; Kroschinsky et al., 2017; Lax et al., 2015.
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as late as seven days after completion of 
infusion (Maude, Barrett, Teachey, & 
Grupp, 2014; Smith & Venella, 2016). 
Severe coagulopathy, with prolonged 
prothrombin time, partial thrombo-
plastin time, and low fibrinogen lev-
els, can occur with CRS, resulting in 
thrombocytopenia and increased risk 
of thrombosis. Acute kidney injury can 
occur with CRS as a result of changes 
in hemodynamics caused by a decrease 
in renal blood flow and glomerular fil-
tration rate (Smith & Venella, 2017).

2. Risk factors for hypersensitivity and anaphylaxis
a) Administration of a chemotherapy or immu-

notherapy agent known to cause hypersensi-
tivity reactions (see Table 13-5)

b) Preexisting allergies, such as to foods, drugs, 
and bee stings (Kashiwagi & Kakinohana, 
2015)

c) Premedication with fosaprepitant: Serious 
hypersensitivity reactions are rare with fosa-
prepitant and occur in less than 1% of infu-
sions but can include anaphylaxis and ana-
phylactic shock during or soon after infusion 
of fosaprepitant (Pritchett & Kinsley, 2016).

d) Previous exposure to the agent with mild 
symptoms (grade 1) of allergy

e) Failure to administer known effective pro-
phylactic premeditations

f) First 5–15 minutes from the start of the infu-
sion

g) Nurses in infusion units should confirm 
patients’ allergy history and observe patients 
closely for allergic reactions. Proper patient 
education is critical for early detection (Kashi-
wagi & Kakinohana, 2015).

3. Risk factors for CRS
a) CAR T-cell therapy: CAR T-cell therapy is a 

form of immunotherapy using genetically 
modified CD19-positive T cells to produce 
receptors called chimeric antigens in the 
treatment of B-cell malignancies. The T cells 
are isolated and modified using a lentiviral 
vector to cause apoptosis of CD19-positive 
cells commonly expressed on B-cell lym-
phomas and acute lymphoblastic leukemia.

(1) CRS is the main complication expe-
rienced after the cell infusion and is 
caused by release of interleukin-6 lead-
ing to systemic inflammation. It is seen 
within the first 12 hours to 5 days in 
patients with leukemia and 2–10 days 
in patients with lymphoma (Smith & 
Venella, 2017).

(2) In clinical trials with tisagenlecleucel 
(Kymriah®), an approved CAR T-cell 
therapy, CRS occurred in more than 
20% of treated patients. Tocilizumab 
is a mAb used to treat CRS. It targets 
interleukin-6 and resolves symptoms 
within 24–48 hours (Genentech, Inc., 
2017; Novartis Pharmaceuticals Corp., 
2017).

Table 13-6. Common Terminology Criteria for Adverse Events Grading for Allergic Reaction,  
Anaphylaxis, and Cytokine Release Syndrome

Grade

Adverse Event 1 2 3 4 5

Allergic reac-
tion

Systemic inter-
vention not indi-
cated

Oral intervention indi-
cated

Bronchospasm; hospitalization 
indicated for clinical sequelae;  
IV intervention indicated

Life-threatening conse-
quences; urgent inter-
vention indicated

Death

Anaphylaxis – – Symptomatic bronchospasm, 
with or without urticaria; par-
enteral intervention indicated; 
allergy-related edema/angio-
edema; hypotension

Life-threatening conse-
quences; urgent inter-
vention indicated

Death

Cytokine 
release syn-
drome

Fever with or 
without constitu-
tional symptoms

Hypotension respond-
ing to fluids; hypoxia 
responding to < 40% O2

Hypotension managed with 
one pressor; hypoxia requiring 
≥ 40% O2

Life-threatening conse-
quences; urgent inter-
vention indicated

Death

IV—intravenous; O2—oxygen
Note. From Common Terminology Criteria for Adverse Events [v.5.0], by National Cancer Institute Cancer Therapy Evaluation Program, 2017. Retrieved 
from https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm.

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm
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b) First infusion of rituximab: Greater than 
50% incidence (LaCasce, Castells, Burstein, 
& Meyerhardt, 2017)

c) Chemotherapy-naïve patients receiving mAbs
d) Patients with leukemia or lymphoma, espe-

cially those with high lymphocyte counts 
(greater than 25,000/mm3) (Kroschin-
sky et al., 2017; Maude et al., 2014; Smith & 
Venella, 2017)

4. Preadministration guidelines: Implement the 
following steps to prevent and manage hyper-
sensitivity reactions, anaphylaxis, and infusion 
reactions.
a) Obtain and record baseline vital signs.
b) Review patients’ allergy history (e.g., food, 

medication, environment).
c) Administer premedications as ordered. Com-

mon premedications include histamine (H) 
antagonists (e.g., H1 antagonist [diphenhydr-
amine], H2 antagonist [ranitidine or famoti-
dine]), acetaminophen (for mAbs), and cor-
ticosteroids (LaCasce et al., 2017).

d) Ensure that emergency equipment and med-
ications are readily available.

e) Obtain provider orders for emergency treat-
ment before drug administration. Written 
standing orders for management of hyper-
sensitivity and infusion reactions are rec-
ommended (Gobel, 2005; Lenz, 2007; Viale, 
2009).

f) Instruct patients to report symptoms of hyper-
sensitivity and infusion reaction.

g) Monitor for reactions with each treatment.
(1) Hypersensitivity reactions can occur 

with a patient’s repeated exposure to a 
drug and at any time during the infu-
sion or the treatment cycle. The major-
ity of reactions occur during the first 
or second exposure, so many clinicians 
eliminate the premedications for subse-
quent infusions if no reaction occurred.

(2) However, 10%–30% of infusion reac-
tion will occur after the second expo-
sure. For example, the incidence 
of hypersensitivity reactions with 
platinum-containing agents increases 
with multiple doses and can occur after 
the infusion has completed (Castells 
et al., 2018; LaCasce et al., 2017). No 
data exist to support routine premed-
ications prior to all cycles of platinum 
agents in the absence of prior reaction. 
Although it is reasonable to consider 
premedications or a graduated infu-
sion rate for patients receiving cycle 

5 or beyond of a platinum-containing 
agent, the determination is made on a 
case-by-case basis (Castells et al., 2018).

(3) See Table 13-7 for emergency medi-
cations.

5. Skin testing
a) Skin testing has limited value with most 

chemotherapy with the exception of 
platinum-containing drugs. This practice is 
useful because it helps to evaluate whether 
the patient is truly allergic to the drug or 
class. Skin testing for other drugs is consid-
ered investigational and not widely performed 
(Lax, Long, & Banerji, 2015).

b) Only allergy/immunology specialists with 
special training in technique, interpretation, 
and management of the rare allergic reactions 
should perform these tests in highly sensi-
tive patients because of the risk of dermato-
logic or other toxicities associated with che-
motherapy skin testing (Castells et al., 2018).

c) Very limited data are available for skin test-
ing with immunotherapy agents, and it is 
currently not recommended (Khan, 2016).

6. Emergency management of anaphylaxis: Assess 
and treat symptoms as quickly as possible, as 
respiratory or cardiac arrest and death can occur 
within several minutes.
a) Stop drug infusion immediately and remove 

the allergen.
b) Maintain an IV line with normal saline or 

another appropriate solution.
c) Stay with the patient. Request that another 

staff member notify the provider and emer-
gency team, or, if outside the hospital set-
ting, call local emergency medical services.

d) Place the patient in a comfortable position 
and assess the airway. Maintain the patient 
in an upright position if short of breath or 
vomiting. Have the patient lie flat and ele-
vate legs if hypotensive (systolic blood pres-
sure lower than 60 mm Hg).

e) Monitor vital signs (pulse, respirations, blood 
pressure, oxygen saturation) every 2 minutes 
until the patient is stable, then every 5 minutes 
for 30 minutes, then every 15 minutes. Mon-
itor electrocardiogram for serious reactions.

f) Maintain airway, assessing the patient for 
increasing respiratory tract edema. Admin-
ister oxygen if needed. Anticipate the need 
for cardiopulmonary resuscitation.

g) Administer emergency medications based on 
symptoms (Commins, 2017; see Table 13-7). 
Figure 13-3 provides a guide for the treat-
ment of infusion reactions.
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h) Provide emotional support to the patient 
and family.

i) Document all treatments and the patient’s 
response in the medical record.

j) Symptoms of anaphylaxis may recur hours 
after initial intervention; therefore, patients 
who have experienced a grade 3 or 4 reaction 
(National Cancer Institute Cancer Therapy 
Evaluation Program, 2017) should be hospi-
talized and monitored closely for 24 hours 
(Bonamichi-Santos & Castells, 2016). See 
Table 13-6 for grading criteria.

k) For patients who experience a suspected ana-
phylactic reaction, a red top tube, drawn one 
to three hours after the reaction and sent for 
tryptase assay, should be considered.

(1) Any elevation in serum total tryptase is 
consistent with anaphylaxis; however, 
a normal value does not exclude ana-
phylaxis because it may be a false neg-
ative based on the timing of the draw. 
To reduce the risk of a false-positive 
result, the sample should not be 
drawn at the onset of the symptoms 
(Giavina-Bianchi et al., 2017).

(2) Avoid administering subsequent doses 
if the patient is considered to be sensi-
tized to the drug. If the drug is critical 
to the treatment plan, refer the patient 
to an allergist who is qualified in drug 
desensitization (Bonamichi-Santos & 
Castells, 2016). Drug desensitization is 

Table 13-7. Emergency Drugs for Use With Hypersensitivity or Anaphylactic Reactionsa

Indication Drug Dose Comments

Bronchial constriction 
(dyspnea, wheezing, 
stridor)

Epinephrine 0.1–0.5 mg IM into thigh (0.1–0.5 ml of 
1:1,000 solution or EpiPen® 0.3 mg auto-
matic device); IV administration is indi-
cated for patients with profound hypoten-
sion or signs or symptoms of impending 
shock and have not responded to IM dose.

IM administration is preferred over IV 
to minimize adverse cardiac effects. 
Anterolateral thigh is preferable to deltoid 
(may also be administered by inhalation 
or subcutaneously). Repeat every 5–10 
minutes if needed.

Shortness of breath, 
tachypnea (rate > 20 
breaths per minute), or 
decreased oxygen sat-
uration

Oxygen 8–10 L/min by face mask; 100% face 
mask if needed

Patients who are hemodynamically 
unstable may also benefit from oxygen.

Albuterol 2.5 mg/3 ml of 0.083% inhalation solu-
tion by nebulizer

Hold if heart rate is > 110 beats per min-
ute.

Hypotension (> 30% 
decrease in systolic 
blood pressure from 
baseline)

Epinephrine 0.1–0.5 mg IM into thigh (0.1–0.5 ml of 
1:1,000 solution or EpiPen 0.3 mg auto-
matic device) or 50–100 mcg IV bolus 
(0.2 mcg/kg) for hypotension (0.5–1 ml 
of 1:10,000 solution)

IM administration is preferred over IV to 
minimize adverse cardiac effects, except 
in the presence of cardiovascular col-
lapse. Cardiac monitoring is recom-
mended.

Normal saline IV 500 ml fluid bolus Administer over 10 minutes × 1, then as 
ordered. Multiple fluid boluses may be 
required if patient remains hypotensive 
despite epinephrine. Massive fluid shifts 
can occur.

Hives, itching, flushing, 
swollen lips or tongue

Diphenhydramine 25–50 mg IVP To counteract the multiple effects of his-
tamine release, both H1 and H2 antago-
nists should be administered.Famotidine

OR
20 mg IV

Ranitidine 50 mg IV

To prevent delayed 
reaction

Methylprednisolone 30–50 mg IV Limited evidence is available to support 
this recommendation, although steroids 
have frequently been used.Hydrocortisone 

injection
100–500 mg IV

Dexamethasone 10–20 mg IV

a Additional emergency medications (e.g., sodium bicarbonate, furosemide, lidocaine, naloxone hydrochloride, sublingual nitroglycerine) and emergency 
supplies (e.g., oxygen, suction machine with catheters, bag valve mask) should be available in case of medical emergency.
IM—intramuscular; IV—intravenous; IVP—intravenous push
Note. Based on information from Campbell & Kelso, 2017; Commins, 2017; Giavina-Bianchi et al., 2017; Soar, 2009.
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Figure 13-3. Infusion-Related Toxicity Algorithm

GENERAL NURSING INTERVENTIONS
 • Stop infusion and clamp the tubing closest to the patient.
 • Call for help.
 • Notify an authorized provider.
 • Assess the patient following ABC principles (airway, 

breathing, circulation).
 • If possible, relocate patient to stretcher/medical bay.
 • Place in supine position with legs raised UNLESS 

RESPIRATORY STATUS IS COMPROMISED.

Nurse Identifies
Infusion-Related

Toxicity

MODERATEa

 • Dyspnea
 • Fever 38°C–38.9°C
 • Flushing (persistent)
 • Heart rate > 110 bpm
 • Rash
 • Rigors
 • Urticaria (hives)
 • Vomiting

 • Diphenhydramine 50 mg IV push over 2 minutes × 1 
(If diphenhydramine was administered in any dose as 
pre-med for regimen, reduce dose to 25 mg.)

 • Famotidine 20 mg IV push over 2 minutes × 1
 • Hydrocortisone 100 mg IV push over 30 seconds × 1

 • Place on continuous pulse 
oximetry and obtain vital 
signs Q5M.

 • Bring to the bedside: suc-
tion (wall or portable) and O2 
(wall or portable).

 • Administer 2 L O2 per nasal 
cannula PRN—SpO2 < 93%.

Consult with an autho-
rized provider about 

patient disposition and 
reinitiation of infusion.

SEVEREa

 • Acute deterioration in men-
tal status or loss of conscious-
ness

 • Angioedema
 • Bronchospasm
 • Cyanosis
 • Diaphoresis
 • Fever ≥ 39°C
 • Hoarseness/vocal changes
 • Hypotension—severe (> 20% 

difference from baseline or 
SBP ≤ 80 mm Hg)

 • SpO2 < 90%
 • Stridor
 • Respiratory rate > 24/minute
 • Throat or tongue edema
 • Wheezinga

 • GIVE FIRST: Epinephrine 1:1,000 solution, 0.3 
mg IM (repeat Q10M PRN for persisting symp-
toms × 3)

 • Diphenhydramine 50 mg IV push over 2 min-
utes × 1 (If diphenhydramine was administered 
in any dose as pre-med for regimen, reduce 
dose to 25 mg.)

 • Famotidine 20 mg IV push over 2 minutes × 1
 • Hydrocortisone 100 mg IV push over 30 sec-

onds × 1
 • Normal saline IV push infusion at 1,000 ml/hr
 • If respiratory symptoms present: Albuterol 2.5 

mg inhaled × 1 via nebulizer

 • Place on continuous 
pulse oximetry and 
obtain vital signs Q5M.

 • Bring to the bedside: 
suction (wall or por-
table) and O2 (wall or 
portable).

 • Administer 10 L O2 per 
nonrebreather mask 
PRN SpO2 < 90%.

Consult with an 
authorized provider 

about patient  
disposition; DO 

NOT REINITIATE 
INFUSION.

 • GIVE FIRST: 
Epinephrine 
0.3 mg 1:1,000 
solution IM 
(repeat Q10M 
PRN for persist-
ing symptoms 
× 3)

 • Normal saline 
IV infusion at 
1,000 ml/hr

MILDa

 • Chills
 • Fever < 38°C
 • Flushing (transient)
 • Headache
 • Hypotension—mild 

(< 20% difference 
from baseline)

 • Itching/pruritus
 • Nausea
 • Rhinitis

 • Diphenhydramine 50 mg IV push 
over 2 minutes × 1 (If diphenhydr-
amine was administered in any dose 
as pre-med for regimen, reduce dose 
to 25 mg.)

 • Famotidine 20 mg IV push over 2  
minutes × 1

 • Place on continuous pulse 
oximetry and obtain vital 
signs Q15M.

Consult with an authorized 
provider about patient dispo-

sition and reinitiation
of infusion.

Hydrocortisone 
100 mg IV push 

over 30 sec-
onds × 1

Symptoms 
worsen?

Symptoms worsen or  
persist for > 30 minutes?

Symptom
Assessment

YES

NO

YES

NO

a There may be overlap between specific factors in each category. Always choose to default to highest category for any factor.
bpm—beats per minute; IM—intramuscular; IV—intravenous; O2—oxygen; PRN—as needed; Q5M—every 5 minutes; Q10M—every 10 minutes; Q15M—
every 15 minutes; SBP—systolic blood pressure; SpO2—blood oxygen saturation level
Note. Algorithm is to be used as a guide only.
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recommended after it is shown that the 
benefits outweigh the risk and should 
be undertaken with caution by trained 
nurses and physicians (Giavina-Bianchi 
et al., 2017).

(3) Sloane et al. (2016) noted that rapid 
drug desensitization is cost effective 
and safe for allergic patients with can-
cer if the benefit of therapy outweighs 
any other risks (e.g., survival and qual-
ity of life).

7. Clinical management of CRS: Mild CRS may be 
indistinguishable from standard infusion reac-
tions (Kroschinsky et al., 2017).
a) Stop infusion, and observe the patient until 

symptoms resolve, which usually occurs 
within 30 minutes.

b) Administer corticosteroid as ordered.
c) Resume infusion at a slower rate (50%) after res-

olution of symptoms, and titrate the rate slowly.
d) For severe reactions (see Table 13-6), admin-

ister emergency medications based on symp-
toms (see Table 13-7).

8. Clinical management of localized hypersensitiv-
ity (Wilkes & Barton-Burke, 2018)
a) Observe for and evaluate symptoms (e.g., 

urticaria, wheals, erythema).
b) Administer diphenhydramine, ranitidine, or 

corticosteroids per provider order or accord-
ing to protocol.

c) Monitor vital signs at least every 15 minutes for 
1 hour or as the patient’s condition requires.

d) Document the episode, including all treat-
ments and the patient’s response, according 
to institutional policies.

F. Patient and caregiver education
1. Before cytotoxic therapy, inform patients and 

families that chemotherapy and immunotherapy 
agents have the potential for acute infusion reac-
tions. Instruct them to immediately report signs 
and symptoms of extravasation, flare, hypersen-
sitivity, or infusion reactions.

2. Document all patient teaching.
3. After therapy, instruct patients and families about 

the importance of immediately reporting symp-
toms of any delayed reaction.
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CHAPTER 14

Myelosuppression

A. Myelosuppression: Neutropenia, anemia, and throm-
bocytopenia
1. Myelosuppression is a condition manifested by a 

significant decrease in the neutrophils, mega-
karyocytes, and erythrocytes within the bone 
marrow (National Cancer Institute, n.d.). It is a 
dose-limiting toxicity of systemic chemotherapy 
(Camp-Sorrell, 2018). Terms used in this section 
include the following.
a) Neutropenia: A significant reduction in the 

absolute number of circulating neutrophils 
in the blood. The absolute neutrophil count 
(ANC) is the basis for neutropenia classifica-
tion and is generally defined as an ANC less 
than 1,500/mm3 (Jacobson & Berliner, 2014; 
Noel & Jaben, 2013). The National Compre-
hensive Cancer Network® (NCCN®, 2017c) 
defines neutropenia as an ANC less than 500/
mm3 or less than 1,000/mm3 with the expec-
tation that the neutrophil count will decline 
to less than 500/mm3 over 48 hours. The 
Common Terminology Criteria for Adverse 
Events stratifies grades of febrile neutropenia 
(National Cancer Institute Cancer Therapy 
Evaluation Program, 2017; see Table 14-1). 
Stratifying the severity of neutropenia related 
to relative risk for infection helps to identify 
those at risk following myelosuppressive ther-
apy (Camp-Sorrell, 2018; Jacobson & Berliner, 
2014; Territo, 2016).

(1) Mild: ANC less than the lower limit of 
normal (LLN) to 1,500/mm3

(2) Moderate: ANC less than 1,500 to 
1,000/mm3

(3) Severe: ANC less than 1,000 to 500/mm3

(4) Life threatening: ANC less than 500/
mm3

b) Anemia : In adults, anemia is defined as a 
hemoglobin (Hgb) of 11 g/dl or lower, or 
2 g/dl or greater below baseline (NCCN, 
2017a). Other references for adults in indus-
trialized nations identify 14 g/dl for men and 
12 g/dl for women as lower limits for normal 

Hgb (Means & Glader, 2014). A decrease in 
the hematocrit or number of red blood cells 
(RBCs) can be used to define anemia, but 
Hgb is used most often because it reflects 
physiologic consequences of anemia (Means 
& Glader, 2014). See Table 14-1 for grading 
of anemia.

c) Thrombocytopenia: Platelet count below the 
LLN, 400–140 × 109/L (Kuter, 2017). See Table 
14-1 for grading of decreased platelet count.

d) Cytopenia: The lack of cellular elements in 
circulating blood

e) Pancytopenia: A depression of the normal bone 
marrow elements: leukocytes, platelets, and 
erythrocytes in the peripheral blood (Tur-
geon, 2018; Zack, 2018)

f) Nadir: Following cytotoxic therapy, the time 
or level at which the lowest blood cell count 
is reached (O’Leary, 2015). The nadir varies 
with individual agents but usually occurs 8–12 
days after treatment (Camp-Sorrell, 2018).

g) Hematopoiesis
(1) Hematopoiesis is the process involved 

in the production of all blood cells 
from hematopoietic stem cells (HSCs). 
In adults, most hematopoiesis occurs 
in the bone marrow in myeloid tissue 
(see Figure 14-1).

(2) The process begins with HSCs, also 
called pluripotent stem cells (Roquiz, 
Al Diffalha, & Kini, 2016; Skubitz, 
2014). These are the most primitive 
type of blood cell and the source of all 
hematopoietic cells. HSCs are able to 
self-renew and maintain their numbers 
because they have the ability to prolif-
erate, differentiate, and mature into 
all cell lines. With each stem cell divi-
sion, one daughter cell stays in the stem 
cell pool while the other daughter cell 
leaves the stem cell pool and becomes 
committed to a distinct cell line. These 
committed progenitor cells differenti-
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ate and mature in the bone marrow. 
Whether HSCs proliferate or differen-
tiate is determined by the body’s needs 
in response to exogenous (e.g., high alti-
tude) or endogenous (e.g., stress, infec-
tion, hemorrhage, drug therapy) influ-
ences. Once released into the blood-
stream, mature cells have a varied life 
span (see Table 14-2).

2. Most chemotherapy agents cause some degree 
of myelosuppression (Zack, 2018). The degree 
and duration of chemotherapy-related myelosup-
pression are related to the agent’s mechanism of 
action (e.g., cell cycle–specific drugs are associ-
ated with rapid cytopenias).

3. Neutropenia: Chemotherapy-induced neutrope-
nia (CIN) is the primary dose-limiting toxicity 
associated with systemic chemotherapy (Zack, 
2018). It has significant negative clinical con-
sequences for patients with cancer, including 
life-threatening infections, prolonged hospital 
stays, dose reductions, and dose delays.
a) Normal physiology of neutrophils (see Fig-

ure 14-1)
(1) Neutrophils and monocytes stem 

from the colony-forming unit–
granulocyte-macrophage progenitor 
cell. The earliest identifiable cell of the 
neutrophil lineage is the myeloblast. 
Differentiation from a myeloblast to a 
segmented neutrophil takes 7–11 days. 
Normal adult bone marrow produces 
approximately 1 × 1011 cells/kg neutro-
phils each day (Roquiz et al., 2016).

(2) Major steps of development (Roquiz et 
al., 2016; Skubitz, 2014)
(a) The HSC gives rise to the myelo-

blast, the earliest form of the neu-
trophil. During this phase, the 
nucleus is round. At the end of this 
phase, granules are evident as the 
cell transitions to a promyelocyte.

(b) Promyelocytes have a large 
nucleus, averaging three to five 
times larger than the cytoplasm 
of the cell. During this phase, the 
granules begin to fade.

(c) During the myelocyte phase, 
the number of primary granules 
decreases, and secondary neutro-
philic granules appear. Myelocytes 
may have nuclei that are round, 
oval, or flattened on one side.

(d) Metamyelocytes are observed with 
indented nuclei that make them 
appear bean-shaped.

(e) Band neutrophils, derived from 
metamyelocytes, evolve when 
the indentation of the nucleus is 
more than half the width of the 
nucleus. At this point, the cell 
is approximately 24 hours from 
maturation into a segmented 
neutrophil. In the presence of 
acute infection or inflammation, 
bands are released early from 
the marrow and complete mat-
uration in circulation.

Table 14-1. Common Terminology Criteria for Adverse Events Grading  
for Neutropenia, Anemia, and Thrombocytopenia

Grade

Adverse Event 1 2 3 4 5

Febrile neutro-
penia

– – ANC < 1,000/mm3 with a single 
temperature > 38.3°C (101°F) or 
a sustained temperature ≥ 38°C 
(100.4°F) for more than 1 hour

Life-threatening 
consequences; 
urgent interven-
tion indicated

Death

Anemia Hgb < LLN–10.0 
g/dl; < LLN–6.2 
mmol/L; < LLN–
100 g/L

Hgb < 10.0–8.0 g/
dl; < 6.2–4.9 mmol/L; 
< 100–80 g/L

Hgb < 8.0 g/dl; < 4.9 mmol/L; < 80 
g/L; transfusion indicated

Life-threatening 
consequences; 
urgent interven-
tion indicated

Death

Decreased 
platelet count

< LLN–75,000/mm3; 
< LLN–75.0 × 109/L

< 75,000–50,000/mm3; 
< 75.0–50.0 × 109/L

< 50,000–25,000/mm3; < 50.0–
25.0 × 109/L

< 25,000/mm3; 
< 25.0 × 109/L

–

ANC—absolute neutrophil count; Hgb—hemoglobin; LLN—lower limit of normal
Note. From Common Terminology Criteria for Adverse Events [v.5.0], by National Cancer Institute Cancer Therapy Evaluation Program, 2017. Retrieved 
from https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf.

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
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Figure 14-1. Hematopoiesis and Cytokine Delineation
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(f) In the segmented neutrophil 
phase, the nucleus has two to five 
lobes connected to each other by 
fine strands.

(3) Locations of neutrophils (Roquiz et 
al., 2016, Skubitz, 2014)
(a) The bone marrow of a healthy 

adult contains both mature seg-
mented neutrophils and imma-
ture neutrophils in various stages 
of development. Neutrophils leave 
the bone marrow for the blood 
through pores that form between 
the marrow parenchyma and 
venous blood vessels.

(b) Once in the bloodstream, these 
cells join the functional pool by 
circulating or lining blood vessel 
walls as marginated cells, mean-
ing they adhere to endothelial 
cells lining the blood vessel. Neu-
trophils exist in the bloodstream 
as mature and immature cells. 
These cells perform a critical 
role in the body’s defense by gen-
erating chemotactic agents (e.g., 
endotoxin-activated serum [Sku-
bitz, 2014]) in response to infec-
tion. The result is activation of neu-

trophil defense and movement of 
neutrophils to the site of infection.

(c) Neutrophils leave the blood for tis-
sue by migrating through endothe-
lial cells, a process called diapede-
sis. After neutrophils enter the tis-
sue, they do not return to circula-
tion or the bone marrow.

(4) Pathophysiology
(a) The bone marrow must constantly 

produce neutrophils because the 
life span of a neutrophil is esti-
mated to be less than 48 hours 
(see Table 14-2). Chemotherapy 
agents suppress bone marrow 
activity and damage stem cells, 
preventing them from continuing 
the maturation process. There-
fore, chemotherapy decreases the 
neutrophil count as mature neu-
trophils die and are not replaced 
(Camp-Sorrell, 2018).

(b) The white blood cell (WBC) 
nadir depends on the specific 
drugs and dosages used. A pro-
longed nadir may occur if stem 
cells fail to repopulate quickly 
following high-dose chemother-
apy (O’Leary, 2015). Neutrope-
nia occurs 8–12 days following 
administration of chemotherapy 
and resolves 21–28 days after com-
pletion of therapy.

i. Cell cycle–specific agents 
(e.g., antimetabolites) are 
generally less damaging 
because they primarily affect 
cells in a specific phase of 
the cell cycle. Severe neutro-
penia can develop when cell 
cycle–specific drugs are used 
in dose-intensification and 
combination chemotherapy 
regimens (Tortorice, 2018).

ii. Cell cycle–nonspecific agents 
(e.g., alkylating agents, nitro-
soureas) are damaging to 
cells in all phases of the 
cell cycle, thereby causing 
more damage to stem cells. 
The extent of neutropenia 
with these agents is depen-
dent on dose, schedule, and 
agent. For example, oxali-
platin as a single agent is 

Table 14-2. Life Spans of Blood Components

Blood Component Typical Life Span

Red blood cell 90–120 days 

Platelet 8–10 days 

Neutrophil < 48 hours

Monocyte 5 days, but dependent on many factors

Macrophage Dependent on many factors

Eosinophil 8–18 hours in blood and 2–5 days in 
tissue 

Basophil 1–2 days

Tissue mast cell Cutaneous: 1 year; mucosal: 1–2 
weeks 

B lymphocyte Depends on type and subtype

T lymphocyte Depends on type and subtype

Natural killer cell Approximately 10 days

Note. Based on information from Kitamura, 1989; Milot & Filep, 2011; 
Min et al., 2012; Nayak et al., 2013; Park & Bochner, 2010; Pillay et al., 
2010; Whitelaw, 1966; Zhang et al., 2007.
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expected to cause mild neu-
tropenia, but in regimens 
with 5-fluorouracil and leu-
covorin, toxicity can be much 
higher (Tortorice, 2018).

iii. Some cell cycle–nonspecific 
agents (e.g., nitrosoureas) 
produce a delayed and pro-
longed neutropenia. In 
adults, nadir occurs at three 
to five weeks, with recovery 
ranging from one to two 
weeks to up to five to six weeks 
(Wilkes & Barton-Burke, 
2018).

(5) Risk factors for developing neutrope-
nia: Risk assessment for CIN should 
be done prior to each cycle of ther-
apy, including initial therapy (NCCN, 
2018b; O’Leary, 2015; see Figure 14-2).
(a) Older than 65 years old

(b) History of severe neutropenia with 
similar chemotherapy

(c) Previous or current chemother-
apy or radiation therapy

(d) Chemotherapy relative dose inten-
sity > 80%

(e) Dose-dense chemotherapy
(f) Chemotherapy regimen (e.g., 

high-dose cyclophosphamide or 
anthracyclines, etoposide) 

(g) Hematologic malignancy, uncon-
trolled or advanced cancer, lung 
cancer

(6) Fever and febrile neutropenia: Fever 
is defined as a onetime oral temper-
ature greater than 101°F (38.3°C) or 
oral temperature of 100.4°F (38°C) 
lasting one hour. Febrile neutropenia 
occurs when the ANC is less than 500/
mm3 or less than 1,000/mm3 with antic-
ipated decline to 500/mm3 or less over 
the next 48 hours and fever as defined 
previously (NCCN, 2017c).

(7) Risk assessment
(a) Assess for febrile neutropenia 

risk prior to each treatment cycle 
(NCCN, 2017c; Wilson et al., 2017). 
Increased infection risk is present 
in patients with fever in the pres-
ence of neutropenia.

(b) Risk factors for developing febrile 
neutropenia (NCCN, 2017b, 2017c)

i. Advanced age
ii. Low neutrophil count at the 

beginning of chemother-
apy cycle

iii. Tumor involvement of bone 
marrow

iv. Poor performance status
v. Renal dysfunction

vi. Liver dysfunction, especially 
elevated bilirubin

vii. Previous myelosuppressive 
chemotherapy or radiation

viii. Preexisting infection, open 
wounds, or recent surgery

ix. Chemotherapy regimen
x. Use of specific medications 

including but not limited 
to phenothiazines, diuret-
ics, and immunosuppres-
sive drugs

(8) Clinical manifestations of infection 
in patients with neutropenia (NCCN, 
2017c; O’Leary, 2015)

Figure 14-2. Risk Factors for Developing  
Febrile Neutropenia 

Patient Related
 • Age > 65 years
 • Female
 • Poor performance status
 • Poor nutritional status
 • Low neutrophil count at the beginning of a treatment cycle
 • Renal dysfunction
 • Liver dysfunction, especially elevated bilirubin
 • Cardiovascular disease
 • Recent surgery
 • Preexisting infection
 • Open wounds

Disease Related
 • Advanced disease stage
 • Tumor involvement of the bone marrow
 • Type of malignancy: Hematologic (leukemia, myelodysplastic 
syndromes), breast, lung, colorectal, ovarian, and lymphoma

 • Preexisting, prolonged, or previous episode of neutropenia

Treatment Related
 • Previous myelosuppressive chemotherapy or radiation
 • Treatment intent (curative intent rather than palliative)
 • Planned relative dose intensity (≥ 85%)
 • Use of specific medications (e.g., immunosuppressive drugs)
 • Chemotherapy intensity (i.e., dose dense, high dose, mye-
loablative)

Note. Based on information from Aapro et al., 2011; Freifeld et al., 2011; 
National Comprehensive Cancer Network, 2017c.
From Putting Evidence Into Practice: Improving Oncology Patient Out-
comes; Prevention of Infection (p. 7), by M. Irwin, C. Erb, C. Williams, 
B.J. Wilson, and L.J. Zitella, 2013, Pittsburgh, PA: Oncology Nursing 
Society. Copyright 2013 by Oncology Nursing Society. Adapted with 
permission.
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(a) A fever greater than 100.4°F 
(38°C) is the most reliable, and 
often the only, sign of infection 
in patients with neutropenia. 
Normally, WBCs cause the classic 
signs of infection (e.g., redness, 
edema, pus). Extremely neutrope-
nic patients, however, may not be 
able to manifest the usual signs of 
infection (NCCN, 2017c).

(b) Common sites of infection and 
corresponding signs and symp-
toms in neutropenic patients 
(Camp-Sorrell, 2018)

i. Gastrointestinal tract: Fever, 
abdominal pain, alimentary 
mucositis (mucositis at any 
level of the digestive tract), 
diarrhea

ii. Respiratory tract: Fever, 
cough, dyspnea on exertion, 
adventitious breath sounds, 
chest discomfort, asymmet-
ric chest wall movement, 
nasal flaring

iii. Genitourinary tract: Fever, 
dysuria, frequency, urgency, 
hematuria, cloudy urine, 
flank pain, perineal itching, 
vaginal discharge

iv. Head and neck: Swelling, 
itching, eye redness or drain-
age, ear pain or discharge, 
nasal congestion or drain-
age, oral ulcerations, diffi-
culty swallowing, fever

v. Indwelling devices (e.g., 
venous acces s  dev ices 
[VADs], ventricular perito-
neal shunts): Fever, erythema, 
pain or tenderness, edema, 
drainage, induration at site

vi. Dermatologic and mucous 
membranes: Erythema, ten-
derness, warm skin, edema 
(especially in axilla, mouth, 
sinuses, perineal, or rectal 
areas), rashes, itching, skin 
lesions, fever, draining open 
wounds

vii. Central nervous system: 
Change in mental status, 
headache, seizure, vision 
changes, photosensitivity, 
fever, nausea, lethargy

viii. Hematologic/immunologic: 
Decrease in diastolic blood 
pressure, headache, oliguria, 
fever, flushed appearance

(c) Septic shock associated with neu-
tropenia has a high mortality rate 
(O’Leary, 2018).

(9) ANC calculation: Use laboratory data 
to assess neutropenia by calculating the 
ANC. Note that neutropenia can occur 
when the total WBC count is within the 
normal range of 4,000–10,000/mm3 
(Camp-Sorrell, 2018; Marionneaux, 
2016). Consequently, calculating the 
ANC is essential to achieving a cor-
rect assessment of neutrophil status. 
To calculate ANC, ANC = % neutro-
phils (polys + bands) × WBCs.
(a) Obtain complete WBC count 

including differential. The differ-
ential will include mature neutro-
phils, also referred to as segs for 
segmented neutrophils or PMNs/
polys for polymorphonuclear neu-
trophils. In addition, less mature 
neutrophils will be present; these 
are known as bands.

(b) Add the total number of mature 
polys and less mature neutrophil 
bands.

(c) Convert sum from (b) to a per-
centage.

(d) Multiply total WBC count by total 
neutrophil percentage (polys + 
bands). ANC calculation exam-
ple: WBCs = 1,500, polys = 30, 
bands = 5.

i. Add polys and bands: 30 + 
5 = 35.

ii. Convert sum to percentage: 
35 ÷ 100 = 0.35.

iii. Multiply WBC count by per-
centage to find ANC: 1,500 
× 0.35 = 525/mm3.

(10)  Collaborative management
(a) Nurses play an important role in 

preventing infection in patients 
with neutropenia and cancer 
through evidence-based nursing 
practice, research, and patient 
education (Wilson et al., 2017).

i. Hand hygiene: Proper hand 
hygiene is the most effective 
measure to prevent the spread 
of infection. It reduces the 
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risk of healthcare-associated 
infections by decreasing 
person-to -person trans -
mis s ion of  pat hogens 
(Camp-Sorrell, 2018; Cen-
ters for Disease Control and 
Prevention, 2017; Wilson et 
al., 2017).

ii. Diet: No recent studies have 
linked neutropenic diets 
(restricting fresh fruits and 
vegetables) with a lower risk 
of infection for neutrope-
nic patients with cancer. 
Dietary precautions regard-
ing the omission of fresh 
fruits and vegetables remain 
unsupported (Gardner et al., 
2008). Uncooked fruits and 
vegetables should be thor-
oughly washed (Wilson et al., 
2017). Basic safe food han-
dling practices, such as avoid-
ing uncooked and under-
cooked meats, seafood, and 
eggs and unwashed fruits 
and vegetables, should be 
employed (Camp-Sorrell, 
2018).

iii. Environment: Protective or 
strict isolation studies reveal 
no significant differences 
in documented infections, 
febrile episodes, or antibi-
otic use for patients with CIN. 
Protective isolation has no 
effect on the host’s endog-
enous flora and no impact 
on organisms transmitted by 
water or food (Camp-Sorrell, 
2018).
• In general, patients with 

CIN do not require specific 
room ventilation.

• Allogeneic hematopoietic 
stem cell transplant recip-
ients are recommended to 
be placed in rooms with 
HEPA filtration with more 
than 12 air exchanges per 
hour. Air pressure in these 
rooms should be positive 
when compared to sur-
rounding areas, such as 
hallways, toilets, and ante-

rooms (Anderson-Reitz, 
2018; Stoll, da Rocha Silla, 
Cola, Splitt, & Moreira, 
2013; Zack, 2018).

iv. Plants and f lowers : No 
research studies are avail-
able that evaluate the poten-
tial harm of plants and flow-
ers to patients with CIN (Wil-
son et al., 2017).
• Because fresh or dried 

f lowers could expose 
patients with cancer to 
Aspergillus and Fusarium, 
they should be kept out of 
patient rooms (Freifeld et 
al., 2011).

• If plants must be present, 
plant care should be done 
by staff not directly caring 
for patients (Sehulster & 
Chinn, 2003).

• If patient caregivers are 
unable to avoid plant care, 
they should wear gloves 
and perform hand hygiene 
after removing gloves.

v. Treatment with colony- 
st imulating factors (see 
Table 14-3)
• Gr a nu loc y te  macro -

phage–colony-stimulating 
factor (sargramostim) 
(Genzyme Corp., 2013)

• Gr a nu loc y te – colony - 
stimulating factor (G-CSF; 
filgrastim, pegfilgrastim) 
(Amgen Inc., 2015, 2016). 
NCCN (2018b) recom-
mends use of these drugs 
when the risk of febrile 
neutropenia is greater 
than 20%.

• The manufacturer recom-
mends initiation of G-CSF 
no earlier than 24 hours 
following chemotherapy 
(Amgen Inc., 2015, 2016).

• The manufacturer of 
G-CSF warns that safety of 
administration simultane-
ously with chemotherapy 
has not been established. 
The rationale is the poten-
tial sensitivity of rapidly 
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Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Colony-stimulating 
factor

Stimulates eryth-
ropoiesis via the 
same mechanism 
as endogenous 
erythropoietin

Darbepoetin
(Aranesp®)

IV, SC Treatment of anemia associated 
with chronic renal failure whether 
or not the patient is receiving 
dialysis

Treatment of anemia caused by 
concomitantly administered che-
motherapy in patients who, upon 
initiation of darbepoetin, have 
≥ 2 additional months of planned 
chemotherapy

Shortness of breath, cough, 
low blood pressure during 
dialysis, abdominal pain, 
edema of arms and legs, 
hypertension, rash, urti-
caria, pure red cell apla-
sia, myalgia, infection, 
fatigue, diarrhea, throm-
botic events

Increased risk of death and seri-
ous cardiovascular events exists 
when administered if hemoglobin 
is > 12 g/dl.

Ensure adequate iron stores in 
patients prior to and during use.

Agent may be administered every 
1, 2, or 3 weeks, but dosing 
schedule should be consistent.

Use lowest effective dose.
Do not shake vials or syringes 

containing the drug.
Store in refrigerator.
Do not freeze.
(Amgen Inc., 2017a)

Epoetin alfa
(Procrit®, Epo-
gen®)

SC Treatment of anemia associated 
with renal failure whether or not 
the patient is receiving dialysis

Treatment of anemia associated 
with treatment using zidovudine 
in HIV-infected patients

Treatment of anemia in patients 
with nonmyeloid malignancies 
where anemia is caused by con-
comitant use of chemotherapy 
for ≥ 2 months.

Treatment of anemia in patients 
scheduled to undergo elective 
noncardiac, nonvascular surgery 
to reduce the need for allogeneic 
red blood cell transfusions

Contraindicated when goal of che-
motherapy is curative

Hypertension, rash, urti-
caria, pure red cell apla-
sia, myalgia, infection, 
fatigue, edema, diarrhea, 
thrombotic events

Increased risk of death and seri-
ous cardiovascular events exists 
when administered if hemoglobin 
is > 12 g/dl.

Ensure adequate iron stores in 
patients prior to and during use.

Agent may be given three times 
weekly or once weekly.

Use lowest effective dose.
Do not shake vials or syringes 

containing the drug.
Store in refrigerator.
Do not freeze.
(Amgen Inc., 2017b; Janssen 

Products, LP, 2017)

(Continued on next page)
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Table 14-3. Growth Factors (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Colony-stimulating 
factor (cont.)

Regulates the pro-
duction of neu-
trophils within the 
bone marrow

Filgrastim
(G-CSF, 
Neupogen®)

IV, SC To decrease the incidence of infec-
tion in patients with nonmyeloid 
malignancies who are receiving 
myelosuppressive cancer thera-
pies associated with severe neu-
tropenic fever

To reduce the time to neutrophil 
recovery and duration of fever 
following induction or consoli-
dation chemotherapy in patients 
with AML

To reduce the duration of neutro-
penia and associated sequelae 
in patients receiving myeloabla-
tive chemotherapy prior to HSCT

To mobilize hematopoietic progen-
itor cells into peripheral blood for 
collection via leukapheresis

For chronic administration to 
reduce the incidence and dura-
tion of sequelae of neutropenia 
in patients with congenital, cyclic, 
or idiopathic neutropenia

Allergic reactions, includ-
ing urticaria, rash, and 
facial edema; acute respi-
ratory distress syndrome, 
nausea, vomiting, bone 
pain secondary to rapid 
growth of myeloid cells in 
the bone marrow, fever, 
severe sickle cell cri-
sis in patients with sickle 
cell disorder; risk of rare 
splenic rupture

Store in refrigerator.
Do not freeze.
Agent may be diluted with 5% dex-

trose in water.
Do not dilute with saline solutions.
Do not shake.
Filgrastim is not to be adminis-

tered in the 24 hours prior to 
chemotherapy through 24 hours 
after chemotherapy completion. 
SC dosing continues daily up to 
14 days, until postnadir absolute 
neutrophil count > 10,000/mm3 is 
achieved.

(Amgen Inc., 2015)

Pegfilgrastim
(Neulasta®)

SC To decrease the incidence of infec-
tion related to neutropenia in 
patients with nonmyeloid malig-
nancies receiving myelosuppres-
sive chemotherapy

Allergic reactions, including 
urticaria, rash, and facial 
edema; acute respiratory 
distress syndrome, nau-
sea, vomiting, bone pain 
secondary to rapid growth 
of myeloid cells in the 
bone marrow, fever, sickle 
cell crisis in patients with 
sickle cell disorder; injec-
tion site reaction; risk of 
rare splenic rupture

Pegfilgrastim is cleared by neu-
trophil receptor binding, with 
serum clearance directly related 
to number of neutrophils. Do not 
administer in the period begin-
ning 14 days before and until 
24 hours after administration of 
cytotoxic chemotherapy.

Administer as a single 6 mg injec-
tion once per chemotherapy 
cycle.

The 6 mg fixed dose should not be 
administered to children or adoles-
cents weighing less than 45 kg.

Store in refrigerator.
Do not freeze.
Do not shake.
(Amgen Inc., 2016)

(Continued on next page)
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Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Hematopoietic stem 
cell mobilizer

When combined 
with G-CSF, mobi-
lizes hematopoi-
etic stem cells 
to the peripheral 
blood where they 
can be collected 
for transplant

Plerixafor 
(Mozobil®)

SC approx-
imately 11 
hours prior 
to apher-
esis

Following 4 days of once-daily 
G-CSF, plerixafor is administered 
up to 4 consecutive days for 
patients with multiple myeloma 
and non-Hodgkin lymphoma 
undergoing subsequent autolo-
gous HSCT.

Diarrhea, nausea, vomit-
ing, fatigue, headache, 
arthralgia, dizziness, 
injection site reactions

Potential for splenic rup-
ture, tumor cell mobili-
zation, and embryo-fetal 
toxicity

Monitor patients during and follow-
ing administration for anaphylac-
tic shock and serious hypersen-
sitivity reactions.

Plerixafor is not indicated for 
patients with leukemia.

For creatinine clearance < 50 ml/
min, decrease dose by one-third 
to 0.16 mg/kg.

Monitor blood counts, as an 
increase in circulating leukocytes 
and decrease in platelets have 
been reported.

(Genzyme Corp., 2015)

Induces com-
mitted progeni-
tor cells to divide 
and differenti-
ate in the gran-
ulocyte-macro-
phage pathways, 
including neutro-
phils, monocytes/
macrophages, and 
myeloid-derived 
dendritic cells

Sargramostim
(GM-CSF, 
Leukine®)

IV, SC To shorten neutrophil recovery and 
reduce incidence of infection fol-
lowing induction chemotherapy in 
patients with AML

To cause mobilization of hemato-
poietic progenitor cells for col-
lection via leukapheresis and 
to speed engraftment follow-
ing autologous transplantation of 
progenitor cells

To accelerate myeloid recovery fol-
lowing allogeneic HSCT

To prolong survival in patients with 
delayed or failed engraftment fol-
lowing HSCT

Edema, capillary leak syn-
drome, pleural or pericar-
dial effusions, dyspnea, 
fever, abdominal pain, 
headache, chills, diar-
rhea, occasional transient 
supraventricular arrhyth-
mia, bone pain secondary 
to rapid growth of myeloid 
cells in the bone marrow

Dilute in normal saline solution for 
IV use.

Store in refrigerator.
Do not freeze.
Do not shake.
Do not administer through in-line 

filter.
Monitor complete blood count for 

elevated white blood cell and 
platelet count.

Safety and effectiveness have not 
been established for pediatric 
patients.

(Genzyme Corp., 2013)

Leukocyte growth 
factor (short acting)

Binds to G-CSF 
receptors and 
stimulates prolif-
eration of neutro-
phils

Tbo-filgrastim
(Granix®)

SC To reduce duration of severe neu-
tropenia in patients with non-
myeloid malignancies receiv-
ing myelosuppressive anticancer 
drugs associated with a clinically 
significant incidence of febrile 
neutropenia

Bone pain; allergic reac-
tions, including angio-
neurotic edema, dermati-
tis, drug hypersensitivity, 
hypersensitivity reaction, 
rash, pruritic rash, and 
urticaria; sickle cell cri-
sis; acute respiratory dis-
tress syndrome; splenic 
rupture

Safety and effectiveness have 
not been established in patients 
younger than age 18.

Administer first dose no sooner 
than 24 hours following chemo-
therapy or within 24 hours prior 
to chemotherapy.

(Teva Pharmaceuticals USA, Inc. 
2012)

(Continued on next page)
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Table 14-3. Growth Factors (Continued)

Classification
Mechanism of 

Action Drug Route Indications Side Effects Nursing Considerations

Leukocyte growth 
factor

G-CSF analog 
used to stimulate 
the proliferation 
and differentiation 
of neutrophils

Filgrastim-
sndz (Zarxio®)

SC To decrease incidence of infection 
in patients with cancer receiving 
myelosuppressive chemotherapy

To reduce time to neutrophil recov-
ery and duration of fever follow-
ing induction or consolidation 
chemotherapy for AML

To reduce duration of neutrope-
nia and neutropenia-related 
sequelae in patients with cancer 
undergoing HSCT

To mobilize autologous hematopoi-
etic progenitor cells for collection 
by leukapheresis

To reduce incidence and duration 
of neutropenia-related sequelae 
in symptomatic patients with con-
genital neutropenia‚ cyclic neu-
tropenia‚ or idiopathic neutro-
penia

Splenic rupture, acute 
respiratory distress syn-
drome, glomerulonephri-
tis, alveolar hemorrhage, 
capillary leak syndrome, 
serious allergic reac-
tions, sickle cell crisis in 
patients with sickle cell 
trait or sickle cell disease

For patients receiving myelosup-
pressive chemotherapy or induc-
tion/consolidation chemotherapy 
for AML: Recommended start-
ing dose is 5 mcg/kg/day by SC 
injection, short IV infusion (15–
30 minutes), or continuous IV 
infusion.

For patients undergoing HSCT: 
Recommended dose is 10 mcg/
kg/day given as IV infusion no 
longer than 24 hours.

Do not inject a dose < 0.3 ml (180 
mcg) from a Zarxio prefilled 
syringe. A dose < 0.3 ml cannot 
be accurately measured using 
the prefilled syringe.

Administer drug at least 24 hours 
after cytotoxic chemotherapy.

(Sandoz Inc., 2017)

Thrombopoietic 
growth factor

Stimulates mega-
karyocytopoie-
sis and thrombo-
poiesis

Oprelvekin
(interleu-
kin-11, Neu-
mega®)

SC To prevent severe thrombocyto-
penia and reduce the need for 
platelet transfusions in patients 
with nonmyeloid malignancies 
receiving chemotherapy with 
high risk of severe thrombocy-
topenia

Anaphylaxis, dilutional 
anemia, diarrhea, dizzi-
ness, fever, fluid reten-
tion (which can result in 
peripheral edema, pul-
monary edema, dyspnea, 
capillary leak syndrome, 
atrial arrhythmias, and 
exacerbation of preexist-
ing pulmonary effusions), 
headache, nausea, vom-
iting, insomnia, rhinitis, 
cough, injection site reac-
tions

Store in refrigerator.
Do not freeze.
Reconstitute with sterile water.
Oprelvekin should be used within 

3 hours of reconstitution.
Do not shake or freeze following 

reconstitution.
Protect from light.
Dosing should begin 6–24 hours 

after completion of chemother-
apy. Discontinue when post-
chemotherapy platelet nadir is > 
50,000/mm3 and 2 days before 
next chemotherapy cycle.

(Wyeth Pharmaceuticals Inc., 
2015)

AML—acute myeloid leukemia; G-CSF—granulocyte–colony-stimulating factor; GM-CSF—granulocyte macrophage–colony-stimulating factor; HSCT—hematopoietic stem cell transplantation; IV—intravenous; 
SC—subcutaneous
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dividing myeloid cells to 
cytotoxic agents (Amgen 
Inc., 2015, 2016).

vi. Prevention of trauma to the 
patient’s skin and mucous 
membranes (O’Leary, 2015; 
Wilson et al., 2017)
• Provide meticulous care 

for all indwelling devices.
• Prevent pressure sores and 

constipation.
• Change water in pitchers, 

denture cups, and nebu-
lizers at least daily.

• Consider risk–benefit ratio 
for invasive procedures 
(e.g., thoracentesis, para-
centesis, VAD placement).

• Use only an electric razor 
to shave unwanted hair.

• Protect skin from cuts 
and burns. Immediately 
cleanse and treat any 
wound that breaks the skin.

• Use a soft toothbrush for 
frequent (minimum of 
three to four times daily) 
oral care. Allow tooth-
brush to dry before stor-
ing (Brown, 2015).

vii. Patient education on pro-
tective measures for neu-
tropenic patients (Brown, 
2015; Camp-Sorrell, 2018; 
O’Leary, 2015)
• Report fever, chills, and 

other signs and symptoms 
of infection at onset.

• M a i n t a i n  p e r s o n a l 
hygiene.

• Wash hands frequently 
with soap and water or 
an antiseptic hand rub. 
Hands may remain colo-
nized with microorgan-
isms if they are not dried 
properly after washing.

• Bathe daily.
• Avoid activities that may 

compromise skin integrity.
• Wear gloves when working 

in the garden.
• Perform frequent (three 

to four times per day) oral 
assessment and care.

• Cleanse the perineal area 
from front to back after 
toileting.

• Avoid exposure to patho-
gens or people who are 
experiencing signs and 
symptoms of contagious 
conditions.

viii. Protective measures
• Do not share food utensils.
• Do not eat any food that 

has not been either cooked 
or washed.

• Adhere to safe food han-
dling practices, and avoid 
consuming food when 
safety of preparation, stor-
age, or serving is not guar-
anteed.

• Do not provide direct care 
for pets or farm animals; 
avoid contact with animal 
excreta.

• Refrain from direct or 
indirect contact with rep-
tiles, fish, and birds.

• Avoid exposure to fresh 
or dried plants and flow-
ers because of risk of Asper-
gillus infection. Plant care 
may be done by staff not 
directly providing care to 
the patient.

• Do not enter, t ravel 
through, or stay in an area 
of construction or renova-
tion or where construction 
material or debris has been 
placed or where fields have 
recently been plowed.

• Consider vaccination for 
influenza and pneumonia 
(Centers for Disease Con-
trol and Prevention, 2015).

• Avoid contact with people 
who have been vaccinated 
with a live vaccine within 
the past 30 days.

(b) Management of neutropenic fever
i. Use of colony-stimulating 

factors after a patient is diag-
nosed with febrile neutro-
penia is not recommended 
(Moore, Vu, & Strickland, 
2014).
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ii. Obtain cultures (NCCN, 
2017c).
• Urine: If symptomatic, 

with catheter, or if urinal-
ysis is abnormal

• Blood: Two sets (one set 
includes two bottles). If 
patient has a central VAD 
and it is thought to be the 
cause of the infection, 
options include the fol-
lowing:

 – One peripheral and 
one central VAD. The 
lab can study time to 
positivity to determine 
if the central line is the 
source of the blood-
stream infection.

 – Both peripheral
 – Both from central VAD

• Stool: For diarrhea, fol-
low institutional guide-
lines for Clostridium difficile 
assay and enteric patho-
gen screen.

• Skin: Aspirate or biopsy 
skin lesions. Vesicular 
or ulcerated skin lesions 
require viral cultures.

• VAD cutaneous site: Con-
sider routine fungal/Myco-
bacterium culture if inflam-
mation is present.

• Throat/nasophar ynx: 
When respiratory viral 
symptoms are present, 
especially during seasonal 
outbreaks

iii. Conduct site-specific his-
tory and physical examina-
tion with attention to iden-
tifying the source of infec-
tion (NCCN, 2017c).
• Assess VADs, skin, lungs, 

sinuses, mouth, pharynx, 
esophagus, bowel, rectum, 
and perivaginal and peri-
rectal areas for signs and 
symptoms of infection.

• Obtain historical data, 
including comorbidities, 
date and regimen of last 
chemotherapy, previous 
infections, recent anti-

biotic therapy or pro-
phylaxis, medications, 
and HIV status. Explore 
exposure risks, includ-
ing anyone at home with 
similar symptoms, pets, 
travel, recent blood prod-
uct transfusion, or expo-
sure to tuberculosis.

iv. Obtain a chest x-ray if respi-
ratory symptoms are present.

v. Once initial cultures have 
been obtained, administer 
empiric broad-spectrum 
antibiotics as ordered until 
organism source is identi-
fied.

vi. Monitor blood culture 
reports daily and anticipate 
antibiotic therapy based on 
findings.

4. Anemia
a) Erythropoiesis: The process of erythro-

cyte (RBC) production in the bone marrow 
(Doig, 2016)

(1) The kidneys are the primary producers 
of erythropoietin (EPO), the growth 
factor that stimulates HSCs to pro-
duce RBCs.

(2) RBC production is regulated by oxygen 
levels. When oxygen levels are low, the 
kidney releases EPO to stimulate HSCs 
to produce more RBCs.

b) Normal physiology of erythrocytes (Doig, 
2016; Turgeon, 2018; see Figure 14-1): In the 
bone marrow, the HSC becomes an eryth-
rocyte via a series of maturation phases that 
takes about five days.

(1) The earliest identifiable stage is the 
pronormoblast (rubricyte). These cells 
take about 12 hours to divide into baso-
philic normoblast daughter cells.

(2) In approximately 20 hours, the nor-
moblast cells continue maturation 
marked by accumulation of more RNA 
and hemoglobin. When they divide, 
they become polychromatophilic nor-
moblasts.

(3) Polychromatophilic normoblasts are 
smaller than their precursor cells, and 
nucleoli are no longer visible. Prolifer-
ation is apparent in this phase (about 
30 hours), as polychromatophilic nor-
moblasts outnumber cells in earlier 
development by 3:1. Under normal cir-
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cumstances, polychromatophilic nor-
moblasts are absent in adult periph-
eral blood. Small numbers are normal 
in the peripheral blood of newborns.

(4) Orthochromatic normoblasts are 
derived in about 48 hours from poly-
chromatophilic normoblasts. In this 
phase, the nucleus is unable to synthe-
size DNA, thereby ending cell division.

(5) In the polychromatophilic erythro-
cyte (reticulocyte) phase, the nucleus 
is phagocytized after being pushed 
out of the cell. The reticulocyte either 
remains in the bone marrow for sev-
eral days to mature or is released and 
matures in the spleen for one to two 
days. At this point, the erythrocyte 
holds approximately two-thirds of its 
Hgb content.

c) Without a nucleus, mature erythrocytes can-
not synthesize Hgb. They are able to trans-
port oxygen from the lungs to tissue and, 
because of their flexible form, move easily 
through microcirculation to do so.

d) Iron is essential for RBC production. Iron 
reaches the precursor cells bound to trans-
ferrin, where it is used for heme synthe-
sis and stored as ferritin in bone marrow 
reticuloendothelial cells, the liver, and the 
spleen. Dietary sources provide and main-
tain iron stores.

e) EPO is a hormone primarily (90%) pro-
duced by the peritubular cells of the kid-
neys and to a lesser extent in the liver. The 
plasma half-life of EPO is six to nine hours. 
Levels vary as they respond to internal (e.g., 
decreased Hgb level) and external (e.g., high 
altitude) signals of low oxygen tension within 
kidney tissue. During anemia or hypoxemia, 
EPO is secreted into the plasma and stimu-
lates activity of erythrocyte precursor cells. 
As a result, the reticulocyte count is ele-
vated by an early and increased number of 
polychromatophilic cells released from the 
bone marrow.

f) RBC mass and volume: Homeostasis of eryth-
ropoiesis is a continuous process driven by 
oxygen levels and EPO response. The aver-
age number of circulating RBCs in adults 
is five million RBCs per microliter (Frit-
sma, 2016a).

g) RBC life span: A typical RBC has a life span 
of approximately 120 days in peripheral cir-
culation (Manchanda, 2016; see Table 14-2). 
The turnover is generally 1% per day (Man-

chanda, 2016). The RBC life span, time for 
maturation in the bone marrow, and low turn-
over explain why anemia occurs later than 
neutropenia and thrombocytopenia follow-
ing myelosuppressive therapy (Camp-Sorrell, 
2018).

h) Pathophysiology
(1) Many causes for anemia exist in patients 

with cancer. Myelosuppressive ther-
apy, bone marrow involvement, inad-
equate EPO levels, and RBC destruc-
tion all may contribute to the develop-
ment of anemia (Camp-Sorrell, 2018; 
Pace, 2015).

(2) Classification of anemia based on RBC 
size: Mean corpuscular volume, which 
reflects the size of RBCs, is used in the 
differential diagnosis of microcytic, 
normocytic, or macrocytic anemia 
(Means & Glader, 2014; Pace, 2015; 
see Table 14-4).

i) Incidence
(1) Many patients (30%–90%) experience 

some degree of anemia associated with 
the diagnosis and treatment of cancer 
(NCCN, 2017a). Severity may increase 
with comorbidities, concurrent radi-
ation therapy, and insufficient nutri-
tional intake. The incidence of anemia 
in patients with hematologic malignan-
cies has been reported as three times 
higher than in those with solid tumors 
(Camp-Sorrell, 2018).

(2) The cancer diagnosis, frequency of 
treatments, regimen, and dosing sched-
ule contribute to the onset, severity, 
and duration of anemia (Means, 2014).

j) Risk factors
(1) Medications that suppress bone mar-

row function, interfere with erythro-
cyte development and function, or sup-
press EPO production
(a) Platinum drugs, due to combined 

renal and bone marrow toxicity 
(NCCN, 2017a)

(b) Immunotherapies (e.g., alemtu-
zumab [Genzyme Corp., 2014])

(c) Pharmacologic agents: Dapsone, 
methylphenylethylhydantoin, 
phenylbutazone, primaquine, 
tetracycline, and trimethadione 
(Keohane, 2016)

(d) High-dose chemotherapy for 
hematopoietic stem cell trans-
plantation
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(2) Malignancies that originate or metasta-
size to the bone marrow and suppress 
RBC precursors

(3) Radiation therapy to areas of the skel-
eton involved with hematopoiesis 
(Camp-Sorrell, 2018; NCCN, 2017a)

(4) Acute or chronic blood loss directly 
related to tumor invasion

(5) Advanced age, which places patients at 
risk for anemia of malignancy (Means 
& Glader, 2014)

(6) Poor nutrition: Anorexia, nausea, vom-
iting, stomatitis, early satiety, and diar-
rhea may contribute to decreased oral 
intake and absorption of nutrients. Lack 
of calorie, protein, vitamin, and min-

eral intake, reflected in weight loss or 
weakness, compromises cellular func-
tions, including erythrocyte produc-
tion (Pace, 2015).

(7) Comorbidities
(a) Renal insufficiency: Chemotherapy 

agents known to have nephrotoxic 
properties (e.g., cisplatin) place 
patients at risk because kidney 
function is essential for EPO pro-
duction. When EPO levels are low, 
more hypoxia is required to stimu-
late EPO response (Camp-Sorrell, 
2018; NCCN, 2017a).

(b) Alcohol abuse and liver dysfunc-
tion (Means & Glader, 2014)

(c) Cardiopulmonary disease (Means 
& Glader, 2014; NCCN, 2017a)

(8) Female gender (Means & Glader, 2014)
k) Clinical manifestations (Means & Glader, 

2014)
(1) Cardiopulmonary

(a) Dyspnea, hypoxia
(b) Tachycardia, heart murmurs
(c) Orthostatic hypotension

(2) Integumentary
(a) Pallor of oral mucous membranes, 

conjunctivae, lips, nail beds, and 
palms of hands or soles of feet

(b) Hair loss, thinning, and early 
graying

(c) Brittle fingernails and toenails
(d) Cyanosis
(e) Hypothermia

(3) Neuromuscular
(a) Headache, dizziness
(b) Drowsiness, restlessness, inability 

to concentrate
(c) Paresthesias
(d) Fatigue, weakness

(4) Decreased urine output
l) Adverse outcomes (Gosselin, 2018)

(1) Because low tissue oxygenation is 
related to reduced sensitivity of tumors 
to radiation therapy and some chemo-
therapy, hypoxia may adversely affect 
treatment outcomes.

(2) Low oxygen levels are directly associ-
ated with fatigue and weakness and may 
adversely affect quality of life.

(3) Hypoxic tissue promotes angiogenic 
factors that may contribute to tumor 
growth.

(4) Postoperative mortality is increased in 
the presence of anemia.

Table 14-4. Classifications of Common Cancer-
Related Anemias

Anemia 
Type Description

Differential 
Diagnosis

Microcytic Decreased mean 
corpuscular volume 
(MCV) (< 80 femto-
liters [fl])

Red blood cells 
(RBCs) small in 
size

Iron deficiency
Anemia of chronic dis-

ease
Thalassemia minor
Sideroblastic anemia

Normocytic Normal MCV (80–
100 fl)

RBCs normal in size

Anemia of chronic dis-
ease

Hemolytic anemia
Aplastic anemia
Renal failure

Macrocytic Increased MCV 
(> 100 fl)

RBCs large in size

B12 deficiency
Folate deficiency
Myelodysplastic syn-

dromes

Low reticu-
locyte count 

Decreased RBC pro-
duction

< 0.5%–1.5% of 
erythrocytes

Anemia of chronic dis-
ease

Aplastic anemia
Iron deficiency
Vitamin B12 deficiency
Folate deficiency
Bone marrow suppres-

sion or infiltration

High reticu-
locyte count 

Increased RBC 
destruction

> 0.5%–1.5% of 
erythrocytes

Hemolysis
Chemotherapy 

induced
Autoimmune

Note. Based on information from Loney & Chernecky, 2000; Lynch, 
2006.
From “Cancer-Related Anemia: Clinical Review and Management Up-
date,” by B. Hurter and N.J. Bush, 2007, Clinical Journal of Oncology 
Nursing, 11, p. 350. Copyright 2007 by Oncology Nursing Society. Re-
printed with permission.
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(5) Survival times of anemic patients are 
shorter compared to those without ane-
mia for most tumor types.

m) Management (NCCN, 2017a, 2018a)
(1) Fatigue is an early and frequent symp-

tom of anemia with significant neg-
ative impact on quality of life. Inter-
ventions should be aimed at identify-
ing and managing fatigue.
(a) Encourage frequent rest periods 

to conserve energy.
(b) Use exercise when benefits out-

weigh risks.
(c) Explore complementary therapies 

(e.g., relaxation, massage, yoga) 
with potential to minimize fatigue 
(NCCN, 2018a).

(d) Assess nutritional intake for ade-
quate content and quantity.

(e) Teach patients and family mem-
bers/caregivers the importance 
of hydration.

(2) Monitor laboratory results related to 
anemia (see Table 14-5) and take appro-
priate action when abnormal (e.g., B12 
and iron deficiencies).

(3) Interventions for hypoxia
(a) Provide supplemental oxygen.
(b) Teach energy conservation.
(c) Consider measures to increase 

Hgb (Camp-Sorrell, 2018; NCCN, 
2017a).

i. Blood transfusions
ii. Erythropoiesis-stimulating 

agents (see Table 14-3)
iii. The manufacturer’s (Amgen 

Inc., 2017a, 2017b) black 
box warning is supported 
by eight randomized stud-
ies that each demonstrated 
decreased overall survival and 
locoregional control when 
erythropoiesis-stimulating 
agents were used in patients 
diagnosed with advanced 
breast, cervical, head and  
neck ,  l y mphoid ,  a nd 
non-small cell lung cancer.

5. Thrombocytopenia
a) Normal physiology of platelets (Fritsma, 

2016b; Geddis, 2014; see Figure 14-1)
(1) The thrombocyte (platelet) precursor 

megakaryocyte is the largest hematopoi-
etic cell descending from the HSC. The 
goal of thrombopoiesis is to produce and 

release mature platelets so that a nor-
mal amount (150,000–400,000/mm3) 
is circulating at any given time.

(2) The major steps in thrombopoiesis
(a) Maturation begins with mega-

karyoblasts that increase in 
amounts of cytoplasm and nuclear 
components as they become pro-
megakaryocytes.

(b) During the promegakaryocyte 
phase, the nucleus continues to 
enlarge and becomes lobulated 
in preparation for the megakaryo-
cyte phase.

Table 14-5. Laboratory Assessment of Anemia: 
Normal Values (Adults)

Laboratory Test Normal Value

Red blood cell count Male: 4.7–6 million cells/mcl; 
female: 4.2–5.4 million cells/
mcl

Hemoglobin Male: 13.5–18 g/dl; female: 
12–16 g/dl

Hematocrit Male: 42%–52%; female: 
37%–47%

Mean corpuscular volume 78–100 fl

Mean corpuscular hemo-
globin 

27–31 pg/cell

Red cell distribution width 11.5%–14%

Reticulocyte count 0.5%–1.85% of erythrocytes

Ferritin Male: 20–300 ng/ml; female: 
15–120 ng/ml

Serum iron Male: 75–175 mcg/dl; female: 
65–165 mcg/dl

Total iron-binding capacity 250–450 mcg/dl

Serum erythropoietin level Male: 17.2 mU/ml; female: 
18.8 mU/ml

Coombs test (direct and indi-
rect)

Negative

Serum B12 190–900 pg/ml

Serum folate > 3.5 mcg/L

Note. Based on information from Cullis, 2011; Knovich et al., 2009; Van 
Vranken, 2010.
From “Anemia of Chronic Disease” (p. 957), by B. Faiman in D. Camp-
Sorrell and R.A. Hawkins (Eds.), Clinical Manual for the Oncology Ad-
vanced Practice Nurse (3rd ed.), Pittsburgh, PA: Oncology Nursing So-
ciety. Copyright 2013 by Oncology Nursing Society. Reprinted with per-
mission.
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(c) When the cell reaches the mega-
karyocyte phase, invagination 
of the cytoplasm occurs, begin-
ning delineation of individual 
platelets.

(d) When the megakaryocyte com-
pletes maturation, its membrane 
ruptures and the cytoplasm sep-
arates into platelets. One mega-
karyocyte is able to release thou-
sands of platelets.

(e) Platelets are released into the cir-
culation as the cytoplasm extends 
through a basement membrane 
of the bone marrow. Continued 
separation of the platelet-forming 
cytoplasm may occur after the 
cells reach the sinuses. The life 
span of circulating platelets is 
seven to eight days (see Table 
14-2). There is no reserve in the 
bone marrow.

(3) When blood vessel wall integrity is dam-
aged, platelets are incorporated into 
the vessel wall and assist the endothe-
lial cells in regaining vessel integrity by 
releasing platelet-derived growth fac-
tor (Smyth, 2014).

(4) Platelet plug formation involves adhe-
sion and aggregation of platelets in 
response to vascular damage. Plate-
lets are able to fulfill this vital role in 
hemostasis only when normal in num-
ber and function.

(5) Aggregation is a platelet-to-platelet 
interaction usually occurring 10–20 
seconds after loss of vascular integrity 
and platelet adhesion.

(6) Secondary hemostasis is accomplished 
by fibrin clot formation. If this pro-
cess is flawed, decreased fibrin pro-
duction and instability of the formed 
clot result.

b) Pathophysiology (Rodriguez, 2018)
(1) Thrombocytopenia after chemother-

apy is evident in approximately 8–14 
days and is directly related to bone 
marrow suppression.

(2) Severity varies with drug, dose, and 
schedule.

(3) For some agents (e.g., carmustine, 
carboplatin, dactinomycin, daunoru-
bicin, lomustine, mitomycin C), it is 
a dose-limiting toxicity (Rodriguez, 
2018).

c) Risk factors (Brace, 2016; Fritsma, 2016b)
(1) Myelosuppressive chemotherapy or 

radiation therapy to marrow-producing 
skeletal sites

(2) Immunotherapy (e.g., interferon)
(3) Comorbidities (e.g., liver disease)
(4) Destruction of platelets in the presence 

of autoimmune disease (e.g., immune 
thrombocytopenic purpura) or dis-
seminated intravascular coagulation

(5) Bone marrow infiltration of primary 
or metastatic malignancies

(6) Drug therapy affecting platelet func-
tion (Brace, 2016; Camp-Sorrell, 2018)
(a) Aspirin
(b) Nonsteroidal anti-inflammatory 

drugs
(c) Quinine and quinidine
(d) Thiazide diuretics (e.g., furose-

mide)
(e) Benzene and benzene derivatives
(f) Tricyclic antidepressants
(g) Antimicrobials (e.g., chloram-

phenicol, zidovudine)
(h) Heparin

(7) Herbal agents (e.g., ginkgo, garlic, gin-
ger, turmeric)

d) Clinical manifestations (Brace, 2016; Rodri-
guez, 2018)

(1) Cardiopulmonary
(a) Adverse changes in peripheral 

pulses, tachycardia, hypotension, 
orthopnea

(b) Dyspnea, tachypnea, adventitious 
breath sounds, hemoptysis

(2) Head and neck
(a) Petechiae of oral or nasal mem-

branes
(b) Epistaxis
(c) Periorbital edema, subconjuncti-

val hemorrhage, eye pain, blurred 
or double vision

(3) Integumentary system
(a) Petechiae, bruising, pallor, or 

acrocyanosis anywhere on skin or 
mucous membranes

(b) Bleeding from surgical, device, or 
wound sites

(4) Neurologic
(a) Change in mental status, confu-

sion, restlessness, lethargy
(b) Widening pulse pressure, abnor-

mal change in pupil size, dimin-
ished ref lexes, loss of motor 
strength or coordination
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(c) Headache, seizures
(5) Gastrointestinal

(a) Abdominal pain or distension
(b) Rectal bleeding, tarry stools, 

hematemesis
(c) Enlarged, palpable spleen

(6) Genitourinary
(a) Menorrhagia
(b) Hematuria, dysuria, low urine 

output
e) Management

(1) Monitor laboratory findings and take 
appropriate action.
(a) Obtain platelet count, prothrom-

bin time, partial thromboplastin 
time, Hgb, hematocrit, D-dimer, 
fibrinogen, and fibrin.

(b) Test stool, urine, and emesis for 
occult blood.

(2) Maintain safe environment.
(a) Instruct patients to avoid activities 

that may cause injury.
(b) Assess the home environment 

and promote the use of nonskid 
rugs, night-lights, and ambula-
tory assistive devices to prevent  
falls.

(3) Educate patients and families on ways 
to maintain skin integrity through the 
following (Rodriguez, 2018):
(a) Using a soft toothbrush
(b) Blowing nose gently
(c) Using an electric razor versus a 

straight razor
(d) Using an emery board versus a 

metal nail file
(e) Using water-soluble lubricants for 

sexual intercourse
(f) Avoiding any sexual activity that 

may compromise skin or mucous 
membrane integrity

(g) Avoiding use of tampons
(h) Using laxatives or stool softeners 

to avoid constipation
(i) Refraining from using mechani-

cal, oral irrigation, or aggressive 
dental flossing

(j) Avoiding dental and other inva-
sive procedures

(4) Medications and treatments (Rodri-
guez, 2018)
(a) Administer platelet transfusions.
(b) C o n s i d e r  a d m i n i s t e r i n g 

interleukin-11 (oprelvekin; see 
Table 14-3).

B. Biosimilars: A new product in cancer care
1. Oncology nurses must become familiar with 

biosimilars, as more are being developed and 
released over time. The U.S. Food and Drug 
Administration (U.S. FDA, 2017a) defines bio-
similars as a biologic product that is “highly sim-
ilar to, and has no clinically meaningful differ-
ences in safety, purity, and potency (safety and 
effectiveness) from, an existing FDA-approved 
reference product” (para. 5).
a) FDA approved the first biosimilar drug, 

filgrastim-sndz (Zarxio®), in the United States 
in 2015 (Sandoz Inc., 2017; U.S. FDA, 2017b). 
It can be prescribed for the same indications 
as filgrastim.

b) It is important to note that these are not 
chemically identical to the reference product, 
which would make them a generic version.

c) Biosimilars are produced from living systems 
that may cause minor structural and chemical 
differences, however, none of these changes 
result in any differences in efficacy. Biosim-
ilars are not exact duplicates but must be 
chemically, functionally, and clinically similar 
to the reference product (U.S. FDA, 2017a).

2. Two major factors contribute to the role of bio-
similars in cancer care.
a) Many drugs used for cancer treatment or sup-

portive care are nearing the end of their pat-
ent, meaning the drug company that manu-
factures the agent will no longer have exclu-
sive rights to drug production (Griffith, 
McBride, Stevenson, & Green, 2014).

b) Costs associated with cancer care are higher 
than any other area in medicine today. This 
is greatly due, in part, to the rising age of the 
baby boomers and the high cost of developing 
chemotherapy and other anticancer agents 
(Furlow, 2013).
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CHAPTER 15

Gastrointestinal and Mucosal 
Toxicities

A. Nausea and vomiting
1. Overview: Nausea and vomiting may be experi-

enced by up to 80% of patients with cancer and 
can be the most distressing side effects of can-
cer treatment (J. Lee et al., 2017; National Can-
cer Institute [NCI], 2017e). Adherence to anti-
emetic guidelines has been shown to decrease 
the incidence of chemotherapy-induced nausea 
and vomiting (CINV) in patients receiving highly 
or moderately emetogenic chemotherapy (Abu-
nahlah, Sancar, Dane, & Özyavuz, 2016; Gilm-
ore et al., 2014). Advances in modern antiemet-
ics have led to improvements, and now approxi-
mately 13%–35% of patients receiving highly or 
moderately emetogenic chemotherapy will expe-
rience acute CINV (Grunberg et al., 2004). Oncol-
ogy nurses must be knowledgeable and proactive 
when managing CINV.

2. Definitions
a) Nausea is an unpleasant subjective experi-

ence that is described as a “wavelike” feel-
ing occurring in the stomach or back of the 
throat that may be accompanied by vomiting 
(NCI, 2017b).

b) Retching is a rhythmic contraction involving 
the esophagus, diaphragm, and abdominal 
muscles in an attempt to eject stomach con-
tents (NCI, 2017b).

c) Vomiting is the forceful expulsion of gastric 
contents through the mouth (NCI, 2017b).

3. Pathophysiology
a) Nausea, retching, and vomiting are indepen-

dent phenomena that can occur sequentially 
or as separate entities. The subjective nature 
of nausea prevents a clear understanding of 
it; however, mechanisms of vomiting related 
to chemotherapy administration are becom-
ing better understood.

b) Vomiting results from the stimulation of a 
complex process that involves the activation 

of various pathways and neurotransmitter 
receptors (see Figures 15-1 and 15-2).

c) The vomiting center (VC) is a cluster of 
neurons located in the medulla. Stimula-
tion of the VC results in efferent impulses 
from the central nervous system to the sal-
ivation center, cranial nerves, respiratory 
center, and abdominal muscles. This leads 
to the initiation of emesis (National Com-
prehensive Cancer Network® [NCCN®], 
2018b; Navari & Aapro, 2016). In other 
words, the VC receives input or stimuli from 
a variety of sources and then sends signals 
to different organs and tissues, resulting in  
vomiting.

d) The VC may be stimulated through periph-
eral or central pathways.

(1) Vagal afferents (gastrointestinal [GI] 
and pharyngeal)
(a) The GI vagal afferent is thought 

to be the primary cause of acute 
chemotherapy-induced vomiting 
(Hesketh, 2008).

(b) Chemotherapy stimulates entero-
chromaffin cells in the GI tract, 
causing them to release serotonin 
(5-hydroxytryptamine-3 [5-HT3]) 
(Hesketh, 2008).

(c) Serotonin release causes the acti-
vation of the vagus nerve, which 
stimulates vomiting through the 
VC (Hesketh, 2008; Navari & 
Aapro, 2016).

(d) 5-HT3 receptors along the vagus 
nerve may also be involved in 
acute nausea and vomit ing 
related to abdominal disten-
sion, radiation to the abdomen 
or chest, and pharyngeal irrita-
tion (Tipton, 2014).
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(e) Additional receptors involved in this 
process may include neurokinin-1 
(NK1) and cholecystokinin-1 (Hes-
keth, 2008).

(2) Chemoreceptor trigger zone (CTZ)
(a) The CTZ is found in the area pos-

trema in the fourth ventricle of 
the brain (Hesketh, 2008; Navari 
& Aapro, 2016).

(b) The CTZ is an area of the brain 
where the blood–brain barrier is 
less restrictive. As a result, the CTZ 
may be stimulated by emetogens 
in the blood or cerebrospinal fluid 
(Hesketh, 2008).

(c) Opioids, dopaminergic agonists, 
chemotherapy, and toxins may all 
stimulate the CTZ and result in 
vomiting (Hesketh, 2008).

(3) Higher cortical centers: Nausea and 
vomiting may be a result of anxiety, 
memory, fear, pain, or a conditioned 
response to sights or smells.

(4) Vestibular apparatus

(a) Labyrinthitis and motion sickness 
may result in nausea and vomiting 
(Tipton, 2014).

(b) Surgery can also induce vomiting 
through stimulation of the vestib-
ular system.

(5) Other potential causes of nausea and 
vomiting (NCCN, 2018b)
(a) Brain metastases
(b) Side effect of other medications
(c) Excessive secretions
(d) Gastroparesis
(e) Electrolyte imbalance
(f) Uremia
(g) Anxiety
(h) Vestibular dysfunction
(i) Malignant ascites

4. Types of CINV
a) Anticipatory CINV: Occurs before chemo-

therapy administration; is likely a conditioned 
response and therefore occurs after a previ-
ous experience with CINV (NCCN, 2018b)

(1) It may be triggered by a particular smell, 
taste, or sight.

Figure 15-1. Mechanisms of Emesis
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(2) Incidence: Anticipatory CINV occurs 
in 18%–57% of patients, with nausea 
being more common than vomiting 
(NCCN, 2018b).

(3) Risk factors (Molassiotis et al., 2016; 
NCI, 2017e)
(a) Anxiety prior to chemotherapy 

cycle
(b) History of poorly controlled CINV 

with previous encounters
(c) Young or middle-aged (e.g., 

patients younger than age 50)
(d) Female gender
(e) Feeling warm, hot, dizzy, or sweaty 

after chemotherapy
(f) Susceptibility to motion sickness
(g) History of pregnancy-induced 

nausea and vomiting
(4) To minimize the risk of anticipatory 

CINV, adequate antiemetic control 
and prevention of acute and delayed 
CINV is essential.

b) Acute-onset CINV: May occur within a few 
minutes of chemotherapy administration and 
normally peaks after 5–6 hours and resolves 
within 24 hours (NCCN, 2018b)

(1) Incidence: The incidence of acute 
CINV is related to the emetogenic 
potential of the antineoplastic med-
ication.

(a) Grunberg et al. (2005) devel-
oped categories for the emeto-
genic potential of IV chemother-
apy. These categories are based on 
the number of people who experi-
ence acute emesis without the use 
of antiemetic prophylaxis. Current 
treatment guidelines published by 
NCCN, the American Society of 
Clinical Oncology (ASCO), and 
the Multinational Association of 
Supportive Care in Cancer/Euro-
pean Society for Medical Oncol-
ogy are based on these catego-
ries (Hesketh et al., 2017; NCCN, 
2018b; Roila et al., 2016).

i. High: Emesis occurs in 
greater than 90% of patients.

ii. Moderate: Emesis occurs in 
30%–90% of patients.

iii. Low: Emesis occurs in 10%–
30% of patients.

iv. Minimal: Emesis occurs in 
fewer than 10% of patients.

(b) The use of antiemetic prophylaxis 
also affects the incidence of acute 
CINV (Gilmore et al., 2014).

(2) Risk factors (NCI, 2017e; NCCN, 2018b; 
Warr, Street, & Carides, 2011)
(a) Female gender
(b) Young or middle-aged (e.g., 

patients younger than age 50)
(c) Alcohol use: Patients who have 

a history of low or no alcohol 
consumption have more nausea 
and vomiting than patients with 
a history of high alcohol con-
sumption.

(d) History of motion sickness
(e) History of pregnancy-induced 

nausea and vomiting
(3) Prevention of acute CINV (NCCN, 

2018b)
(a) Prophylactic medications should 

be administered before chemo-
therapy.

(b) If the patient is receiving che-
motherapy from multiple emeto-
genic risk categories, antiemetic 
prophylactic therapy should be 
based on the highest emetogenic 
risk medication (Hesketh et al., 
2017; NCCN, 2018b).

c) Delayed-onset CINV: Occurs more than 24 
hours after chemotherapy administration 

Figure 15-2. Neuroreceptors
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and may last for several days (NCI, 2017b; 
NCCN, 2018b)

(1) Occurs commonly with carboplatin, cis-
platin, cyclophosphamide, and doxo-
rubicin

(2) More common in patients who have 
experienced acute emesis

(3) Risk factors for delayed CINV are simi-
lar to risk factors for acute CINV.

(4) The time frame of delayed emesis may 
depend on the regimen and the emeto-
genic potential of the chemotherapy 
medication(s) administered on the 
last day of treatment.

d) Breakthrough CINV: Occurs despite prophy-
lactic treatment and may require rescue anti-
emetics (Navari, 2015)

e) Refractory CINV: Occurs when antiemetic 
prophylaxis has not been effective in previous 
cycles, and antiemetic prophylaxis is not effec-
tive in the subsequent cycle (Navari, 2015)

5. Assessment: Determine the potential causes of 
nausea and vomiting, the specific type or types 
of nausea and vomiting, and the level of emeto-
genicity (see Tables 15-1 and 15-2). See Table 
15-3 for NCI’s nausea and vomiting grading scale.
a) Chemotherapy (NCCN, 2018b)

(1) Evaluate the emetogenic potential of all 
chemotherapy agents the patient will 
be taking, and ensure that the patient 
has prescriptions for antiemetics.

(2) Also consider the emetogenic poten-
tial of oral antineoplastic therapies.

b) Immunotherapy
(1) Patients receiving immunotherapy 

agents may experience nausea and 
vomiting as part of a flu-like syndrome.

(2) Monoclonal antibodies may be associ-
ated with nausea and vomiting during 
the infusion.

(3) Cytokine release syndrome, a possible 
toxicity related to chimeric antigen 
receptor T cells, monoclonal antibod-
ies, and other immunotherapies, may 
result in nausea and vomiting (Bon-
ifant, Jackson, Brentjens, & Curran, 
2016; Kroschinsky et al., 2017)

c) Targeted therapy (Navari & Aapro, 2016; 
Roila et al., 2016)

(1) New targeted therapies have varying 
schedules and combinations, as well 
as different doses.

(2) Because of the lack of prospective trials 
regarding nausea and vomiting related 
to targeted therapies, evidence regard-

ing antiemetic therapy for these medi-
cations is lacking.

(3) The incidence and severity of nausea 
and vomiting with targeted therapies 
are not well studied.

(4) Some newer targeted therapies have 
low or minimal emetogenic potential 
(see Table 15-2).

d) Physical causes
(1) Tumor obstruction
(2) Gastroparesis
(3) Constipation
(4) Increased intracranial pressure
(5) Brain metastasis
(6) Vestibular dysfunction
(7) Uncontrolled pain
(8) Fluid volume status

e) Metabolic causes
(1) Hypercalcemia
(2) Hyponatremia
(3) Hyperglycemia
(4) Uremia
(5) Increased creatinine

f) Other medications (e.g., opioids, antibiotics)
g) Psychological causes

(1) Anxiety
(2) Fear
(3) Emotional distress

6. Potential complications of nausea and vomiting 
(NCI, 2017e; Tipton, 2014)
a) Discomfort
b) Treatment delay or withdrawal from treatment
c) Interference with quality of life (e.g., impaired 

mobility, fatigue)
d) Dehydration
e) Metabolic disturbances
f) Anorexia, weight loss, and nutritional deple-

tion
g) Physical and mental deterioration
h) Increased intracranial pressure
i) Aspiration
j) Decreased ability to perform self-care
k) Costs associated with treatment
l) Family/caregiver strain

m) Lost productivity and missed work
7. Collaborative management: Pharmacologic 

interventions (see Table 15-4)
a) The goal of antiemetic therapy is preven-

tion of nausea and vomiting (NCCN, 2018b).
(1) Consider the level of emetogenicity 

based on the medication, route of 
administration, and dose adminis-
tered. Choose the prophylactic anti-
emetic regimen based on the drug 
with the highest emetogenicity. Also 
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Table 15-1. Emetogenic Potential of Intravenous Antineoplastic Drugs

Incidence Medication Onset (hours) Duration (hours)

High (90%–100%) AC combination (doxorubicin or epirubicin + cyclophosphamide)a – –
Carboplatin (AUC ≥ 4 mg/ml × min)b – –

Carmustine (> 250 mg/m2) – –

Cisplatin 1–6 24–48

Cyclophosphamide (≥ 1,500 mg/m2) – –

Dacarbazine 1–3 1–12

Doxorubicin (≥ 60 mg/m2)b – –

Epirubicin (> 90 mg/m2)b – –

Ifosfamide (≥ 2 g/m2 per dose)b – –

Mechlorethamine 0.5–2 8–24

Streptozocin 1–6 12–24

Moderate (30%–90%) Aldesleukin (> 12–15 MIU/m2) – –

Amifostine (> 300 mg/m2) – –

Arsenic trioxide – –

Azacitidine – –

Bendamustine – –

Busulfanb – –

Carboplatin (AUC < 4 mg/ml × min) – –

Carmustine (≤ 250 mg/m2)b – –

Clofarabine – –

Cyclophosphamide (< 1,500 mg/m2) – –

Cytarabine (> 200 mg/m2) – –

Dactinomycin 2–5 24

Daunorubicin 2–6 24

Dinutuximab – –

Doxorubicin (< 60 mg/m2) – –

Epirubicin (≤ 90 mg/m2) – –

Idarubicin 6–12 24+

Ifosfamide (< 2 g/m2 per dose)b 3–6 24+

Interferon alfa (≥ 10 MIU/m2) – –

Irinotecan – –

Irinotecan liposomal injection – –

Melphalanb – –

Methotrexate (≥ 250 mg/m2)b 1–12 12–72

Oxaliplatin 1–6 24

Temozolomideb – –

Trabectedin – –

Low (10%–30%) Aldesleukin (≤ 12 MIU/m2) – –
Amifostine (≤ 300 mg/m2) – –

(Continued on next page)
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Table 15-1. Emetogenic Potential of Intravenous Antineoplastic Drugs (Continued)

Incidence Medication Onset (hours) Duration (hours)

Low (10%–30%) (cont.) Atezolizumab – –

Belinostat – –

Blinatumomab – –

Brentuximab – –

Cabazitaxel – –

Carfilzomib – –

Cytarabine (100–200 mg/m2)b – –

Docetaxelb – –

Doxorubicin (liposomal) – –

Eribulin – –

Etoposide 3–8 –

5-Fluorouracilb 3–6 24+

Floxuridine – –

Gemcitabine – –

Interferon alfa (> 5–10 MIU/m2) – –

Ixabepilone – –

Methotrexate (> 50 mg/m2 but < 250 mg/m2)b – –

Mitomycinb 1–4 48–72

Mitoxantrone 4–6 6+

Necitumumab – –

Olaratumab – –

Omacetaxine – –

Paclitaxelb 4–8 –

Paclitaxel, albumin bound – –

Pemetrexed – –

Pentostatin – –

Pralatrexateb – –

Romidepsin – –

Talimogene laherparepvec – –

Thiotepab – –

Topotecan 6–12 24–72

Ziv-aflibercept – –

Minimal (< 10%) Alemtuzumabb – –

Asparaginase – –

Avelumab – –

Bevacizumab – –

Bleomycinb 3–6 –

Bortezomibb – –

Cetuximabb – –

(Continued on next page)
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consider patient-specific risk fac-
tors (Hesketh et al., 2017; Roila et 
al., 2016).

(2) Patient response to pharmacologic 
interventions for nausea and vomit-
ing requires frequent assessment, with 

treatment modification as appropriate 
(NCCN, 2018b).

(3) Steroids are not recommended to be 
used as antiemetic prophylaxis for 
immunotherapies and cellular thera-
pies (NCCN, 2018b).

Table 15-1. Emetogenic Potential of Intravenous Antineoplastic Drugs (Continued)

Incidence Medication Onset (hours) Duration (hours)

Minimal (< 10%) (cont.) Cladribine (2-chlorodeoxyadenosine) – –
Cytarabine (< 100 mg/m2)b 6–12 3–12

Daratumumab – –

Decitabine – –

Denileukin diftitox – –

Dexrazoxane – –

Elotuzumabb – –

Fludarabineb – –

Interferon alfa (≤ 5 MIU/m2) – –

Ipilimumabb – –

Methotrexate (< 50 mg/m2)b 4–12 3–12

Nelarabine – –

Nivolumab – –

Obinutuzumab – –

Ofatumumab – –

Panitumumabb – –

Pegaspargase – –

Peginterferon – –

Pembrolizumab – –

Pertuzumabb – –

Ramucirumab – –

Rituximab – –

Siltuximab – –

Temsirolimusb – –

Trastuzumabb – –

Valrubicin – –

Vinblastineb 4–8 –

Vincristine 4–8 –

Vincristine (liposomal) – –

Vinorelbineb – –

a Any regimen that includes an anthracycline and cyclophosphamide (e.g., regimen consisting of cyclophosphamide, doxorubicin, vincristine, and prednisone)
b Discrepancies noted in the references
AC—anthracycline plus cyclophosphamide; AUC—area under the plasma concentration versus time curve; MIU—million international units
Note. Based on information from Grunberg et al., 2011; National Comprehensive Cancer Network, 2018b; Roila et al., 2016.
From “Chemotherapy Toxicities and Management” (pp. 518–519), by D. Camp-Sorrell in C.H. Yarbro, D. Wujcik, and B.H. Gobel (Eds.), Cancer Nursing: 
Principles and Practice (8th ed.), 2018, Burlington, MA: Jones & Bartlett Learning. Copyright 2018 by Jones & Bartlett Learning. Adapted with permission. 
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b) Prevention and management of anticipa-
tory CINV: Benzodiazepines may reduce the 
occurrence of anticipatory CINV. They should 
be administered beginning the night before 
treatment and may be repeated one to two 
hours before chemotherapy administration 
(NCCN, 2018b; Roila et al., 2016).

c) Prevention and management of acute and 
delayed CINV related to IV antineoplastic 
administration

(1) ASCO and NCCN have published anti-
emetic guidelines (Hesketh et al., 2017; 
NCCN, 2018b). Although the guidelines 
are similar, there are some differences.

(2) For patients receiving IV agents cate-
gorized as high emetogenic risk
(a) NCCN recommends use of a 

three-drug combination of a 
5-HT3 receptor antagonist, a NK1 
receptor antagonist, and dexa-
methasone prior to chemotherapy 
administration (NCCN, 2018b).

i. Olanzapine may be added to 
the three-drug combination 
(NCCN, 2018b).

ii. Alternatively, an olanzapine- 
containing regimen consist-
ing of olanzapine, palono-
setron, and dexamethasone 
may be used (NCCN, 2018b).

Table 15-2. Emetogenic Potential of Oral 
Antineoplastic Drugs

Incidence Medication

Moderate to high  
(≥ 30%)

Altretamine
Busulfan (≥ 4 mg/dl)
Ceritinib
Crizotinib
Cyclophosphamide (≥ 100 mg/m2/day)
Enasidenib
Estramustine
Etoposidea

Hexamethylmelamine
Lenatinib
Lomustine (single day)
Midostaurin
Mitotane
Niraparib
Olapariba

Panobinostat
Procarbazine
Rucaparib
Temozolomide (> 75 mg/m2/day)a

Trifluiridine/tipiracil
Vinorelbine

Minimal to low  
(< 30%)

Abemaciclib
Afatinib
Alectinib
Axitinib
Bexarotene
Bosutiniba

Brigatinib
Busulfan (< 4 mg/day)a

Cabozantiniba

Capecitbine
Chlorambucil
Cobimetinib
Cyclophosphamide (< 100 mg/m2/day)a

Dabrafenib 
Dasatinib
Erlotinib
Everolimus
Fludarabine
Gefitinib
Hydroxyurea
Ibrutinib
Idelalisib
Imatiniba

Ixazomib
Lapatinib
Lenalidomide
L-Phenylalanine mustard
Melphalan
Mercaptopurine
Methotrexate
Neratinib
Nilotinib
Osimertinib
Palbociclib
Pazopanib
Pomalidomide

(Continued in next column)

Table 15-2. Emetogenic Potential of Oral 
Antineoplastic Drugs (Continued)

Incidence Medication

Minimal to low  
(< 30%) (cont.)

Ponatinib
Regorafenib
Ribociclib
Ruxolitinib
Sonidegib
Sorafenib
Sunitinib
Tegafur-uracil
Temozolomide (≤ 75 mg/m2/day)a

Thalidomide
Thioguanine
Topotecan
Trametinib
Tretinoin
Vandetanib
Vemurafenib
Venetoclax
Vismodegib
Vorinostat

a Discrepancies noted in the references
Note. Based on information from Grunberg et al., 2011; National Com-
prehensive Cancer Network, 2018b; Roila et al., 2016.
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iii. Lorazepam may be used in 
combination with the afore-
mentioned antiemetics to 
improve control in high-risk 
regimens (NCCN, 2018b).

iv. Consider adding an H2 antag-
onist or proton pump inhib-
itor (NCCN, 2018b).

v. Antiemesis prophylaxis con-
sisting of dexamethasone; 
olanzapine; aprepitant and 
dexamethasone; or a com-
bination of aprepitant, dexa-
methasone, and olanzapine 
should be given on days 2–4. 
This varies depending on 
what prophylaxis was given 
day 1 (NCCN, 2018b).

(b) ASCO recommends use of a 
four-drug combination consist-
ing of a 5-HT3 receptor antago-
nist, an NK1 receptor antagonist, 
dexamethasone, and olanzapine 
prior to chemotherapy administra-
tion (Hesketh et al., 2017).

i. Dexamethasone and olan-
zapine should be adminis-
tered on days 2–4. Excep-
tion: Patients receiving an 
anthracycline and cyclophos-
phamide should only receive 
olanzapine on days 2–4.

ii. If aprepitant was admin-
istered on day 1, it will be 
administered on day 2–3 also 
(Hesketh et al., 2017).

(c) Anthracycline plus cyclophos-
phamide regimens are classified 
as highly emetogenic and should 

be treated as such (Hesketh et al., 
2017; Roila et al., 2016).

(d) Pediatric patients should receive 
a three-drug combination con-
sisting of a 5-HT3 receptor antag-
onist, aprepitant, and dexametha-
sone (Hesketh et al., 2017).

i. If the patient cannot receive 
aprepitant, a 5-HT3 receptor 
antagonist and dexametha-
sone should be administered 
(Hesketh et al., 2017).

ii. If the patient cannot receive 
dexamethasone, palonose-
tron and aprepitant should 
be administered (Hesketh 
et al., 2017).

(3) For patients receiving IV agents cate-
gorized as moderate emetogenic risk
(a) NCCN recommends use of a 

two-drug combination of a 5-HT3 
receptor antagonist and dexa-
methasone prior to chemotherapy 
administration (NCCN, 2018b).

i. An NK1 receptor antagonist or 
olanzapine may be added to 
the regimen (NCCN, 2018b).

ii. Alternatively, an olanzapine- 
containing regimen consist-
ing of olanzapine, palono-
setron, and dexamethasone 
may be used (NCCN, 2018b).

iii. Lorazepam may be used in 
combination with the afore-
mentioned antiemetics to 
improve control (NCCN, 
2018b).

iv. Addition of an H2 antagonist 
or proton pump inhibitor 

Table 15-3. Common Terminology Criteria for Adverse Events Grading for Nausea and Vomiting

Grade

Adverse Event 1 2 3 4 5

Nausea Loss of appetite with-
out alteration in eating 
habits

Oral intake decreased 
without significant weight 
loss, dehydration, or mal-
nutrition

Inadequate oral caloric or 
fluid intake; tube feeding, 
total parenteral nutrition, or 
hospitalization indicated

– –

Vomiting Intervention not indi-
cated

Outpatient IV hydration; 
medical intervention indi-
cated

Tube feeding, total paren-
teral nutrition, or hospital-
ization indicated

Life-threatening 
consequences

Death

Note. From Common Terminology Criteria for Adverse Events [v.5.0], by National Cancer Institute Cancer Therapy Evaluation Program, 2017. Retrieved 
from https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf.

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
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Classification
Mechanism of 

Action Drug
Route, Dose, and Schedule 

for Adult Patients Indications Side Effects Nursing Considerations

Atypical antipsy-
chotic

Acts on multi-
ple receptor sites, 
including dopa-
mine, histamine, 
serotonin, and ace-
tylcholine-mus-
carine

Olanzapine 2.5–10 mg PO daily Prevention of acute and 
delayed n/v

Dizziness, seda-
tion, weight gain, 
altered cardiac con-
duction (prolonged 
QTc), anticholiner-
gic effects (e.g., con-
stipation, dry mouth, 
blurry vision, urinary 
retention)

Drug is contraindicated in patients 
with dementia.

Risk of extrapyramidal symptoms 
is increased in patients receiving 
metoclopramide or haloperidol.

Benzodiazepine Acts as CNS 
depressant; inter-
feres with affer-
ent nerves from 
cerebral cortex by 
gamma-aminobu-
tyric acid inhibition, 
causing sedation

Alprazolam 0.5–1 mg PO given the 
night before treatment and 
repeated 1–2 hours before 
chemotherapy administra-
tion

Prevention of anticipa-
tory n/v

Sedation, confusion, 
hyperactivity, agita-
tion, dizziness, light-
headedness, halluci-
nations

Use starting dose of 0.5 mg PO in 
older adult patients, patients with 
advanced liver disease, or patients 
with other pertinent comorbidities.

Lorazepam 0.5–2 mg PO, sublingual, or 
IV every 6 hours

For anticipatory n/v: 0.5–2 
mg PO beginning the 
night before treatment and 
repeated 1–2 hours before 
chemotherapy administra-
tion

In combination with 
other antiemetics as 
needed for acute or 
delayed n/v

Prevention of anticipa-
tory n/v

Sedation, confusion, 
hyperactivity, agita-
tion, dizziness, light-
headedness, halluci-
nations

Use with caution in older adult 
patients and those with hepatic or 
renal dysfunction.

Cannabinoid Activates cannabi-
noid receptors

Dronabinol 5–10 mg PO every 4–6 hours Treatment of break-
through or refrac-
tory n/v

Sedation, vertigo, 
euphoria, dysphoria, 
dry mouth, tachycar-
dia, orthostasis

Incidence of paranoid reactions or 
abnormal thinking increases with 
maximum doses.

Nabilone 1–2 mg PO BID
Maximum recommended dose 

is 6 mg given in divided 
doses TID.

Treatment of break-
through or refrac-
tory n/v

Sedation, vertigo, 
euphoria, dysphoria, 
dry mouth, tachycar-
dia, orthostasis

Incidence of paranoid reactions or 
abnormal thinking increases with 
maximum doses.

(Continued on next page)
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Table 15-4. Commonly Used Agents for Prevention and Treatment of Chemotherapy-Induced Nausea and Vomiting (Continued)

Classification
Mechanism of 

Action Drug
Route, Dose, and Schedule 

for Adult Patients Indications Side Effects Nursing Considerations

Corticosteroid Antiprostaglan-
din synthesis activ-
ity; mechanism of 
antiemetic activity 
unknown

Dexametha-
sone

12 mg IV or PO day 1 of che-
motherapy, then 8 mg IV 
or PO days 2–4 of chemo-
therapy

Prevention of acute and 
delayed n/v

Insomnia, anxiety, 
acne, hyperglycemia, 
dyspepsia

Dexamethasone metabolism may be 
affected by administration of fosa-
prepitant, aprepitant, and netupi-
tant, and the dosage of dexameth-
asone may require adjustment.

Administer slowly over at least 10 
minutes to prevent perianal or vag-
inal burning or itching.

Dopamine 
antagonist

Blocks dopamine 
receptors

Haloperidol 0.5–2 mg PO or IV every 4–6 
hours 

Treatment of break-
through n/v

Sedation, extrapy-
ramidal symptoms, 
dystonia, dizziness, 
orthostasis, pro-
longed QT interval

Extrapyramidal symptoms are more 
common in younger patients.

Drug is highly sedating.

Metoclo-
pramide

10–40 mg PO or IV every 4–6 
hours 

Prevention of acute or 
delayed n/v

Treatment of break-
through n/v

Sedation, extrapy-
ramidal symptoms, 
dystonia, dizziness, 
orthostasis, diarrhea

Drug increases gut motility and may 
be given to manage gastroparesis.

Risk of tardive dyskinesia increases 
with duration of treatment and 
increasing cumulative dose.

Prochlorper-
azine

Doses vary; 10 mg PO or IV 
every 6 hours.

Also available as 25 mg sup-
positories every 12 hours

Prevention of acute and 
delayed n/v

Treatment of break-
through n/v

Sedation, extrapy-
ramidal symptoms, 
dystonia, dizziness, 
orthostasis

Drug is highly sedating.

5-HT3 antag-
onist

5-HT3 receptor 
antagonist

Dolasetron 100 mg PO on day 1; may 
also be given on days 2 and 
3 or daily

Prevention of acute and 
delayed n/v

Headache, diarrhea, 
dizziness, fatigue, 
prolonged QT interval, 
cardiac arrhythmia

IV dolasetron is not recommended 
because it is associated with 
increased risk of cardiac arrhyth-
mias.

Granisetron 10 mg SC, 2 mg PO, or 0.01 
mg/kg (max 1 mg) IV once 
prior to chemotherapy

IV or PO dose may be 
repeated on days 2 and 3.

Prevention of acute and 
delayed n/v 

Headache, nausea, 
constipation, vomit-
ing, weakness, pro-
longed QT interval

The SC formulation should not be 
given more frequently than 1-week 
intervals.

Granisetron 
transdermal

Transdermal patch containing 
34.3 mg of granisetron

One patch delivers 3.1 mg 
per 24 hours. Apply a single 
patch to the upper outer arm 
a minimum of 24–48 hours 
before chemotherapy.

Prevention of acute and 
delayed n/v

Headache, nausea, 
constipation, vomit-
ing, weakness

Remove patch if severe skin reac-
tions occur (allergic, erythema-
tous, macular, or papular rash or 
pruritus).

(Continued on next page)
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Classification
Mechanism of 

Action Drug
Route, Dose, and Schedule 

for Adult Patients Indications Side Effects Nursing Considerations

5-HT3 antago-
nist (cont.)

Granisetron 
transdermal 
(cont.)

Patch can be worn for up to 7 
days (depending upon the 
duration of the regimen).

Remove patch a minimum of 
24 hours after completion of 
chemotherapy.

Instruct patients to avoid direct 
exposure of application site to nat-
ural and artificial light while wear-
ing the patch and for 10 days after 
removal.

Ondansetron 16–24 mg PO or 8–16 mg IV 
(maximum 32 mg/day)

Orally disintegrating tablet for-
mulation: 8 mg

Prevention of acute and 
delayed n/v

Headache, fatigue, 
malaise, constipa-
tion, drowsiness, 
sedation, QT prolon-
gation

PO ondansetron has a lower risk of 
cardiac arrhythmia than IV ondan-
setron. A single dose larger than 
16 mg of ondansetron is not rec-
ommended because of increased 
risk of prolonged QT interval.

Palonosetron 0.25 mg IV on day 1 or 0.5 
mg PO given once, 30 min-
utes prior to chemotherapy 
on day 1

Prevention of acute and 
delayed n/v 

Headache, consti-
pation

Mean terminal elimination half-life is 
approximately 40 hours.

IV palonosetron is more effective for 
the prevention of delayed nausea 
than other 5-HT3 receptor antag-
onists.

Neurokinin-1 
antagonist

Neurokinin-1 
receptor antagonist

Aprepitant 125 mg PO day 1 of chemo-
therapy, then 80 mg PO 
days 2 and 3

Prevention of acute and 
delayed n/v

Fatigue, head-
ache, dyspepsia, 
decreased appetite, 
hiccups

When administered with dexa-
methasone, aprepitant causes an 
increase in dexamethasone serum 
levels. Consider decreasing dose 
of dexamethasone by 50%.

Fosaprepitant 150 mg IV once on day 1 Prevention of acute and 
delayed n/v

Fatigue, infusion site 
reactions, infusion-
related hypersensi-
tivity reactions, diar-
rhea, hiccups, lack of 
appetite, headache

When administered with dexameth-
asone, fosaprepitant causes an 
increase in dexamethasone serum 
levels. Consider decreasing dose 
of dexamethasone by 50%.

Combination Neurokinin-1  
receptor antago-
nist/5-HT3 receptor 
antagonist

Netupitant/
palonosetron

Netupitant 300 mg plus palo-
nosetron 0.5 mg PO given 
once on day 1

Prevention of acute and 
delayed n/v

Headache, fatigue, 
weakness

Monitor patients for hypersensitiv-
ity reaction.

Avoid use in patients with severe 
hepatic impairment or end-stage 
renal disease.

BID—twice daily; CNS—central nervous system; 5-HT3—5-hydroxytryptamine-3; IV—intravenous; n/v—nausea and vomiting; PO—by mouth; QTc—QT interval corrected; SC—subcutaneous; TID—three times 
daily
Note. Based on information from Camp-Sorrell, 2018; National Comprehensive Cancer Network, 2018b; Wolters Kluwer Health, 2017.
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may be considered (NCCN, 
2018b).

v. Ant iemesis prophylaxis 
consisting of dexametha-
sone; olanzapine; aprepi-
tant with or without dexa-
methasone; or a 5 -HT3 
receptor antagonist may 
be given on days 2 and 3. 
This will depend on what 
prophylaxis was given day 
1 (NCCN, 2018b).

(b) ASCO recommends use of a two- 
drug combination of a 5-HT3 recep-
tor antagonist and dexamethasone 
prior to chemotherapy administra-
tion (Hesketh et al., 2017).

i. For patients receiving carbo-
platin area under the plasma 
concentration versus time 
curve greater than or equal 
to 4 mg/ml × min, an NK1 
receptor antagonist should be 
added (Hesketh et al., 2017).

ii. Dexamethasone should be 
administered on days 2 and 3 
if the patient is receiving che-
motherapy associated with 
delayed nausea and vomiting 
(Hesketh et al., 2017).

iii. Pediatric patients should 
receive a 5-HT3 receptor 
antagonist and dexametha-
sone (Hesketh et al., 2017). 
If dexamethasone cannot 
be administered, the patient 
should receive a 5-HT3 recep-
tor antagonist and aprepitant 
(Hesketh et al., 2017).

(4) For patients receiving IV agents cate-
gorized as low emetogenic risk
(a) NCCN recommends a single 

dose of dexamethasone, meto-
clopramide, prochlorperazine, 
or a 5-HT3 receptor antagonist 
(NCCN, 2018b).

i. Lorazepam may be used in 
combination with the afore-
mentioned antiemetics to 
improve control (NCCN, 
2018b).

ii. Addition of an H2 antagonist 
or proton pump inhibitor 
may be considered (NCCN, 
2018b).

(b) ASCO recommends a single dose of 
dexamethasone or a 5-HT3 receptor 
antagonist (Hesketh et al., 2017).

(c) Pediatric patients should receive 
ondansetron or granisetron (Hes-
keth et al., 2017).

(5) For patients receiving IV agents catego-
rized as minimal emetogenic risk: No 
routine prophylaxis is recommended 
for adults or pediatric patients (Hes-
keth et al., 2017; NCCN, 2018b).

d) Prevention and management of acute and 
delayed CINV related to oral antineoplastic 
administration (NCCN, 2018b)

(1) For patients receiving oral agents cat-
egorized as high to moderate emeto-
genic risk
(a) Administer a 5-HT3 receptor antag-

onist prior to chemotherapy and 
continue daily (NCCN, 2018b).

(b) Lorazepam may be used in com-
bination with the aforementioned 
antiemetics to improve control 
(NCCN, 2018b).

(c) Consider adding an H2 antagonist 
or proton pump inhibitor (NCCN, 
2018b).

(2) For patients receiving oral agents cat-
egorized as low to minimal emeto-
genic risk
(a) No routine prophylaxis is rec-

ommended, but antiemetics 
may be prescribed as needed. 
If the patient experiences nau-
sea and vomiting, consider meto-
clopramide, prochlorperazine, 
or a 5-HT3 receptor antagonist 
(NCCN, 2018b).

(b) Lorazepam may be used in com-
bination with the aforementioned 
antiemetics to improve control 
(NCCN, 2018b).

(c) Addition of an H2 antagonist or 
proton pump inhibitor may be 
considered (NCCN, 2018b).

e) Treatment of delayed CINV
(1) Delayed nausea is often more common 

and severe than acute nausea and is 
more difficult to treat (NCCN, 2018b).

(2) 5-HT3 receptor antagonists, although 
effective for the prevention of acute 
vomiting, are not as effective for delayed 
vomiting.

(3) For patients receiving moderately or 
highly emetogenic chemotherapy, 
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dexamethasone should be adminis-
tered daily during chemotherapy and 
for two to three days after chemother-
apy administration to help prevent 
delayed CINV (NCCN, 2018b). ASCO 
recommends dexamethasone and olan-
zapine on days 2–4 for patients receiv-
ing highly emetogenic chemotherapy, 
unless the patient receives an anthra-
cycline and cyclophosphamide. In this 
case, ASCO recommends olanzapine 
only for days 2–4 (Hesketh et al., 2017).

(4) To prevent delayed CINV in patients 
receiving carboplatin, an NK1 receptor 
antagonist should be given in combina-
tion with a 5-HT3 receptor antagonist 
and dexamethasone (Roila et al., 2016).

f) Management of breakthrough CINV
(1) Consider adding other antiemetic 

agents from different drug classifica-
tions, using caution to avoid overlap-
ping side effects (Hesketh et al., 2017).

(2) Around-the-clock antiemetic dos-
ing should be strongly considered 
for patients with breakthrough CINV 
(NCCN, 2018b).

(3) Consider an H2 antagonist or proton 
pump inhibitor for patients with dys-
pepsia (NCCN, 2018b).

(4) Monitor the patient’s hydration and 
electrolytes, and correct as needed 
(NCCN, 2018b).

(5) Olanzapine may be an effective option 
for breakthrough CINV (Chiu et al., 
2016; Roila et al., 2016) and should be 
included in the prophylactic antieme-
sis regimen for patients with break-
through nausea and vomiting (Hes-
keth et al., 2017).

(6) Consider using nonpharmacologic 
interventions in conjunction with anti-
emetics.

8. Collaborative management: Nonpharmacologic 
interventions
a) Behavioral interventions, including hypno-

sis, progressive muscle relaxation, biofeed-
back, yoga, and systematic desensitization; 
music therapy; and acupuncture or acupres-
sure may be used as adjunct therapies to man-
age anticipatory CINV (NCCN, 2018b; Roila 
et al., 2016).

b) Management of patient expectat ions 
may be one approach to help prevent 
chemotherapy-induced nausea (J. Lee et 
al., 2017).

c) Several nonpharmacologic interventions 
have been studied for the prevention and 
management of CINV; however, their effec-
tiveness is not established. These interven-
tions may be considered for use in conjunc-
tion with antiemetics and include acupunc-
ture, acupressure, aromatherapy, exercise, 
ginger, massage, therapeutic touch, and yoga 
(J. Lee et al., 2017; Marx et al., 2017).

9. Dietary interventions (American Cancer Soci-
ety, 2017; NCCN, 2018b)
a) Encourage patients to eat small, frequent 

meals and food that is cold or room tem-
perature.

b) Encourage patients to eat bland food.
c) Encourage patients to drink clear liquids 

(e.g., fruit juice, broth).
d) Encourage patients to avoid food that is fried, 

spicy, fatty, or very sweet and to avoid food 
with strong odors.

e) Ensure that patients are eating enough pro-
tein and calories. A liquid replacement meal 
(protein shake) may be used.

f) Encourage patients to avoid overeating.
g) Encourage patients to use plastic forks and 

spoons if metal silverware causes a bitter taste.
h) Consider a dietary consult.

10.  Patient and family education
a) Instruct patients to take antiemetics as pre-

scribed and to notify the provider if they are 
unable to take medications as prescribed.

b) Remind patients as necessary to take anti-
emetics before arriving for treatment. Ensure 
that antiemetics have been taken prior to 
administration of chemotherapy.

c) Instruct patients to notify providers if nau-
sea and vomiting persists for longer than 
24 hours or if they are unable to maintain 
fluid intake. Ensure that parents of pediat-
ric patients notify providers if vomiting per-
sists for more than two hours.

d) Refer patients to educational materials such 
as NCI’s Eating Hints: Before, During and After 
Cancer Treatment (NCI, 2018a).

B. Anorexia
1. Definitions

a) Anorexia: Loss of a desire to eat (NCI, 2017c).
b) Cachexia: Cancer cachexia is “a multifactorial 

syndrome characterised by an ongoing loss 
of skeletal muscle mass (with or without loss 
of fat mass) that cannot be fully reversed by 
conventional nutritional support and leads to 
progressive functional impairment” (Fearon 
et al., 2011, p. 490; see Figure 15-3). This is 
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the most complete international definition 
of cancer cachexia at this time (Bruggeman 
et al., 2016).

2. Pathophysiology
a) Anorexia and cachexia result from a com-

plicated process involving numerous physi-
ologic and psychological factors.

(1) Tumor effects (Aapro et al., 2014)
(a) May be present at diagnosis in 

some malignancies (e.g., pancre-
atic, upper GI, lung)

(b) Obstruction of the esophageal or 
GI tract can lead to nutrient mal-
absorption, nausea, vomiting, and 
pain (e.g., tumors causing dyspha-
gia or affecting GI function).

(c) Proinflammatory cytokines such 
as interleukin-1, interleukin-6, 
tumor necrosis factor-alpha, and 
interferon alfa may be released by 
the tumor or malignant inflam-
mation, which can lead to sati-
ety and metabolic abnormalities 
(Aoyagi, Terracina, Raza, Mat-
subara, & Takabe, 2015; Mat-
tox, 2017).

(d) Metabolic abnormalities may lead 
to increased hepatic glucose and 
lipolysis production of glycerol 
and free fatty acids (Mattox, 2017).

(e) Hypercalcemia secondary to bony 
involvement or paraneoplastic syn-
drome may lead to nausea, vomit-
ing, and anorexia.

(f) Decreased hypothalamic response 
signals lead to reduced appetite 
(Mattox, 2017).

(g) Low levels of protein and albumin 
lead to more extracellular water, 
and less intracellular water causes 
low oncotic pressure and increases 
weight loss (Schwarz et al., 2017).

(2) Treatment effects (Suzuki, Asakawa, 
Amitani, Nakamura, & Inui, 2013)
(a) Surgery may result in malabsorp-

tion, obstruction, and fluid and 
electrolyte abnormalities.

(b) Chemotherapy and radiation ther-
apy side effects include nausea, 
vomiting, mucositis, taste changes, 
xerostomia, constipation, and 
diarrhea.

(c) Combination therapy results in a 
greater number of adverse effects.

(d) Body composition can predict tox-
icity, as noted with sarcopenic obe-
sity. Sarcopenia is the degenerative 
loss of skeletal muscle mass. High 
body mass index can mask sarco-
penia (Bruggeman et al., 2016).

(3) Psychosocial effects (Weber & O’Brien, 
2017)
(a) Cancer-related depression often 

coexist s w ith anorexia and 
cachexia, especially in patients 
with late-stage disease or multi-
ple symptoms. The prevalence of 
depression among patients with 
cancer is estimated to be 15%–
25% (Weber & O’Brien, 2017).

(b) Anxiety, fear, grief, fatigue, pain, 
and the patient’s reaction to body 
image changes may contribute to 
anorexia.

(c) Cachexia results in decreased sur-
vival and poor response to treat-
ment (Aoyagi et al., 2015; NCI, 
2017c).

3. Incidence: Historical data have demonstrated a 
50% overall incidence of anorexia and cachexia 
in patients with cancer, increasing to 86% in the 
last week or two before death (Aoyagi et al., 2015).

4. Risk factors (Aapro et al., 2014; Aoyagi et al., 2015)
a) Advanced cancer
b) Solid tumor, with head and neck, GI, and 

lung as most common types
c) Chronic illness such as pulmonary disease 

and congestive heart failure
d) Increased prevalence in the very young and 

older adults
e) Surgery, radiation, chemotherapy, immuno-

therapy, and targeted therapy

Figure 15-3. Cancer Cachexia

Diagnostic Criteria
 • Weight loss > 5% over the past 6 months; or
 • Body mass index < 20 kg/m2 and any degree of weight loss 
> 2%; or

 • Appendicular skeletal muscle index consistent with sarcope-
nia (another wasting syndrome) and weight loss of > 2%

Stages of Cancer Cachexia
 • Precachexia: Weight loss of ≤ 5%, along with other symp-
toms such as impaired glucose tolerance or anorexia

 • Cachexia: Weight loss > 5% or other symptoms and condi-
tions consistent with the diagnostic criteria for cachexia

 • Refractory cachexia: Patients experiencing cachexia who are 
no longer responsive to cancer treatment, have a low perfor-
mance score, and have a life expectancy of < 3 months

Note. Based on information from Fearon et al., 2011.
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f) Data suggest that certain targeted therapy 
agents (e.g., sorafenib) may increase muscle 
wasting (Aapro et al., 2014).

g) Biomarkers: Researchers are in the early 
stages of using genotype to identify pre-
disposition to cachexia (Aapro et al.,  
2014).

5. Clinical manifestations: Patients have reduced 
ability to tolerate treatment based on the follow-
ing, especially if they present with pretreatment 
cachexia (Aapro et al., 2014).
a) Involuntary weight loss of more than 5% of 

usual weight
b) Changes in appetite

(1) Changes in taste and smell
(2) Early satiety

c) Changes in GI tract function
(1) Dysmotility
(2) Inactivation of bile salts or pancreatic 

enzymes
(3) Partial or complete obstruction

d) Loss of muscle mass
e) Loss of adipose tissue
f) Fatigue and weakness
g) Immune system impairment
h) Metabolic dysfunction
i) Hypoalbuminemia

6. Assessment (Dev, Wong, Hui, & Bruera, 2017; 
Schwarz et al., 2017)
a) Perform a nutritional assessment.
b) Grading: See Table 15-5 for NCI’s anorexia 

grading scale.
c) Monitor weight: Compare with pretreat-

ment weight.
d) Obtain a diet history or have the patient com-

plete a food diary for several days.
e) Measure body composition.

(1) Triceps skinfold thickness estimates 
body fat.

(2) Mid-arm muscle circumference esti-
mates muscle mass.

f) Assess laboratory results (Aapro et al., 2014).
(1) Evaluate plasma markers for inflam-

mation.
(2) Assess for endocrine abnormalities 

(e.g., thyroid dysfunction, metabolic 
abnormalities, hypogonadism).

g) Assess functional status (LeBlanc et al., 2015; 
Wheelwright et al., 2013).

(1) The Funct ional A ssessment of 
Anorexia/Cachexia Therapy (FAACT) 
is used to assess patients’ status.

(2) Functional status tools include symp-
tom distress and quality-of-life ques-
tions.

(3) Incorporate early init iat ives for 
high-risk disease processes.

7. Collaborative management and impact on clin-
ical outcomes: The extent of nutritional inter-
vention depends on the cause of weight loss and 
overall goals of the patient, family, and health-
care team. Early consultation of a palliative care 
team has proved to be effective for improving 
outcomes (Aapro et al., 2014; Dev et al., 2017; 
Schwarz et al., 2017).
a) Treatment of the cancer is the primary objec-

tive.
b) Symptom management: Management of 

symptoms such as nausea and vomiting, muco-
sitis, oral candidiasis, diarrhea, constipation, 
taste changes, dysphagia, xerostomia, fatigue, 
pain, and depression may improve anorexia. 
See the discussion of management in the spe-
cific sections of this publication.

c) Pharmacologic intervention: Progestins and 
corticosteroids are the only two classes of 
drugs to have demonstrated effectiveness 
as appetite stimulants (NCCN, 2017a; Zhan, 
Wang, Qian, & Yu, 2013).

(1) Progestins (Zhan et al., 2013)
(a) Megestrol acetate is most com-

monly used.

Table 15-5. Common Terminology Criteria for Adverse Events Grading for Anorexia

Grade

Adverse Event 1 2 3 4 5

Anorexia Loss of appetite 
without alteration in 
eating habits

Oral intake altered with-
out significant weight 
loss or malnutrition; oral 
nutritional supplements 
indicated

Associated with significant 
weight loss or malnutri-
tion (e.g., inadequate oral 
caloric and/or fluid intake); 
tube feeding or total paren-
teral nutrition indicated

Life-threatening con-
sequences; urgent 
intervention indicated

Death

Note. From Common Terminology Criteria for Adverse Events [v.5.0], by National Cancer Institute Cancer Therapy Evaluation Program, 2017. Retrieved 
from https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf.

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
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(b) It improves appetite and weight gain 
in patients with cancer; however, 
it does not improve quality of life.

(c) Mechanism of action is not well 
established.

(d) Optimal dose is not defined but 
ranges from 100–1,600 mg/day.

(e) Side effects include deep vein 
thrombosis, edema, impotence in 
men, and GI disturbances.

(2) Corticosteroids (Matsuo et al., 2017)
(a) Mechanism of action is unknown 

but may be related to euphoric and 
anti-inflammatory effects.

(b) Effects are short lived.
(c) Many side effects, both short and 

long term, can occur, including 
immunosuppression, hyperglyce-
mia, and muscle wasting.

d) Nonpharmacologic interventions (Dev et al., 
2017; NCCN, 2017a)

(1) Interventions may not increase weight 
or length of survival but may improve 
quality of life.

(2) Refer to a dietitian for early nutritional 
counseling. Strong evidence supports 
early nutritional counseling as beneficial 
for prevention and reduction of cachexia 
(J.L.C. Lee, Leong, & Lim, 2016).

(3) Provide high-calorie/high-protein oral 
supplements as needed and tolerated.

(4) Consider enteral or parenteral nutri-
tion if the disease or treatment inter-
feres with the patient’s ability to eat or 
to absorb nutrients (J.L.C. Lee et al., 
2016; NCCN, 2017a).
(a) Enteral: Patients must have a func-

tioning bowel. Complications 
include aspiration pneumonia, 
electrolyte abnormalities, diar-
rhea, and infection.

(b) Parenteral: Types include cen-
tral parenteral nutrition, which 
requires a central venous access 
device, and peripheral parenteral 
nutrition. Complications include 
high infection rate.

(5) Integrative medicine (NCI, 2017d): 
Complementary and alternative med-
icine may be helpful, including Reiki, 
music therapy, prayer, and spiritual 
uplifting.

(6) Improved outcomes result when an inter-
professional team is involved (Scott, Reid, 
Hudson, Martin, & Porter, 2016).

8. Patient and family education
a) Provide written handouts, stressing high- 

calorie/high-protein foods.
b) Monitor and record weight weekly, using the 

same scale at the same time of the day.
c) Encourage patients to eat small, frequent 

meals.
d) Provide an attractive setting for meals.
e) Encourage patients to engage in physical 

activity.
f) Use measures to control nausea and vomit-

ing, mucositis, dry mouth, taste changes, and 
other side effects of treatment.

g) Include patients in family activities to avoid 
isolation, even if patients have no appetite. 
Do not force patients to eat.

h) Remind families that patients’ lack of appe-
tite is caused by the effects of the disease and 
treatment and is not their fault.

i) Refer to community resources as needed, such 
as home care and Meals on Wheels.

j) Loss of muscle and weight is an overt symp-
tom and can cause both patient and family 
distress (Aapro et al., 2014). Refer for psycho-
social and emotional support.

C. Diarrhea
1. Overview

a) Definition: Diarrhea is defined as loose or 
watery stools three or more times daily that 
may be acute, chronic, or persistent in nature 
(National Institute of Diabetes and Digestive 
and Kidney Diseases, 2016). Diagnostic crite-
ria include greater than 75% water content, 
increase in daily stool weight, and frequency 
(Pessi et al., 2014).

(1) Classif ication based on duration 
(National Institute of Diabetes and 
Digestive and Kidney Diseases, 2016)
(a) Acute: Diarrhea lasting one to 

two days that typically resolves 
on its own

(b) Persistent: Diarrhea lasting two to 
four weeks

(c) Chronic: Diarrhea that lasts at least 
four weeks with potentially tran-
sient symptoms

(2) Classification based on intensity (Shaw 
& Taylor, 2012; see Figure 15-4)
(a) Uncomplicated: Grade 1 or 2 tox-

icity without additional signs or 
symptoms

(b) Complicated: Grade 3 or 4 diar-
rhea OR grade 1 or 2 diarrhea 
with one or more of the follow-
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CTCAE GRADING

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Increase of < 4 stools daily from baseline; mild increase in 
ostomy output compared to baseline

Increase of 4–6 stools daily from baseline; moderate 
increase in ostomy output compared to baseline; diarrhea 
interferes with or limits instrumental ADL

Increase of ≥ 7 stools daily from baseline; severe increase in 
ostomy output compared to baseline; limitations in self-care 
ADL; hospitalization indicated for management

Life-threatening consequences with 
urgent intervention indicated

Death

CLASSIFICATION

Uncomplicated
 • Grade 1 or 2 toxicity
 • No additional signs or symptoms
 • May be managed with nonpharmacologic approaches including dietary changes and increased oral hydration to 3–4 L 

of water daily
 • May also introduce pharmacologic measures

Complicated
 • Grade 3 or 4 toxicity
 • Grade 1 or 2 toxicity with ≥ 1 complicating symptoms (e.g., cramping, nausea, vomiting, fever, bleeding, dehydration, 

sepsis, neutropenia, decreased performance status)
 • The patient should be managed in the hospital with IV fluids, electrolyte replacement, and pharmacologic measures.

MANAGEMENT BY TREATMENT TYPE

Chemotherapy

Grade 1 Grade 2 Grades 3–4

 • Decrease or delay chemotherapy; oral hydration and 
electrolyte replacement, if indicated, are recommended.

 • Initiate loperamide.a

 • Consider dietary modifications.b

 • Decrease or delay chemotherapy dosing.
 • Initiate IV fluids if the patient is unable to tolerate oral fluids.
 • Initiate or continue loperamide.a

 • Diphenoxylate/atropine may also be used if the patient 
is not on opioids.

 • For Clostridium difficile–related diarrhea, initiate metro-
nidazole (500 mg PO/IV QID × 10–14 days) or vanco-
mycin 125–500 mg PO QID × 10–14 days; probiotics 
may also be used to stabilize and restore the gut flora.

 • For non-Clostridium difficile infection, treat according to 
culture findings.

 • Discontinuation (temporarily or permanently) of causative agent may be necessary.
 • Provide IV fluids.
 • Manage with antidiarrheal and anticholinergic agents.
 • Transition to or escalate dosing of octreotide.a

 • Continue or initiate antibiotics as outlined for grade 2 management.

Radiation Therapyc

Grade 1 Grade 2 Grades 3–4

 • Initiate loperamide.a

 • Consider dietary modifications;b psyllium fiber may be 
effective.

 • Initiate loperamide.a

 • Progress to octreotidea if diarrhea is unresponsive to 
loperamide.

 • IV fluids are recommended though may not need to be administered in the hospital setting.
 • Octreotide may be indicated with complicating symptoms.a

 • In grade 3–4 diarrhea, octreotide is indicated in the presence of complicating symptoms but may not be required in 
uncomplicated cases. IV antibiotics may worsen symptoms in some cases. Carefully assess workup results to deter-
mine if the indication for IV antibiotics outweighs the risk.

ASSESSMENT AND EVALUATION
History
 • Physiologic history of GI disturbances (baseline, treatment, and disease related)
 • Current treatment type 
 • Duration, volume, consistency, and frequency of diarrhea
 • Presence of nocturnal diarrhea
 • Confounding factors (fever, orthostatic hypotension, abdominal pain or cramping, weakness)
 • Symptom interference with QOL and function

Physical assessment: Abdominal assessment (visual assessment, auscultation for bowel sounds, palpation, percussion as appropriate)
Laboratory assessment: CBC, electrolytes, stool workup (presence of blood, fecal leukocytes, infectious sources), lactoferrin, and fecal calprotectin testing may be indicated at baseline and every 3 weeks during treatment with anti–PD-1 

checkpoint inhibitors.

(Continued on next page)
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Figure 15-4. Evidence-Based Recommendations for the Management of Cancer Treatment–Induced Diarrhea (Continued)

Hormone Therapyd

Grade 1 Grade 2

 • Consider dietary modifications.b

 • Initiate loperamide.a
 • Consider octreotide;a escalate dose if diarrhea persists of worsens.
 • Tincture of opium at 10–15 drops every 3–4 hours has also been recommended.

Targeted Therapy

Grade 1 Grade 2 Grades 3–4

 • Dose reduce or hold targeted therapy.
 • Initiate loperamide; discontinue and progress to octreo-

tide if diarrhea is unresponsive to loperamide.a

 • Oral hydration and electrolyte replacement, if indicated, 
are recommended.

 • Consider dietary modifications.b

 • Decrease or delay targeted therapy.
 • Consider IV fluids if patient is unable to tolerate PO; 

continue antidiarrheal with loperamide; discontinue and 
progress to octreotide if diarrhea is unresponsive to 
loperamide.a

 • Consider anticholinergics, corticosteroids, infliximab, 
and probiotics.

 • Discontinuation (temporarily until symptoms resolve or possibly permanently) of causative targeted agent may be 
necessary.

 • Hospitalization may be required for supportive care.
 • Manage with antidiarrheal and anticholinergic agents.
 • IV fluids may be indicated.

Immunotherapy

Grade 1 Grade 2 Grade 3 Grade 4

 • Consider holding immunotherapy per NCCN guidelines.
 • Initiate loperamide,a oral hydration, and close moni-

toring.

 • Hold immunotherapy.
 • Administer IV methylprednisolone (1 mg/kg/day).
 • If no response in 2–3 days:

 – Increase dose to 2 mg/kg/day.
 – Consider infliximab.
 – If refractory to infliximab, consider vedolizumab.

 • Discontinue anti–CTLA-4 agents.
 • Anti–PD-1/PD-L1 therapy may be reinstated after tox-

icity resolution.
 • Hospitalization may be required for supportive care.
 • Administer IV methylprednisolone (2 mg/kg/day).
 • If no response in 2 days:

 – Consider infliximab (5 mg/kg/day).
 – If refractory to infliximab, consider vedolizumab.

 • Permanently discontinue immunotherapy.
 • Hospitalization may be required for supportive care.
 • Administer IV methylprednisolone (2 mg/kg/day).
 • If no response in 2 days:

 – Consider infliximab (5–10 mg/kg).
 – If refractory to infliximab, consider vedolizumab.

ASSESSMENT FOR SYMPTOM RESOLUTION
 • Chemotherapy, hormone therapy, and targeted therapy: Assess diarrhea every 12–24 hours and escalate care as required in the presence of increased grading or persistent diarrhea; discontinue loperamide after 12 hours without diar-

rhea.
 • Radiation therapy: Assess diarrhea every 12–24 hours and escalate care as required in the presence of increased grading or persistent diarrhea; continue loperamide throughout radiation therapy.
 • Immunotherapy: Assess diarrhea every 12–24 hours; taper corticosteroids over 4–6 weeks before resuming. When symptoms improve to grade 1 or better, may be able to restart treatment in the presence of low-dose steroids after evalua-

tion of risks and benefits.
 • Regardless of treatment, consider use of a patient journal to document stool frequency and characteristics in the ambulatory setting.

a Loperamide dosing is 4 mg starting dose followed by 2 mg every 4 hours or after every unformed stool (maximum daily dose of 16 mg). Octreotide is generally dosed at 100–150 mcg TID up to 500 mcg TID.
b Dietary modifications include eliminating all lactose-containing products, alcohol, caffeine, foods containing sugar alcohols (e.g., sorbitol), foods high in insoluble fiber (e.g., raw fruits and vegetables), and high-
fat foods.
c Many cases can be managed in the outpatient setting; evaluate patients for complicating conditions (e.g., fever, sepsis, neutropenia), which may require hospitalization for management.
d Diarrhea is a less frequent but possible side effect of hormone therapy.
ADL—activities of daily living; CBC—complete blood count; CTCAE—Common Terminology Criteria for Adverse Events; CTLA-4—cytotoxic T-lymphocyte antigen 4; GI—gastrointestinal; IV—intravenous; 
NCCN—National Comprehensive Cancer Network; PD-1—programmed cell death protein 1; PD-L1—programmed cell death-ligand 1; PO—by mouth; QID—four times daily; QOL—quality of life; TID—three 
times daily
Note. Based on information from Benson et al., 2004; Kottschade et al., 2016; Lui et al., 2017; National Cancer Institute Cancer Therapy Evaluation Program, 2017; National Comprehensive Cancer Network, 
2017a, 2018c; Pessi et al., 2014; Shaw & Taylor, 2012; Thorpe, Byar, Conley, Drapek, et al., 2017.
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ing: cramping, nausea, vomiting, 
fever, bleeding, dehydration, sep-
sis, neutropenia, or decreased per-
formance status

b) Antineoplastic treatment–induced diarrhea
(1) Diarrhea in patients with cancer is 

associated with both the disease and 
its treatments, including radiation 
therapy, chemotherapy, targeted ther-
apy, and immunotherapies, as well as 
graft-versus-host disease (Koselke & 
Kraft, 2012).

(2) Chemotherapy-induced diarrhea con-
tributes to treatment alterations (60%), 
interference in daily activities (30%), 
dose delays (28%), treatment discon-
tinuation (15%), and death related 
to dehydration (5%) (McQuade, Sto-
janovska, Abalo, Bornstein, & Nur-
gali, 2016).

2. Pathophysiology: The pathophysiology and eti-
ology of diarrhea in patients with cancer can 
be multifaceted. All possible causes of diar-
rhea need to be considered to treat the patient 
appropriately.
a) Classifications of diarrhea

(1) Osmotic diarrhea: Osmotic diarrhea 
usually is related to injury to the gut, 
dietary factors, or problems with diges-
tion. Water is drawn into the intestinal 
lumen, resulting in increased stool vol-
ume and weight. Lactose intolerance 
is an example of this type of diarrhea. 
New-onset lactose intolerance can occur 
in patients undergoing cancer treatment 
(Andreyev, Davidson, Gillespie, Allum, 
& Swarbrick, 2012). Osmotic diarrhea 
is associated with large stool volumes 
and sometimes is improved with fast-
ing or elimination of the causative fac-
tor (e.g., lactose, sorbitol).

(2) Secretory diarrhea: The small and large 
intestines secrete more fluids and elec-
trolytes than can be absorbed. Infec-
tion and inflammation of the gut; dam-
age to the gut caused by chemotherapy, 
radiation therapy, or graft-versus-host 
disease; and certain endocrine tumors 
can cause secretory diarrhea. The 
imbalance between absorption and 
secretion leads to production of a large 
volume of fluid and electrolytes in the 
small bowel. This type of diarrhea is 
associated with large volumes and may 
require a period of bowel rest with 

parenteral nutrition followed by slow 
diet progression as tolerated (Muehl-
bauer, 2014).

(3) Exudative diarrhea: This type is 
caused by alterations in mucosal integ-
rity, epithelial loss, enzyme destruc-
tion, and defective absorption of the 
colon. Mucosal inflammation and 
ulceration caused by inflammatory 
diseases, cancers, and cancer treat-
ment may result in the outpouring of 
plasma, proteins, mucus, and blood 
into the stool, all of which can result 
in exudative diarrhea (Deshpande, 
Lever, & Soffer, 2013).

(4) Inflammatory diarrhea: Inflamma-
tory diarrhea develops from invasive 
or toxin-producing bacteria caus-
ing impaired mucosal integrity that 
may result in tissue damage (Barr & 
Smith, 2014).

(5) Dysentery: Dysentery is diarrhea 
characterized by blood in the stool 
(Schmidt-Hieber et al., 2017).

b) Pathophysiologic mechanisms by antineo-
plastic agent category

(1) Chemotherapy (Koselke & Kraft, 
2012): Direct mucosal damage and tox-
icity can be caused by the metabolic 
by-products of agents (e.g., SN-38G 
from irinotecan), mitotic arrest of 
cells in the GI tract resulting in alter-
ations to the osmotic gradient (e.g., 
with 5-fluorouracil), or stimulation of 
inflammatory cytokines, tumor necro-
sis factor-alpha, and prostaglandins.

(2) Targeted therapy (Pessi et al., 2014)
(a) Secretive diarrhea is believed to be 

associated with excessive chloride 
secretion associated with many of 
the anti–epidermal growth factor 
receptor agents; this toxicity also 
may be amplified by combination 
with radiation therapy.

(b) I schemic mucosa l  damage 
may result from agents such as 
sorafenib.

(3) Immunotherapy (Spain, Diem, & Lar-
kin, 2016): Immune-mediated colitis, as 
well as resulting diarrhea, is a primary 
immune-related adverse event associ-
ated with immunotherapies, specifi-
cally checkpoint inhibitors, and may 
present as acute or delayed (often five 
to seven weeks after therapy).
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c) Differential diagnosis for diarrhea in patients 
with cancer (Schmidt-Hieber et al., 2017)

(1) Paraneoplastic diarrhea: Rare and trig-
gered by secretion of vasoactive intesti-
nal polypeptide leading to watery diar-
rhea and electrolyte alterations

(2) Infection-related diarrhea (see section 
D on colitis)
(a) N e u t r o p e n i c  e n t e r o c o l i -

tis: Observed in patients with 
chemotherapy-associated neutro-
penia resulting from penetration of 
the bowel wall by various pathogens

(b) Bacterial infections: Nontyphoi-
dal Salmonella, Shigella, Yersinia, 
Clostridium enterocolitis, and Cam-
pylobacter

(c) Viral infections: Norovirus, rotavi-
rus, adenovirus, cytomegalovirus

(d) Parasitic infections: Blastocystis, 
Cryptosporidium, Cyclospora cayeta-
nensis, Entamoeba histolytica, Giar-
dia lamblia, Cystoisospora belli, Sar-
cocystis hominis, Sarcocystis suihomi-
nis, Strongyloides stercoralis

3. Incidence
a) The incidence of diarrhea varies greatly 

depending on the agent(s) used. The spe-
cific agent, dose, schedule, and combina-
tion with other cancer therapies influence 
the severity of chemotherapy-induced diar-
rhea (McQuade et al., 2016).

(1) Chemotherapy: Overall incidence may 
be as high as 80%; incidence of post-
chemotherapy chronic diarrhea may 
be as high as 49%. Regimens contain-
ing either irinotecan or 5-fluorouracil 
account for up to 80% of the incidence 
of chemotherapy-induced diarrhea and 
for one-third of patients experienc-
ing grade 3 or 4 diarrhea (McQuade 
et al., 2016).

(2) Targeted therapy: Overall incidence is 
approximately 60% and primarily asso-
ciated with tyrosine kinase inhibitors 
(Pessi et al., 2014).
(a) Erlotinib: Up to 18%
(b) Gefitinib: 25.9%–51.6%
(c) Lapatinib: Up to 64%; increased 

toxicity in combination with 
trastuzumab (up to 60%)

(d) Afatinib: 14.4% (grade 3–4) to 
95% (grade 1–2)

(e) Regorafenib: 34%–40% (grade 
3–4: 5%–8%)

(f) Cabozantinib: 64% (12% reported 
as severe)

(g) Imatinib: 20%–26% (1% reported 
as severe)

(h) Pazopanib: 52% (grade 3 or 4: 
less than 4%)

(i) Sunitinib: 44% (grade 3 or 4: 5%)
(j) Sorafenib: 43%–55.3% (grade 3 

or 4: 2%–7.8%)
(k) Ziv-aflibercept: 69.2% (grade 3 

or 4: 19%)
(l) Axitinib: 11% (grade 3 or higher)

(m) Vandetanib: 74% (10% reported 
as severe and leading to dose 
reduction)

(n) Everolimus: 1%–3% (grade 3 or 4)
(o) Vemurafenib: 5%–6%
(p) Dabrafenib: 1%
(q) Trametinib and selumetinib: 

45%–50% (grade 3 or 4: 4%)
(r) Crizotinib: 50%–60%

(3) Immunotherapy (Pessi et al., 2014)
(a) Monoclonal antibodies: Associ-

ated with 1%–2% (grade 3) to 
21% (grade 2) incidence of diar-
rhea (Pessi et al., 2014)

i. Trastuzumab: Up to 7%; 
increased in combination 
with other therapies (e.g., 
hormone therapy, 19%; che-
motherapy, up to 47%)

ii. Pertuzumab: 3% as mono-
therapy; up to 7.9% in com-
bination with trastuzumab 
and docetaxel

iii. Cetuximab: 13%–28% as 
monotherapy (2% reported 
as severe); incidence of 80% 
in combination therapy with 
chemotherapy (grade 3 or 4: 
6%–28%)

iv. Panitumumab: 21% as mono-
therapy (2% reported as 
severe); incidence of 70% 
in combination therapy with 
chemotherapy (grade 3 or 4: 
8%–20%)

v. Bevacizumab: 69.2% (grade 
3 or 4: 19%)

(b) Checkpoint inhibitors (Spain et 
al., 2016)

i. Ipilimumab: 22%–33%
ii. A nt i–programmed cel l 

death protein 1 antibodies: 
8%–19%
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iii. Combination ipilimumab 
and nivolumab: 44%

4. Clinical manifestations: Diarrhea can contribute 
to numerous sequelae, including dehydration, 
fever, malnutrition, sepsis, frank bleeding, mod-
erate to severe cramping, renal insufficiency, car-
diac dysfunction, and severe electrolyte imbal-
ance, that can contribute to impaired quality of 
life and treatment delays, dose reductions and 
discontinuation, and even death (Andreyev et 
al., 2014; Koselke & Kraft, 2012).
a) Additional sequelae may include perianal 

skin breakdown, discomfort, or infection; 
reduced absorption of oral medications; anx-
iety; and exhaustion.

b) Immune-mediated colitis is characterized 
by abdominal pain, rectal or mucosal bleed-
ing, and inflammation of the large bowel. In 
severe cases, it can progress to intestinal coli-
tis and possibly death (Spain et al., 2016).

5. Risk factors
a) Disease related (NCI, 2017a)

(1) Carcinoid syndrome
(2) Colon cancer
(3) Lymphoma
(4) Medullary carcinoma of the thyroid
(5) Pancreatic cancer
(6) Pheochromocytoma

b) Treatment related
(1) Chemotherapy: Capecitabine, cispla-

tin, cytosine arabinoside, cyclophos-
phamide, daunorubicin, docetaxel, 
doxorubicin, 5-f luorouracil, inter-
feron, irinotecan, leucovorin, metho-
trexate, oxaliplatin, paclitaxel, topote-
can (NCI, 2017a)

(2) Targeted therapy: Tyrosine kinase 
inhibitors, epidermal growth factor 
receptor–targeted therapies (Pessi et 
al., 2014)

(3) Immunotherapy: Checkpoint inhibi-
tors (Pessi et al., 2014)

(4) Radiation therapy: Monotherapy or 
combination radiation therapy, partic-
ularly to the pelvis, abdomen, or lower 
thoracic and lumbar spine, can lead to 
destruction of the cells of the lumen 
of the bowel and can be an acute or 
chronic toxicity (NCI, 2017a).

(5) Surgery: Celiac plexus block, chole-
cystectomy, esophagogastrectomy, gas-
trectomy, pancreatic duodenectomy, 
intestinal resection, vagotomy (NCI, 
2017a). Manipulation of the bowel dur-
ing surgery may cause diarrhea or ileus.

(6) Other pharmacologic agents: Antibi-
otics, magnesium-containing antacids, 
antihypertensives, colchicine, digoxin, 
iron, lactulose, laxatives, methyldopa, 
metoclopramide, misoprostol, potas-
sium supplements, propranolol, the-
ophylline (NCI, 2017a)

c) Acute or chronic conditions (NCI, 2017a)
(1) Immunosuppression
(2) Infection related to mucositis and neu-

tropenia (e.g., infection with rotavirus, 
Escherichia coli, Shigella, Salmonella, Giar-
dia, or Clostridium difficile)

(3) Graft-versus-host disease
(4) Diabetes, hyperthyroidism, inflam-

matory bowel disease (Crohn disease, 
diverticulitis, gastroenteritis, HIV/
AIDS, ulcerative colitis), obstruction 
(tumor related)

(5) Malabsorption, partial bowel obstruc-
tion, bowel edema, motility disruption

d) Behavioral and psychosocial (NCI, 2017a)
(1) Anxiety and stress
(2) Dietary causes (e.g., lactose intoler-

ance; ingestion of caffeine, alcohol, 
or spicy or fatty foods; use of hyperos-
motic dietary supplements)

6. Assessment: Timely and accurate assessment 
is critical to the management of diarrhea and 
prevention of severe sequelae, including death 
(NCI, 2017a).
a) Assessment (Andreyev et al., 2014)

(1) History
(a) Assess patients for concerning 

symptoms, which include abdom-
inal cramps or nausea not respon-
sive to pharmacologic manage-
ment, inability to eat, increased 
fatigue, chest pain, vomiting, 
reduced urine output secondary 
to dehydration, fever (higher than 
38.5°C), GI bleed, and previous 
admission for diarrhea.

(b) Include a diet history to evalu-
ate for items that could contrib-
ute to diarrhea (e.g., irritating 
foods, alcohol, coffee, fiber, fruit, 
lactose-containing foods or fluids, 
sorbitol-based gum, candy, herbal 
teas that may contain laxatives), as 
well as history or new onset of food 
or lactose intolerance or allergies.

(c) Assess stool quality and charac-
teristics, including continence 
and changes in bowel patterns, 
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frequency, consistency, volume, 
odor, and visible presence of blood 
in stool.

(d) Evaluate current or recent medi-
cations, including antacids (espe-
cially those containing magne-
sium), antiarrhythmics, antibiot-
ics, antihypertensives, caffeine, 
diuretics, laxatives or stool soft-
eners, magnesium oxide, nonste-
roidal anti-inflammatory drugs, 
potassium or calcium supple-
ments, promotility agents (meto-
clopramide), and theophylline.

(e) Evaluate other confounding fac-
tors, including travel history (out-
side the United States), use of alter-
native therapies (e.g., dietary sup-
plements, herbal remedies), and 
opioid withdrawal.

(2) Physical assessment
(a) Vital signs
(b) Weight (with attention to signifi-

cant weight gain or loss)
(c) Peripheral perfusion
(d) Physical examination, with par-

ticular attention to the GI sys-
tem (e.g., visual inspection; pal-
pation and auscultation of the 
abdomen with particular atten-
tion to guarding and rebound 
tenderness; assessment for fecal 
impaction, including in patients 
with neutropenia, unless such an 
examination would cause severe 
rectal pain)

(e) Alterations in skin integrity, partic-
ularly focused on the perianal area

(f) Evaluation for signs and symptoms 
of dehydration, including delayed 
capillary refill and reduced skin 
turgor

(3) Laboratory assessment
(a) Stool sample for consistency, pres-

ence of blood, and infectious 
sources. Conduct Clostridium diffi-
cile testing and consider testing for 
rotavirus and norovirus in the win-
ter and bacterial and parasite cul-
tures if travel would put the patient 
at risk (NCCN, 2017a).

(b) Serum chemistries for electrolyte 
imbalance, specifically potassium

(c) Albumin levels, which may be 
decreased with diarrhea

(d) Complete blood count to deter-
mine if neutropenia or infection 
is present

(e) Acid–base balance and lactate con-
centrations in presence of hypo-
tension and tachycardia

(f) Urinalysis
(g) Biopsy of ulcerations to evaluate 

for viral infection, particularly 
cytomegalovirus

(4) Radiographic assessment
(a) Computed tomography scan of the 

abdomen to evaluate for entero-
colitis, perforation, abscess, and 
pancreatitis

(b) Endoscopy and flexible sigmoid-
oscopy

b) Assessment tools: The Common Terminol-
ogy Criteria for Adverse Events is the cur-
rent standard for assessment and grading of 
treatment-related toxicities, including diar-
rhea (NCI Cancer Therapy Evaluation Pro-
gram [CTEP], 2017; see Figure 15-4).

7. Collaborative management (see Figure 15-4)
a) Fluid resuscitation

(1) Oral: Daily fluid intake of 3–4 L of 
water is recommended, in some cases 
with the addition of salt and sugar 
(Pessi et al., 2014).

(2) IV: Fluid bolus, preferably using nor-
mal saline (never hypotonic solutions 
such as 5% dextrose), should be imple-
mented to evaluate for blood plasma 
volume increases. If hemodynamic 
stability is not achieved, further eval-
uation from an intensivist or nephrol-
ogist should be sought (Andreyev et 
al., 2014).

b) Electrolyte repletion
(1) Hypokalemia: Potassium less than 3.5 

mEq/L
(2) Magnesium: Less than 0.4 mmol/L or, 

in symptomatic patients, less than 0.4–
0.7 mmol/L

(3) Calcium: Adjusted calcium concentra-
tion less than 2.2 mmol/L

(4) Phosphates: If severe (less than 0.3 
mmol/L) or moderate (0.3 – 0.6 
mmol/L), consider repletion; hypo-
magnesemia and hypocalcemia might 
predispose patients to hypophospha-
temia.

c) Pharmacologic management
(1) Chemotherapy- and targeted therapy–

induced diarrhea
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(a) Loperamide: Nonanalgesic ago-
nist that decreases intestinal 
motility through activity on the 
mu-opioid receptor in the mes-
enteric plexus (McQuade et al., 
2016). Dosing: Starting dose is 4 
mg, followed by 2 mg every two 
hours, taken 30 minutes before 
food if possible (Andreyev et al., 
2014; Shaw & Taylor, 2012; Thorpe, 
Byar, Conley, Drapek, et al., 2017).

(b) Octreotide: Synthetic somatosta-
tin analog that increases intesti-
nal transit time through inhibition 
of gut hormones (McQuade et al., 
2016). Dosing: 500 mcg twice daily 
is currently recommended and may 
be administered via IV or subcu-
taneous administration. Octreo-
tide may be effective in patients 
who are refractory to loperamide 
(Andreyev et al., 2014; Thorpe, 
Byar, Conley, Drapek, et al., 2017).

(c) Tincture of opium: Decreases 
intestinal motility through activ-
ity on the mu-opioid receptors; 
contains 10 mg/ml of morphine 
(McQuade et al., 2016)

i. Dosing: 10–15 drops per 
3–4 hours. Evidence is lim-
ited, specifically in the pres-
ence of chemotherapy- and 
targeted therapy–induced 
diarrhea; however, it may 
be used as second-line ther-
apy (Koselke & Kraft, 2012).

ii. Monitor for side effects, 
which may include nausea 
and vomiting (most com-
mon), painful urination, 
allergic reaction, seizure, 
abdominal pain, constipa-
tion, and potential for respi-
ratory depression (McQuade 
et al., 2016).

(d) Evidence is mixed regarding the 
use of steroids alone or in combi-
nation with loperamide (Pessi et 
al., 2014).

(e) Antibiotics should be introduced 
in diarrhea lasting greater than 24 
hours to reduce the risk of sepsis 
(Koselke & Kraft, 2012).

(f) Irinotecan is a chemotherapy 
drug that can cause acute diar-

rhea (during or immediately after 
drug administration) or delayed 
diarrhea. Immediate-onset diar-
rhea is caused by acute choliner-
gic properties and often is accom-
panied by other symptoms includ-
ing abdominal cramping, rhinitis, 
lacrimation, and salivation. The 
mean duration of symptoms is 30 
minutes, and they usually respond 
rapidly to atropine. Delayed diarrhea 
is defined as diarrhea occurring 
greater than 24 hours after admin-
istration of irinotecan and com-
monly is treated with loperamide 
(Stein, Voigt, & Jordan, 2010). Pro-
phylactic atropine may be consid-
ered (unless clinically contraindi-
cated) for patients who experience 
cholinergic symptoms (Pfizer Inc., 
2016; see Table 15-6).

(2) Immune-mediated diarrhea (Spain et 
al., 2016): Refer to section D for a full 
review of the management of colitis.
(a) Implement supportive care mea-

sures and introduction of loper-
amide in grade 1 cases, as out-
lined below.

(b) Prednisolone 0.5–1 mg/kg/day 
should be initiated in the pres-
ence of grade 2 diarrhea or grade 
1 diarrhea with no improvement in 
or worsening symptoms; increase 
to 1–2 mg/kg/day at grade 3 diar-
rhea.

(c) Introduce infliximab 5 mg/kg and 
continue steroid use in the pres-
ence of grade 3 diarrhea (except 
in patients with sepsis or perfora-
tion, for whom infliximab is con-
traindicated).

(d) Include additional use of immu-
nosuppressants, including tacro-
limus or mycophenolate mofetil, 
if the diarrhea is refractory to 
first-line therapy.

d) Other management strategies
(1) I n  t h e  p r e s e n c e  o f  s e v e r e 

immune-mediated colitis with result-
ing diarrhea, colectomy may be appro-
priate in select cases (Spain et al., 2016).

(2) Dietary modif ications, including 
bland diet, may be implemented 
(Schmidt-Hieber et al., 2017; Thorpe, 
Byar, Conley, Drapek, et al., 2017).
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Table 15-6. Common Antidiarrheal Medications

Classification
Mechanism of 

Action Drug

Route, Dose, and 
Schedule for Adult 

Patientsa Side Effectsa Nursing Considerationsa

Antimotility 
agents

Slows GI tran-
sit time and 
promotes reab-
sorption of 
water from 
bowel; antiperi-
staltic

Diphenoxyl-
ate hydrochlo-
ride with atro-
pine sulfate 
(Lomotil®)

Individualize dosage. Ini-
tial dose is 10 mg fol-
lowed by 5 mg PO QID; 
maximum dose is 20 mg/
day.

Dry mouth, uri-
nary retention, con-
fusion, sedation, 
restlessness

Bacterial diarrhea should 
also be managed with the 
appropriate antimicrobial 
therapy.

Lomotil is contraindicated for 
the treatment of diarrhea 
secondary to pseudomem-
branous colitis.

In patients with advanced 
liver disease, drug may 
precipitate hepatic coma.

Do not use in children 
younger than age 2.

Loperamide 
(Imodium® 
A-D)

4 mg PO initially, fol-
lowed by 2 mg PO after 
each unformed stool; do 
not exceed 16 mg/day. 
Exception: Doses are 
higher for late-onset irino-
tecan-induced diarrhea (2 
mg every 2 hours). 

Constipation, 
fatigue, urinary 
retention, drowsi-
ness, dizziness

Bacterial diarrhea should 
also be managed with the 
appropriate antimicrobial 
therapy.

Do not use in children 
younger than age 2.

Somatostatin 
analogs

Inhibits growth 
hormone, glu-
cagon, and 
insulin; pro-
longs intes-
tinal transit 
time; increases 
sodium and 
water absorp-
tion

Octreo-
tide (Sand-
ostatin®)

100–150 mcg SC or IV 
TID. Doses may be esca-
lated to 500 mcg SC or IV 
TID or by continuous IV 
infusion 25–50 mcg/hr.

Abdominal dis-
comfort, flatulence, 
constipation, diar-
rhea, nausea, diz-
ziness, headache, 
cardiac dysrhyth-
mias, bradycardia

Drug may interact with insu-
lin, oral hypoglycemic 
medications, beta-block-
ers, and calcium channel 
blockers. Insulin require-
ments may be decreased.

Observe for hyperglycemia 
and hypoglycemia.

Drug may decrease levels of 
cyclosporine when given 
concurrently.

Drug may increase risk of 
developing gallstones.

Drug is recommended after 
failure of loperamide or in 
patients with complicated 
diarrhea. Complicated diar-
rhea is defined as involving 
abdominal cramping, nau-
sea and vomiting, fever, 
sepsis, neutropenia, or 
bleeding.

Sandostatin LAR Depot is 
under investigation for the 
treatment of chemother-
apy-induced diarrhea.

Anticholiner-
gics

Antagonist of 
acetylcholine

Atropine Used for early-onset cho-
linergic diarrhea (e.g., iri-
notecan induced), 0.25–1 
mg IV or SC

Dry mouth, blurred 
vision, photopho-
bia, constipa-
tion, xerostomia, 
tachyarrhythmia

Antacids interfere with 
absorption of atropine.

Drug is contraindicated in 
patients with closed-angle 
glaucoma.

a Consult product information for complete list of contraindications, drug interactions, and dosage ranges.
GI—gastrointestinal; IV—intravenous; PO—oral; QID—four times daily; SC—subcutaneous; TID—three times daily
Note. Based on information from Benson et al., 2004; Engelking, 2008; Gibson & Stringer, 2009; Stein et al., 2010; and manufacturers’ prescribing informa-
tion.
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(3) Evidence suggests the potential 
efficacy of probiotics in reducing 
antibiotic-associated diarrhea; how-
ever, more studies are needed to eval-
uate safety (Schmidt-Hieber et al., 
2017).

e) Interventions by grade (NCCN, 2017a)
(1) Grade 1

(a) Oral hydration and electrolyte 
replacement

(b) Antidiarrheal medication: Admin-
ister antidiarrheal medication as 
appropriate once infection has 
been ruled out. This will reduce 
stool frequency, volume, and peri-
stalsis. Mistakenly using an anti-
diarrheal to treat diarrhea caused 
by infection can intensify diar-
rhea severity and infectious com-
plications.

(c) Dose reduction or discontinua-
tion of chemotherapy if diarrhea 
is chemotherapy induced

(d) Bland diet or clear liquids
(2) Grade 2

(a) IV fluids if patient cannot tolerate 
oral hydration

(b) Initiation or continuation of anti-
diarrheal medication

(c) Introduction or continuation of 
bland diet or clear liquids

(d) Consideration of anticholiner-
gic agents

(e) Treatment with antibiotics if diar-
rhea is infection related

(f) Delay or discontinuation of che-
motherapy if diarrhea is chemo-
therapy induced

(g) Withholding of immunother-
apy agent if diarrhea is immune 
mediated

(h) Consideration of corticosteroids, 
infliximab, and probiotics for 
immune-related diarrhea

(3) Grade 3 or 4
(a) Inpatient hospitalization, includ-

ing intensive care for grade 4
(b) For graft-versus-host disease–

related diarrhea, dietary limita-
tions, steroids, and consideration 
of IV nutrition

(c) IV fluids
(d) Antidiarrheal and anticholiner-

gic agents
(e) Consideration of somatostatin

(f) Permanent discontinuation of 
causative immunotherapy agent 
(Spain et al., 2016)

8. Patient and family education (Muehlbauer et 
al., 2009)
a) Discuss treatment-related risks and diarrhea 

manifestations with patients and caregivers 
at the outset of treatment, using visual aids, 
such as the Bristol stool chart, as appropri-
ate (Andreyev et al., 2014).

b) Educate patients to be aware of their base-
line bowel functioning, monitor for changes 
in bowel habits, and report changes to their 
provider.

c) Start antidiarrheal medications at the speci-
fied time. With certain chemotherapy agents, 
antidiarrheal medication should be pro-
vided so that patients can self-administer at 
the onset.

d) Instruct patients on dietary recommenda-
tions and fluid intake.

(1) Avoid foods high in insoluble fiber 
(e.g., raw fruits and vegetables), greasy 
or fried foods, lactose, skins, seeds, 
legumes, caffeine, alcohol, and hyper-
osmotic liquids. These may be stimulat-
ing or irritating to the GI tract.

(2) Include foods high in soluble fiber or 
pectin in their diets and low insolu-
ble fiber foods such as rice noodles, 
bananas, white toast, skinned turkey 
or chicken, fish, and mashed potatoes.

(3) Maintain fluid intake by drinking 8–10 
large glasses each day of clear fluids 
(e.g., bouillon; weak, tepid decaffein-
ated tea; gelatin; sports drinks). Water 
alone lacks the needed electrolytes and 
vitamins. Carbonated and caffeinated 
drinks contain relatively few electro-
lytes and may worsen diarrhea. Fluids 
with glucose are useful because glucose 
absorption drives sodium and water 
back into the body.

(4) Limit the use of sugar-free candies or 
gum made with sugar alcohol (sorbi-
tol), which can cause diarrhea (NCI, 
2017a).

(5) Eat food at room temperature if not tol-
erated otherwise. Hot and cold foods 
may aggravate diarrhea.

(6) Limit or avoid milk and other dairy 
products.

(7) Avoid hyperosmotic supplements (e.g., 
Ensure®), which can contribute to the 
production of loose, high-volume stools.
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e) Instruct patients and families on skin care.
(1) Clean the rectal area with mild soap 

and water after each bowel movement, 
rinsing well and patting dry with a soft 
towel. Cleansing decreases the risk of 
infection and skin irritation.

(2) Apply moisture-barrier ointment to 
protect perianal skin.

(3) Take warm sitz baths to relieve pain 
related to perianal inflammation. Anes-
thetic creams or sprays may help to 
relieve pain related to inflammation.

f) Educate patients and families on symptoms 
to report.

(1) Understand when diarrhea can be 
self-managed and when to seek help.

(2) Report excessive thirst, fever, dizziness 
or light-headedness, palpitations, rectal 
spasms, excessive cramping, watery or 
bloody stools, and continued diarrhea 
despite antidiarrheal treatment. These 
symptoms can be life threatening.

D. Colitis
1. Definitions and pathophysiology: Colitis is a 

general term for a disorder characterized by 
the inflammation of the colon (NCI CTEP, 
2017). Colitis has multiple causes and, there-
fore, slightly different definitions based on the 
causative agent.
a) Neutropenic enterocolitis, also called typhlitis, 

results from the combination of neutropenia 
and damage to the bowel mucosa from chemo-
therapy (Palmore, Parta, Cuellar-Rodriguez, 
& Gea-Banancloche, 2015). Neutropenic 
enterocolitis can be life threatening (Nesher 
& Rolston, 2012).

(1) Severe neutropenia (absolute neutro-
phil count [ANC] less than 500/mm3) 
decreases the immune response against 
the invasion of local tissue by intesti-
nal microbes.

(2) Mucosal injury predisposes the colon 
to distension and necrosis (Rodrigues, 
Dasilva, & Wexner, 2017).

(3) Mucosal motility can be altered, allow-
ing for the colon to become more vul-
nerable to bacterial invasion and over-
growth (Rodrigues et al., 2017).

(4) Multiple proinf lammatory media-
tors inside the intestinal lumen cause 
increased mucosal permeabilit y 
(Nesher & Rolston, 2012).

(5) The cause is frequently polymicrobial 
and includes bacterial and fungal spe-

cies, such as Clostridium difficile (C. dif-
ficile) or Candida albicans (Nesher & 
Rolston, 2012; Palmore et al., 2015).

b) C. difficile colitis (Anand & Glatt, 1993)
(1) This type of colitis is a superficial 

necrosis causing exudative plaque of 
mucosa in the colon caused by C. diffi-
cile and its toxin.

(2) Chemotherapy agents and antibiot-
ics alter the normal gut flora, causing 
overgrowth of C. difficile and its toxin.

(3) Following chemotherapy administra-
tion, the colon may undergo desquama-
tion and necrosis, secondarily provid-
ing an anaerobic environment, which 
in turn allows for overgrowth of C. dif-
ficile and its toxin.

(4) The bacteria and toxin are unable to be 
degraded or passed because the colon 
accumulates protein-rich fluids, such 
as albumin, in the intraluminal layer.

(5) Decreased degradation of the toxin and 
increased overgrowth of the C. difficile 
bacteria occur.

(6) This cycle of normal mucosa being 
destroyed, creating a seemingly per-
fect environment for C. difficile and 
its toxin to overgrow, is repeated with 
future cycles of chemotherapy and 
likely affects the body’s ability to rees-
tablish normal flora.

c) Immune-mediated colitis
(1) Cytotoxic T-lymphocyte antigen 4 

(CTLA-4) monoclonal antibody (e.g., 
ipilimumab)
(a) Fully humanized monoclonal 

antibody (immunoglobulin G1) 
against CTLA-4 that promotes 
antitumor T-cell immunity

(b) Causes apoptosis of activated T 
cells, which negatively regulates 
T-cell activation

(c) Mechanism of action (Barina et 
al., 2016)

i. Suppresses CTLA-4, which 
causes activation of T cells

ii. Activated T cells cause tissue  
damage inside the colon, 
which destroys mucosal immu-
nity, disrupting the enteric 
flora and antibody levels.

iii. Causes inf lammation in 
the GI mucosa and is man-
ifested in diarrhea and 
immune-mediated colitis
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(2) Programmed cell death-protein 1 (PD-
1) inhibitor monoclonal antibodies 
(e.g., nivolumab, pembrolizumab)
(a) Nivolumab and pembrolizumab 

are human immunoglobulin G4 
monoclonal antibodies that bind 
to the PD-1 receptor and block 
its interaction with programmed 
cell death-ligand 1 and 2 (PD-L1 
and PD-L2)

(b) Mechanism of action (Chen, 
Pezhouh, Lauwers, & Masia, 2017)

i. Signaling limits effector 
function on the activated T 
cells in the periphery.

ii. Depletion of regulatory T 
cells causes inhibition or 
block of anti-inflammatory 
mechanisms.

iii. Inhibited cytokine produc-
tion and widespread immune 
dysregulation result.

(c) PD-1 inhibitors can cause collag-
enous colitis (Baroudjian et al., 
2016).

i. Characterized by subepi-
thelial collagen band (more 
than 10 mcm) with increased 
intraepithelial lymphocytes

ii. Blocking the PD-1 pathway 
may trigger mucosal T lym-
phocytes.

iii. Diagnosed from colonos-
copy with pathologic inter-
pretation

(3) PD-L1 inhibitors (e.g., atezolizumab, 
avelumab, durvalumab)
(a) Mechanism of action: Blockade 

of the PD-L1 pathway causes an 
increase in T-cell activation, which 
ultimately leads to decreased 
tumor size.

(b) When the PD-L1 pathway is 
blocked, immune responses 
are inhibited without causing 
antibody-dependent cell-mediated 
cytotoxicity.

(c) Diarrhea and colitis with PD-L1 
agents have a similar presentation 
as with PD-1 agents.

(d) The combination of checkpoint 
inhibitors such as ipilimumab 
and nivolumab further increases 
risk and toxicity (Kroschinsky et 
al., 2017).

(e) The combination of checkpoint 
inhibitors and radiation therapy 
to the abdomen also increases risk 
of toxicity, most frequently, diar-
rhea and colitis.

(4) PI3K inhibitors (e.g., idelalisib): Mech-
anism of action
(a) Inhibits PI3K pathway to induce 

apoptosis of malignant B cells
(b) Causes tissue damage in the colon 

and mucosal lining, which man-
ifests as diarrhea and immune- 
mediated colitis (Louie et al., 2015)

2. Incidence
a) Neutropenic enterocolitis: Incidence is 0.8%–

26%, but it is frequently underreported 
(Nesher & Rolston, 2012).

b) C. difficile colitis
(1) Incidence of positive C. difficile blood 

cultures is 18% –44% (Nesher & 
Rolston, 2012).

(2) Relapse can occur with each subse-
quent cycle of chemotherapy in as 
many as 43% of patients (Anand & 
Glatt, 1993).

c) Invasive fungal–induced colitis: The inci-
dence of invasive fungal–induced colitis is 
approximately 5% (Nesher & Rolston, 2012).

d) Immune-mediated colitis (see Table 15-7)
(1) CTLA-4 monoclonal antibodies—ipi-

limumab
(a) 14% of patients developed symp-

toms, 33% developed diffuse coli-
tis (Barina et al., 2016).

(b) 8%–22% of patients developed 
colitis (Gupta, De Felice, Loftus, 
& Khanna, 2015).

(c) 17% of patients developed segmen-
tal colitis with diverticulosis (Bar-
ina et al., 2016).

(d) 50% of patients developed isolated 
rectosigmoid colitis without diver-
ticulosis (Barina et al., 2016).

(e) T h e  m e d i a n  o n s e t  o f 
ipilimumab-induced colitis was 
34 days or following three treat-
ments (Cramer & Bresalier, 2017).

(f) Ipilimumab 3 mg/kg—7% of 
patients experienced diarrhea with 
up to six stools above baseline, with 
only 5% of patients experiencing 
colitis (Bristol-Myers Squibb Co., 
2017).

i. The median onset to grade 2 
colitis was 1.4 months.
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ii. The median onset to grade 
3–5 colitis was 1.7 months.

(2) PD-1 inhibitor monoclonal antibod-
ies—nivolumab and pembrolizumab
(a) Up to 61% of patients experi-

ence immune-related adverse 
events, including GI, dermato-
logic, and hepatic toxicities (Cra-
mer & Bresalier, 2017; Gupta et 
al., 2015).

(b) 27% of patients present with mild 
to severe diarrhea (Cramer & 
Bresalier, 2017).

(c) Up to 12% of patients may develop 
enterocolitis (Cramer & Bresal-
ier, 2017).

(d) Nivolumab (Bristol-Myers Squibb 
Co., 2018)

i. 2.9% of patients receiving 
nivolumab as a single agent 
across clinical trials expe-
rienced immune-mediated 
colitis.

ii. Median time to onset was 
5.3 months.

iii. 1% of patients required drug 
hold.

iv. 0.7% of patients required 
permanent discontinuation 
of drug.

(e) Pembrolizumab (Merck and Co., 
Inc., 2017)

i. In the trials that led to U.S. 
Food and Drug Adminis-
tration approval, 1.7% of 
patients experienced colitis.

Table 15-7. Drug Classes and Associated Colitis and Diarrhea Risk

Drug Target Indication Route Toxicity Incidence
Median Time to 

Onset

Tyrosine Kinase Inhibitor

Idelalisib
(Zydelig®)

PI3K Relapsed CLL/SLL
Relapsed follicular lymphoma

PO Grade 3–4 diarrhea or coli-
tis: 14%

1 week to 1 month

Checkpoint Inhibitors

Atezolizumab
(Tecentriq®)

PD-L1 NSCLC
Urothelial carcinoma

IV Diarrhea or colitis: 19.7% 21 days

Avelumab
(Bavencio®)

PD-L1 Merkel cell carcinoma
Urothelial carcinoma

IV Diarrhea: 1.5%
Colitis: 0.4%

2.1 months; median 
duration 6 weeks

Durvalumab
(Imfinzi®)

PD-L1 Urothelial carcinoma IV Any diarrhea or colitis: 
12.6%

Grade 3–4 diarrhea or coli-
tis: 1.1%

73 days

Ipilimumab
(Yervoy®)

CTLA-4 Melanoma IV Diarrhea: 7%
Colitis: 5%

1.4–1.7 months

Nivolumab
(Opdivo®)

PD-1 Melanoma
NSCLC
RCC
Hodgkin lymphoma
Urothelial carcinoma
Head and neck cancer

IV Grade 3–4 diarrhea: 1.6%
Colitis: 2.9%

5.3 months

Pembrolizumab
(Keytruda®)

PD-1 Melanoma
NSCLC
HNSCC
Hodgkin lymphoma

IV Grade 3–4 diarrhea: 0.8%
Colitis: 1.7%

6–18 weeks

CLL/SLL—chronic lymphocytic leukemia/small lymphocytic lymphoma; CTLA-4—cytotoxic T-lymphocyte antigen 4; HNSCC—head and neck squamous 
cell carcinoma; IV—intravenous; NSCLC—non-small cell lung cancer; PD-L1—programmed cell death-ligand 1; PD-1—programmed cell death protein 1; 
PI3K—phosphoinositide 3-kinase; PO—oral; RCC—renal cell carcinoma
Note. Based on information from AstraZeneca Pharmaceuticals LP, 2017; Barina et al., 2016; Baroudjian et al., 2016; Bristol-Myers Squibb Co., 2017, 2018; 
Cramer & Bresalier, 2017; EMD Serono, Inc., 2017; Genentech, Inc., 2017; Gilead Sciences, Inc., 2018; Gupta et al., 2015; Merck and Co., Inc., 2017; Wei-
dner et al., 2015.
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ii. Median time to onset was 3.5 
months, and median dura-
tion was 1.3 months.

(3) PD-L1 inhibitor monoclonal antibod-
ies—atezolizumab, avelumab, dur-
valumab
(a) 9% of patients receiving PD-L1 

agents on clinical trials reported 
diarrhea of all grades (includ-
ing disease types of melanoma, 
non-small cell lung cancer, colorec-
tal cancer, ovarian cancer, renal 
cell carcinoma, pancreatic carci-
noma, gastric cancer, and breast 
cancer) (Brahmer et al., 2012).

(b) Avelumab (EMD Serono, Inc., 
2017)

i. 1.5% of patients developed 
colitis with 0.4% grade 3 
colitis.

ii. Median time to onset was 2.1 
months, and median dura-
tion was six weeks.

(c) Atezolizumab (Genentech, Inc., 
2017)

i. 19.7% of patients across clin-
ical trials developed colitis or 
diarrhea.

ii. 0.8% of patients with uro-
thelial carcinoma and 0.5% 
of patients with non-small 
cell lung cancer developed 
immune-mediated colitis.

iii. Median time to onset was 
21 days.

(d) Durvalumab (AstraZeneca Phar-
maceuticals LP, 2017)

i. 12.6% of patients in clini-
cal trials developed colitis 
or diarrhea.

ii. 1.1% developed grade 3–4 
colitis or diarrhea.

iii. Median time to onset was 
73 days.

(4) PI3K inhibitor—idelalisib
(a) According to a study by Weidner 

et al. (2015), 30%–45% of patients 
will develop severe diarrhea with 
more than seven stools above 
baseline. Approximately 71% of 
patients with severe diarrhea will 
develop colitis.

(b) According to clinical trials leading 
to U.S. Food and Drug Adminis-
tration approval of idelalisib, 14% 

of patients experienced grade 3–4 
diarrhea or colitis with median 
time to onset ranging from one 
week to one month (Gilead Sci-
ences, Inc., 2018).

3. Risk factors
a) Currently receiving an immunotherapy agent 

that induces colitis
b) History of colitis, whether chemotherapy 

induced or from previous immunotherapy 
agents. Patients who received anti-CTLA-4 
therapy and had associated colitis had a 
higher incidence of colitis when exposed to 
other immunotherapy agents such as PD-1 
inhibitors (Chen et al., 2017).

c) Preexisting bowel abnormalities such as auto-
immune diseases (Crohn disease or ulcer-
ative colitis), diverticulitis, history of bowel 
surgery, and extensive tumor infiltration 
(Nesher & Rolston, 2012)

d) Neutropenic enterocolitis can occur in 
patients receiving high-dose chemotherapy 
and chemotherapy given for acute leukemia 
treatment (Palmore et al., 2015).

e) Neutropenia, as it reduces the body’s immune 
response and allows for overgrowth of the 
intestinal microbes (Nesher & Rolston, 2012)

f) Radiation therapy, as it increases risk of 
mucosal damage and causes injury and 
destruction to the normal mucosa (Nesher 
& Rolston, 2012)

4. Clinical manifestations (see Table 15-8)
a) Neutropenic enterocolitis (Palmore et al., 

2015)
(1) Febrile and neutropenic (ANC less 

than 500/mm3)
(2) Bowel wall thickening of greater than 

4 mm
(3) Right lower quadrant inflammatory 

mass and mucosal edema; extensive 
involvement of the large bowel and ter-
minal ileum may occur.

(4) Abdominal pain, cramping, disten-
sion, diarrhea, and possibly bloody 
stool (hematochezia)

b) Immune-mediated colitis
(1) Diarrhea: The hallmark symptom of 

ipilimumab-associated colitis is 3–20 
loose bowel movements per day with 
possible associated hematochezia (Bar-
ina et al., 2016).

(2) Nausea
(3) Abdominal pain
(4) Possible fever or chills
(5) PD-1 inhibitor–induced colitis
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(a) Grade 3 diarrhea
(b) Abdominal pain, cramping, dis-

comfort
(c) Pembrolizumab (Baroudjian et 

al., 2016)
i. 16% of patients have diar-

rhea of any grade, while 1% 
of patients will have grade 
3–4 diarrhea.

ii. Nonbloody diarrhea that 
can be severe, causing hypo-
kalemia and weight loss as 
well as other electrolyte 
imbalances

5. Assessment
a) Neutropenic enterocolitis

(1) Plain radiographic films (x-rays) dem-
onstrate lack of bowel gas, usually in 
the right lower quadrant with a dilated 
fluid-filled ascending colon and gas-
eous dilation in the cecum (Nesher & 
Rolston, 2012).

(2) Occasionally, a small bowel obstruc-
tion is demonstrated. Plain films typ-
ically are of limited value and have 
nonspecific findings, unless a patient 
has a suspected bowel perforation, in 
which the presence of free air is dem-
onstrated (Nesher & Rolston, 2012).

(3) Ultrasonography may be used to mea-
sure the thickness of the bowel wall and 
may be useful to measure the clinical 
course of colitis (Nesher & Rolston, 
2012).

(4) Computed tomography (CT) scans 
can differentiate from other sources 
of abdominal pain, such as appendi-
citis and cholecystitis.

(5) CT will demonstrate greater than 4 mm 
thickening in any segment of the bowel 
(Nesher & Rolston, 2012).

(6) Colonoscopy is rarely indicated 
because of the risk of perforation and 
neutropenia (Rodrigues et al., 2017).

Table 15-8. Comparison of Chemotherapy-Induced and Immune-Mediated Colitis

Characteristic Chemotherapy Induced Immune Related

Distribution Superficial Continuous, superficial

Primary location of inflam-
mation

Diffuse pancolitis Left colon
Distal colon and rectum
Diffuse pancolitis

Suspected etiology Predisposition due to neutropenia
C. difficile and associated toxin
Fungal etiologies
Cytomegalovirus

CTLA-4, PD-1, or PI3K inhibition
T-cell activation
Regulatory T-cell depletion
PI3K inhibitor

Histologic findings Bowel wall thickening > 4 mm
Various degrees of hemorrhage, ulcerations, and ecchy-

mosis
Exudates have fibrin and cellular debris on severely ulcer-

ated areas
Microscopic findings: Mucosal and submucosal edema 

with associated necrosis

Cryptitis and granulomas
Lymphoplasmacytic expansion of lam-

ina propria
Apoptotic bodies
Neutropenia 

Management Drug hold or discontinuation
Bowel rest
Antidiarrheal contraindicated
Testing to rule out microbial source
Consideration of G-CSF until resolution or ANC > 1,000/

mm3

Initiation of empiric antimicrobials
Supportive care: Fluids/electrolyte replacement; maintain-

ing hemoglobin > 7 g/dl, platelets > 50,000/mm3

Drug hold or discontinuation
Corticosteroids
Use of infliximab in corticosteroid-resis-

tant colitis
Surgical intervention as last resort

ANC—absolute neutrophil count; CTLA-4—cytotoxic T-lymphocyte antigen 4; G-CSF—granulocyte–colony-stimulating factor; PD-1—programmed cell 
death protein 1; PI3K—phosphoinositide 3-kinase
Note. Based on information from Anand & Glatt, 1993; Barina et al., 2016; Baroudjian et al., 2016; Bavi et al., 2017; Cramer & Bresalier, 2017; Gupta et al., 
2015; Nesher & Rolston, 2012; Palmore et al., 2015; Rodrigues et al., 2017; Weidner et al., 2015; Yanai et al., 2017.
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(7) On surgery or autopsy, the bowel 
appears to be edematous and thick-
ened. It has various degrees of hem-
orrhage, ulcerations, and ecchymosis.

(8) Exudates have fibrin and cellular debris 
on severely ulcerated areas (Nesher & 
Rolston, 2012).

(9) Microscopic findings show mucosal 
and submucosal edema with associ-
ated necrosis (Nesher & Rolston, 2012).

b) Immune-mediated colitis
(1) Ipilimumab-associated colitis

(a) Assessment is based on symptom 
recognition because of the high 
incidence.

(b) Most patients do not require colo-
noscopy (Barina et al., 2016).

(c) CT of the abdomen/pelvis reveals 
mesenteric vessel engorgement 
(75%), pericolonic inflammation, 
hyper-enhancement of colonic 
mucosa (83%), thickening of the 
colon wall (75%), distension of 
the colon with fluid infiltration 
(25%), pneumatosis, and divertic-
ulosis in the inflamed colon seg-
ment. Positron-emission tomogra-
phy images reveal increased fluo-
rodeoxyglucose avidity in the areas 
of the colon affected (86%) (Bar-
ina et al., 2016)

(d) Colonoscopic findings include 
distal and diffuse inflammatory 
colitis with neutrophilic infiltra-
tion and ulceration of the muco-
sal surface (Barina et al., 2016).

(2) PD-1 inhibitor–induced colitis
(a) Colonoscopy reveals inflamma-

tory changes in the GI tract: ulcer-
ations, granularity, exudates, 
and loss of vascularity (Cramer 
& Bresalier, 2017; Gupta et al., 
2015). Biopsies demonstrate neu-
trophilic cryptitis and erosions of 
the mucosal surface (Cramer & 
Bresalier, 2017).

(b) Three types of colitis seen with 
colonoscopy via pathologic fea-
tures (Chen et al., 2017)

i. Active colitis with increased 
apoptosis and crypt atrophy

ii. Lymphocytic colitis with 
increased intraepithelial 
lymphocytes and surface epi-
thelial damage

iii. Recurrent PD-1 inhibitor–
induced colitis with fea-
tures mimicking inflamma-
tory bowel disease due to 
chronicity

(c) Collagenous colitis induced by 
pembrolizumab (Baroudjian et 
al., 2016)

i. Colonoscopy with macro-
scopic and microscopic eval-
uation

ii. Colonoscopy reveals pre-
dominance of intraepithe-
lial lymphocytes both in sur-
face mucosa and within the 
tubules in the lamina pro-
pria, showing similar pre-
sentations between PD-1 and 
PD-L1 therapies as described 
previously (Bavi, Butler, 
Serra, & Chetty, 2017).

(3) PI3K inhibitor–induced colitis: Colo-
noscopy reveals mild to severe pan-
colitis with intraepithelial lymphocy-
tosis (86%), crypt epithelial apopto-
sis (79%), and neutrophilic cryptitis 
(79%) (Weidner et al., 2015).

6. Collaborative management and prevention
a) Preventing diarrhea includes early recogni-

tion of symptoms.
(1) Grading of diarrhea: Proper grading 

of diarrhea is essential for proper man-
agement.

(2) NCI CTEP’s (2017) grading criteria are 
used to assess symptoms of diarrhea 
or colitis and implement a treatment 
management strategy (see Table 15-9).

b) Interprofessional collaboration (Mistry, 
Forbes, & Fowler, 2017)

(1) Educate and inform clinicians on how 
to identify, grade, and manage diar-
rhea and colitis.

(2) Early intervention can improve patient 
outcomes.

(3) Minimize the likelihood of permanent 
or severe side effects.

c) Rule out infectious colitis.
(1) Perform stool tests for enteric patho-

gens and C. difficile (by polymerase 
chain reaction, or PCR) (Gupta et 
al., 2015).

(2) Rule out cytomegalovirus infection 
by performing immunohistochemical 
staining on biopsy samples from colo-
noscopy (Gupta et al., 2015).



Chapter 15. Gastrointestinal and Mucosal Toxicities 325

(3) Rule out fungal causes of colitis.
d) Perform colonoscopy in any patient with 

grade 2 or higher diarrhea (Cramer & Bresa-
lier, 2017).

e) Neutropenic enterocolitis
(1) Hold chemotherapy
(2) Bowel rest
(3) IV fluid replacement
(4) Maintenance of hemoglobin greater 

than 7 g/dl
(5) Maintenance of platelet count greater 

than 50,000/mm3

(6) Initiation of broad-spectrum antibi-
otics with consideration of antifun-
gal agents

(7) Considerat ion of granulocy te–
colony-stimulating factor until reso-
lution or ANC is greater than 1,000/
mm3

(8) Initiation of empiric antimicrobial 
therapy (Rodrigues et al., 2017)

(9) Testing to rule out infectious etiolo-
gies—perform stool cultures for fun-
gal, cytomegalovirus sources, and PCR 
assay for C. difficile.

(10) Delay of chemotherapy until full reso-
lution and consideration of dose mod-
ification for subsequent cycles (Nesher 
& Rolston, 2012)

f) C. difficile colitis
(1) Management with oral vancomycin 

and/or metronidazole
(2) Antidiarrheals are contraindicated 

because they decrease motility, allow-
ing for the C. difficile bacteria and 
toxin to fester and overgrow (Anand 
& Glatt, 1993).

g) Immune-mediated colitis (see example case 
report in Figure 15-5)

(1) Regardless of the immunotherapy 
agent used, effective colitis and diar-

rhea management is accomplished by 
early intervention.

(2) Colitis-related mortality with immuno-
therapy agents has been associated with 

Table 15-9. Common Terminology Criteria for Adverse Events Grading for Colitis

Grade

Adverse Event 1 2 3 4 5

Colitis Asymptomatic; clinical 
or diagnostic observa-
tions only; intervention 
not indicated

Abdominal pain; 
mucus or blood in 
stool

Severe abdominal pain; 
peritoneal signs

Life-threatening con-
sequences; urgent 
intervention indicated

Death

Note. From Common Terminology Criteria for Adverse Events [v.5.0], by National Cancer Institute Cancer Therapy Evaluation Program, 2017. Retrieved 
from https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf.

Figure 15-5. Case Report

 • Age: 61
 • Sex: Female
 • Diagnosis: Relapsed stage IV, grade 2 follicular lymphoma
 • Treatment: Oral PI3K inhibitor
 • Risk factors: None

 – No history of irritable bowel syndrome, malabsorption dis-
orders, or malignancy in GI tract

 – No recent travel
 – No dietary changes
 – No increased stressors in life
 – No recent oral antibiotics

 • Symptoms: Abdominal pain, tenderness, and distension with 
associated diarrhea, reported 8 times per day

 – Loose, watery, and unformed stools
 – Afebrile
 – Mild associated nausea

 • Grade of diarrhea: 3
 • Timeline to occur: 5 cycles
 • Management

 – Drug hold
 – Supportive care—oral fluids and electrolyte replacement
 – Patient tested negative for C. difficile and had negative 
stool cultures.

 – PET-CT demonstrated FDG-avid colon.
 • Symptoms: Symptoms worsened

 – Reported grade 4 diarrhea—12 episodes of diarrhea daily
 – Concerns for colitis

 • Assessment: Colonoscopy
 – Diffuse pancolitis
 – Diffuse erythema with ulcerations
 – Intraepithelial lymphocytosis
 – Neutrophilic cryptitis

 • Management: Initiated oral corticosteroids with improvement 
in symptoms

 – Steroid taper over 6–12 weeks
 – Continued drug hold, with discontinuation in drug due to 
grade 4 toxicity

FDG—fluorodeoxyglucose; GI—gastrointestinal; PET-CT—positron-
emission tomography–computed tomography; PI3K—phosphoinosit-
ide 3-kinase

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
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delayed reporting, nonadherence with 
antidiarrheal regimen, and failure to 
hold the immunotherapy agent (Nai-
doo et al., 2015).

(3) Early identification and diagnosis with 
timely implementation of therapy is 
critical (Gondal, Patel, Gallan, Hart, 
& Bissonnette, 2016).

(4) With early intervention, colitis is revers-
ible.

h) Interventions by grade
(1) Grade 1 bowel symptoms (see Table 

15-9)
(a) Treat symptomatically using antid-

iarrheals (Cramer & Bresalier, 
2017).

(b) Institute f luid and electrolyte 
replacement (Gupta et al., 2015).

(2) Grade 2 bowel symptoms
(a) Hold checkpoint inhibitor ther-

apy, and continue treatment with 
antidiarrheal (Cramer & Bresal-
ier, 2017).

(b) If symptoms persist up to one 
week, it is recommended to ini-
tiate corticosteroids (Cramer & 
Bresalier, 2017).

(c) Initiate at a dosage of 0.5–1 mg/
kg/day of prednisone or equiva-
lent for five to seven days. If no 
improvement occurs, increase 
dosage and manage as grade 
3–4 (Bristol-Myers Squibb Co., 
2018).

(d) Once symptoms decrease to grade 
1, resume therapy, and continue 
a one-month steroid taper. Rapid 
tapering of steroids may result in 
recurrent colitis (Cramer & Bresa-
lier, 2017).

(e) Use of infliximab, a monoclo-
nal antibody against inflamma-
tory cytokine tumor necrosis 
factor-alpha, for corticosteroid- 
resistant colitis (Gupta et al., 2015; 
Yanai, Nakamura, & Matsumoto, 
2017)

i. 17% of  pat ient s  w it h 
ipilimumab-related colitis 
are treated with infliximab 
after corticosteroid failure 
of symptom reduction (Bar-
ina et al., 2016).

ii. Inf liximab is contraindi-
cated in patients with per-

foration or sepsis (Yang, Yu, 
Dong, Zhong, & Hu, 2017).

(3) Grade 3–4 bowel symptoms
(a) Permanently discontinue check-

point inhibitor therapy, and ini-
tiate corticosteroids (Cramer & 
Bresalier, 2017).

(b) Initiate at a dosage of 1–2 mg/
kg/day of prednisone or equiva-
lent followed by one-month ste-
roid taper (Bristol-Myers Squibb 
Co., 2017, 2018).

(c) If grade 3–4 symptoms persist with 
corticosteroids after three to five 
days, initiate infliximab (Cramer 
& Bresalier, 2017).

i) Use of corticosteroids
(1) Of patients with ipilimumab-related 

colitis, 67% were treated with cortico-
steroid taper, and 25% were treated with 
IV corticosteroids (Barina et al., 2016).

(2) Prednisone therapy 0.5–1 mg/kg/
day or equivalent is recommended for 
grade 2 symptoms that persist up to 
one week (Cramer & Bresalier, 2017; 
Gupta et al., 2015).

j) Total colectomy
(1) Colectomy was used as definitive 

treatment in 8% of patients with 
ipilimumab-related colitis after failure 
of medical therapy (Barina et al., 2016).

(2) Surgery is reserved for patients in whom 
medical therapy has failed or those 
who have bowel perforation (Gupta 
et al., 2015).

k) Management of PD-1 inhibitor–induced coli-
tis (Baroudjian et al., 2016)

(1) Pembrolizumab-induced collagenous 
colitis
(a) It is recommended to perform 

colonoscopy with biopsies.
(b) If a diagnosis of collagenous coli-

tis is made with pathology, it is rec-
ommended to continue with PD-1 
inhibitor therapy while initiating 
corticosteroid therapy, such as 
budesonide 9 mg/day, along with 
symptomatic management.

(2) General early intervention includes 
withdrawal of PD-1 inhibitor therapy 
and initiation of steroids.

7. Patient and family education
a) Educate patients and caregivers on defini-

tion of diarrhea and importance of report-
ing bowel movements.
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(1) Underreporting of diarrheal episodes 
may cause a delay in therapy.

(2) Patients should report to the treatment 
team any changes in bowel patterns, 
increase in stools over baseline, or other 
symptoms such as cramping, blood in 
stool, or increased gas or bloating.

b) Although the median onset of colitis and diar-
rhea has been outlined previously, symptoms 
of colitis or diarrhea can occur any time after 
a patient has received an immunotherapy or 
chemotherapy agent.

(1) Drink fluids to maintain clear or pale 
yellow–colored urine.

(2) Eat a well-balanced diet. Patients with 
mild grade 1 diarrhea or colitis can 
follow the colitis diet from the Acad-
emy of Nutrition and Dietetics (Nai-
doo et al., 2015).

(3) Work with a dietitian to determine 
foods that cause flares and avoid those 
foods.

E. Pancreatitis
1. Definition and pathophysiology

a) Acute inflammatory process of the pancreas
b) Classification (Vege, 2017)

(1) Mild acute: Absence of organ failure or 
local or systemic complication

(2) Moderately severe: Transient organ 
failure (resolves within 48 hours) or 
local or systemic complications with-
out persistent organ failure (greater 
than 48 hours)

(3) Severe: Persistent organ failure that 
may involve one or multiple organs

c) The International Association of Pancre-
atology/American Pancreatic Association 
(IAP/APA) defined the diagnosis of acute 
pancreatitis as the presence of at least 
two of the following three features: upper 
abdominal pain, serum amylase or lipase 
more than three times the upper limit of 
normal, and/or imaging, such as CT, mag-
netic resonance imaging, or ultrasonogra-
phy (Working Group IAP/APA Acute Pan-
creatitis Guidelines, 2013).

2. Incidence and risk factors
a) L-Asparaginase and PEG-asparaginase: 

Prevalence of pancreatitis is 2%–16% (Ngo, 
Jia, Green, Gulati, & Lall, 2015) and usually 
occurs with the first three to five doses.

b) Other chemotherapy agents: Carboplatin, 
cisplatin, cytarabine, ifosfamide, paclitaxel, 
and vinorelbine. Onset is variable and may 

range from hours to one month after admin-
istration (Ngo et al., 2015).

c) Immune checkpoint inhibitors: Ipilimumab, 
nivolumab, pembrolizumab, atezolizumab 
(Davies, 2016). Pancreatitis can occur dur-
ing treatment or weeks to months after treat-
ment is discontinued.

d) Targeted therapies: Pancreatic effects can 
range from asymptomatic pancreatic enzyme 
elevation to acute pancreatitis.

(1) Frequency of acute pancreatitis in clin-
ical trials is 0%–4.3%.

(2) Amylase and lipase elevation frequently 
is reported with tyrosine kinase inhib-
itors.

(3) A meta-analysis evaluating pancreati-
tis with vascular endothelial growth 
factor receptor tyrosine kinase inhibi-
tors (sunitinib, sorafenib, pazopanib, 
axitinib, vandetanib, cabozantinib, 
ponatinib, regorafenib) observed a 
1.95-fold increase in risk of all grades 
of pancreatitis; however, the risk of 
severe (grade 3 or higher) was not sig-
nificant (Ghatalia et al., 2105).

e) Obstructions of the duct system, including 
periampullary neoplasms, cholelithiasis, and 
congenital alterations in the ductal system, 
such as pancreas divisum

f) Hypertriglyceridemia, hypercalcemia
g) Diabetes
h) Tumor lysis syndrome
i) Post–endoscopic retrograde cholangiopan-

creatography: Pancreatitis is the most com-
mon postprocedure complication. Risk is 
increased with chronic pancreatitis and after 
inadvertent cannulation of the pancreatic 
duct (Phillip, Schwab, Haf, & Algül, 2017).

j) Alcohol abuse
k) Illicit drug use
l) Pediatrics: Hematopoietic stem cell trans-

plantation (HSCT)
m) Infection

3. Clinical manifestations (Vege, 2017)
a) Three main manifestations

(1) Acute onset of persistent, severe epi-
gastric abdominal pain, which may be 
right upper quadrant or, rarely, con-
fined to the left side. Approximately 
50% radiates to the back. Pain may be 
partially relieved by sitting up or bend-
ing forward.

(2) Pancreatic enzyme elevations
(a) Serum amylase: Rises within 6–12 

hours. Elevation greater than 
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three times the upper limit of nor-
mal has sensitivity for diagnosis of 
acute pancreatitis; if uncompli-
cated, amylase returns to normal 
three to five days.

(b) Serum lipase: Rises 4–8 hours 
after onset of symptoms, peaks 
at 24 hours, and returns to nor-
mal within 8–14 days. These ele-
vations occur earlier, last longer 
compared to amylase elevations, 
and are more sensitive in patients 
with pancreatitis secondary to 
alcohol abuse.

(c) Trypsinogen activation peptide: Is 
elevated early and may be useful 
in detection of early acute pancre-
atitis and as a predictor of severity 
(Vege, 2017).

(3) CT positive for signs of pancreatic 
inflammation

b) Other clinical findings (Vege, 2017)
(1) Fever
(2) Tachycardia and hypovolemia
(3) Hypoxemia
(4) Dyspnea due to diaphragmatic inflam-

mation
(5) Nausea and vomiting (incidence of 

approximately 90%)
(6) Jaundice, elevated liver function tests
(7) Hypoactive bowel sounds, ileus
(8) Leukocytosis, elevated hematocrit from 

hemoconcentration due to extravasa-
tion of intravascular fluid into third 
space

(9) Elevated blood urea nitrogen, hypocal-
cemia, hyperglycemia, hypoglycemia

(10) Hemorrhagic pancreatitis is mani-
fested by ecchymotic discoloration 
around the umbilicus (Cullen sign) 
or along the flank (Grey Turner sign). 
These suggest possible retroperitoneal 
bleeding in the setting of pancreatic 
necrosis.

(11) Later complications include hemor-
rhage, sepsis, and multisystem organ 
failure.

4. Assessment
a) Perform a physical examination to find and 

document the preceding clinical manifes-
tations.

b) The epigastrium may be minimally tender to 
palpation. With severe pancreatitis, patients 
may have significant tenderness to palpa-
tion, abdominal distention, and hypoactive 

bowel sounds due to ileus from inflamma-
tion (Vege, 2017).

5. Collaborative management: Treatment and 
follow-up will depend on the etiology of the pan-
creatitis (Working Group IAP/APA Acute Pan-
creatitis Guidelines, 2013). Holding or discon-
tinuing any agent that may be the cause of the 
condition is the primary treatment.
a) Pancreatitis associated with checkpoint  

inhibitors may require immunosuppression 
with corticosteroids (Davies, 2016).

b) Pancreatitis associated with L-asparaginase 
tends to respond after the drug is discontin-
ued and aggressive treatment is initiated and 
will most likely recur if the drug is used again 
(Kearney et al., 2009; Stock et al., 2011; Toki-
masa & Yamato, 2012; Treepongkaruna et 
al., 2009). Because reduced L-asparaginase 
exposure is related to a decreased cure rate 
in acute lymphoblastic leukemia, the drug 
should not be stopped unless pancreatitis 
is diagnosed. L-Asparaginase is contraindi-
cated in patients with a history of severe pan-
creatitis (Jazz Pharmaceuticals, 2016).

c) Insert a nasogastric tube if patients have nau-
sea and vomiting or ileus to rest the gut and 
pancreas during the acute phase (Working 
Group IAP/APA Acute Pancreatitis Guide-
lines, 2013).

d) Fluids: Use Ringer’s lactate for initial fluid 
resuscitation (Working Group IAP/APA 
Acute Pancreatitis Guidelines, 2013).

e) Implement nutritional support (Working 
Group IAP/APA Acute Pancreatitis Guide-
lines, 2013).

(1) Restart oral feeding if pancreatitis is 
mild, abdominal pain is decreasing, and 
inflammatory markers are improving.

(2) Provide enteral tube feeding if pancre-
atitis is predicted to be severe. Either 
the nasojejunal or nasogastric route 
can be used.

(3) Parenteral nutrition is a second-line 
therapy if tube feeding is not tolerated 
and nutritional support is required.

f) Monitor serum lipase, amylase, glucose, elec-
trolytes, and liver function tests.

g) Treat hyperglycemia as indicated.
h) Provide effective pain control and monitor 

for increasing pain, which may indicate pro-
gression of pancreatitis.

i) Prevent infectious complications.
(1) IV antibiotic therapy is not recom-

mended for the prevention of infec-
tious complications in acute pancre-
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atitis (Working Group IAP/APA Acute 
Pancreatitis Guidelines, 2013). IV anti-
biotics should be given in the case of 
suspected infection with necrotizing 
pancreatitis (Working Group IAP/APA 
Acute Pancreatitis Guidelines, 2013).

(2) Probiotic prophylaxis is not recom-
mended.

(3) Selective gut decontamination has 
shown some benefits, but further stud-
ies are needed (Working Group IAP/
APA Acute Pancreatitis Guidelines, 
2013).

j) Monitor patients’ vital signs, oxygen satura-
tion, level of consciousness, and condition 
carefully for signs of hypovolemic shock. 
Hypotension occurs because of sequestra-
tion of protein-rich fluids in the pancreas, 
retroperitoneal space, and abdominal cav-
ity in severe acute pancreatitis.

6. Patient and family education
a) Instruct patients to use analgesics for pain 

control.
b) Implement oral and nasal care while patients 

are NPO (nothing by mouth) with a naso-
gastric tube.

c) Ensure that patients know the importance 
of adherence to dietary, pharmacologic, and 
lifestyle recommendations.

d) Ensure that patients and significant others 
can recognize the early symptoms of pancre-
atitis, such as abdominal pain, especially asso-
ciated with vomiting, and instruct them to 
seek medical intervention when these occur.

F. Mucositis
1. Definitions: Mucositis is a potential compli-

cation of systemic cytotoxic therapy, epider-
mal growth factor receptor (EGFR) inhibitors, 
tyrosine kinase inhibitors, and radiation ther-
apy (Eilers, Harris, Henry, & Johnson, 2014). 
Severe mucositis can contribute to hospitaliza-
tion, need for narcotic analgesic or total paren-
teral nutrition, suboptimal delivery of antineo-
plastic treatment, and morbidity and mortality 
(Mercadante et al., 2015). Mucositis and stomati-
tis are often used interchangeably, but they do 
not reflect identical processes (Peterson, Srivas-
tava, & Lalla, 2015).
a) Mucositis: Refers to inflammatory or ulcer-

ative lesions of the oral or GI tract resulting 
from chemotherapy agents or ionizing radi-
ation (Peterson et al., 2015)

b) Stomatitis: Refers to an array of symptoms in 
the oral cavity, including mucosal inflam-

mation, ulcers, chelates or dry lips, and oral 
pain (Hartl et al., 2017)

c) Alimentary tract mucositis: Refers to muco-
sal injury across the continuum of the oral 
and GI mucosa from the mouth to the anus 
(Peterson et al., 2015)

2. Pathophysiology
a) Historically, oral mucositis was attributed to 

the direct effects of cytotoxic drugs or radi-
ation therapy on the epithelial stem cells. It 
is now known to be a result of a complex, 
sequential series of biologic events that cul-
minates in the destruction of epithelial stem 
cells and interruption of epithelial renewal, 
a critical process by which tissue health is 
maintained (Yuan & Sonis, 2014). It is a 
complex interaction between epithelial and 
connective tissue compartments (Stringer 
& Logan, 2015).

b) Based on observations of oral mucositis in 
animal models, researchers developed a 
five-phase model that describes the sequence 
of genetic and histopathologic events fol-
lowing cytotoxic treatment (Al-Dasooqi et 
al., 2013).

c) The five phases are initiation, upregulation/
activation, signaling and amplification, ulcer-
ation, and healing (Sonis, 2011).

(1) Initiation: Radiation and chemother-
apy adversely affect the cells and strands 
of DNA in the basal epithelium and sub-
mucosa. Free radicals (reactive oxygen 
species) also are generated and play an 
interfering role in the biologic events of 
the later stages (Moslemi et al., 2016).

(2) Upregulation and generation of mes-
senger signals: The negative effect on 
the cells and DNA and the reactive oxy-
gen species activate a cascade of reac-
tions that bring about the production 
of proinflammatory cytokines. These 
compounds stimulate several pathways 
leading to lesions or the death of basal 
cells by apoptosis (Moslemi et al., 2016). 
Nuclear factor-кB results in upregu-
lation of many genes and the release 
of proinflammatory cytokines, such 
as tumor necrosis-alpha, interleukin 
(IL)-1 beta (IL-1β), and IL-6.

(3) Signaling and amplification: In addi-
tion to causing direct tissue damage, 
proinflammatory cytokines activate the 
production of tissue-damaging tumor 
necrosis-alpha, IL-1β, and IL-6, as well 
as other cytokines that alter mucosal 
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tissues. The release of proinflamma-
tory cytokines not only damages the 
cells but also provides a positive feed-
back that amplifies the lesions caused 
directly by the radiation or chemother-
apy (Moslemi et al., 2016).

(4) Ulceration: Tissue injury in the GI 
mucosa appears as ulcers that pene-
trate through the epithelium to the sub-
mucosa. Bacteria penetrate the submu-
cosa and stimulate macrophage activ-
ity, which increases the release of pro-
inflammatory cytokines. Angiogenesis 
also is stimulated.

(5) Healing: Signals from extracellular tis-
sues stimulate epithelial proliferation 
until the mucosa returns to its normal 
thickness. Neutropenia may prolong 
the healing process.

3. Incidence of oral mucositis
a) Prevalence and incidence are inconsistent 

because of the lack of standardized scor-
ing criteria, tumor location, and different 
treatment regimens, as well as underreport-
ing (Villa & Sonis, 2015). Incidence varies 
depending on the type of cancer treatment, 
dose, and frequency (Fulton, 2018).

b) Incidence in HSCT recipients varies between 
47% and 100%. Intensity of the condition-
ing regimen, transplant type, and total body 
irradiation (TBI) can influence incidence 
as well as severity (Chaudhry et al., 2015).

c) Incidence in patients undergoing head and 
neck radiation therapy is 65%–90% (Sonis, 
2011).

(1) It occurs in almost all patients who are 
treated for cancers of the mouth, oro-
pharynx, and nasopharynx and about 
two-thirds of patients treated for can-
cers of the hypopharynx or larynx 
(Moslemi et al., 2016).

(2) The use of concomitant chemother-
apy and/or targeted therapy agents 
increases the risk (Villa & Sonis, 2015).

d) Both stomatitis and diarrhea have been 
reported with targeted therapies.

(1) The term stomatitis has been used for 
oral lesions secondary to targeted ther-
apy agents to distinguish from mucosi-
tis due to conventional chemotherapy 
and radiation therapy (Al-Dasooqi et 
al., 2013).

(2) Certain mammalian target of rapamy-
cin (mTOR) inhibitors have reported 
rates of 66% (Al-Dasooqi et al., 2013).

(3) Lesions secondary to targeted therapy 
agents are often accompanied by a skin 
rash (Al-Dasooqi et al., 2013).

4. Risk factors
a) Development of mucositis depends on both 

therapy- and patient-related factors (Villa & 
Sonis, 2016).

b) Treatment-related factors
(1) Chemotherapy agents (Chaveli-López 

& Bagán-Sebastián, 2016; Epstein et 
al., 2012)
(a) Antimetabolites

i. Increased risk with bolus 
5-fluorouracil

ii. Methotrexate for prophy-
laxis of graft-versus-host dis-
ease following HSCT (Bren-
nan, von Bültzingslöwen, 
Schubert, & Keefe, 2006; 
Cutler et al., 2005)

(b) Antitumor antibiotics
(c) Alkylating agents: High-dose mel-

phalan
(d) Plant alkaloids

(2) Targeted therapy
(a) mTOR inhibitors (Martins et al., 

2013)
(b) Tyrosine kinase inhibitors (Cali-

fano et al., 2015)
(3) Immunotherapy agents: PD-1/PD-L1 

inhibitor therapy may induce or acceler-
ate oral complications by aberrant cell 
activation, such as what has been seen 
in graft-versus-host disease or autoim-
mune conditions (Jackson, Johnson, 
Sosman, Murphy, & Epstein, 2015).

(4) Leukemia, lymphoma, and HSCT 
put patients at risk because treatment 
involves drugs with a great potential to 
produce oral mucositis and cause pro-
longed neutropenia.

(5) Radiation therapy
(a) Radiation therapy following surgi-

cal resection in patients with head 
and neck cancer

(b) Combined chemotherapy and 
radiation (Eilers & Million, 
2011)

(c) TBI or radiation therapy to the 
head or neck (Maria, Eliopoulos, 
& Muanza, 2017)

(d) Greater incidence when EGFR 
inhibitor treatment added to 
radiation therapy (De Sanctis et 
al., 2016)
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(6) Drugs or therapies that alter mucous 
membranes (Wujcik, 2014)
(a) Oxygen therapy: Dries out the 

mucosal lining
(b) Anticholinergics: Decrease sali-

vary flow
(c) Phenytoin: Causes gingival hyper-

plasia
(d) Steroids: Can result in fungal 

overgrowth
c) Patient-related risk factors

(1) Ill-fitting dentures, as they can irritate 
the mucosa and break integrity

(2) Poor oral hygiene, periodontal disease: 
Periodontitis-associated bacteria have 
been related to onset and worsening 
of ulcerative mucositis (De Sanctis et 
al., 2016).

(3) Persistent alcohol or tobacco use
(a) Alcohol and tobacco irritate the 

mucosa. Tobacco affects microcir-
culation, which may delay healing 
(Eilers & Million, 2011).

(b) Chronic alcohol use is associ-
ated with mucosal atrophy and 
hyper-regeneration of the basal 
layer cells, thereby increasing sus-
ceptibility of the mucosa, as well 
as predisposing patients to mal-
nutrition (De Sanctis et al., 2016).

(4) Xerostomia or hyposalivation
(5) Dehydration, as it alters mucosal integ-

rity
(6) Nutrition

(a) Poor nutrition can lead to delayed 
healing and increase risk of break-
down (Maria et al., 2017).

(b) Unintentional weight loss before 
therapy (i.e., more than 5% weight 
loss over one month or more than 
10% in the last six months) (De 
Sanctis et al., 2016).

(c) Low body mass index (less than 
18.5 kg/m2) (Maria et al., 2017)

(d) Irritating foods: Acidic, spicy 
foods may inflame and trauma-
tize mucosa (Wujcik, 2014).

(7) Immunosuppression due to comor-
bidities

(8) Neutropenia
(9) Hepatic or renal impairment: Inade-

quate metabolism or excretion of drugs
(10) Age (Fulton, 2018)

(a) Older pat ient s, because of 
age-related decline in kidney 

function and decreased creati-
nine clearance rates, which can 
affect excretion of chemother-
apy and lead to drugs remaining 
longer in the circulation, causing 
more damage

(b) Younger patients (20 years and 
younger), because of increased epi-
thelial mitotic rates and increased 
EGFR in epithelial tissue (Treister 
& Sankar, 2017)

(11) Genetic factors may play a major role. 
Animal studies have shown that a vari-
ety of gene expression–related changes 
occur after chemotherapy or radiation 
therapy (Villa & Sonis, 2016).

5. Clinical manifestations
a) Presentation of oral mucositis depends on the 

modality (chemotherapy, targeted therapy, 
immunotherapy, radiation therapy, or com-
bined therapy), the type of drugs adminis-
tered, the dosage or intensity, and the sched-
ule of administration (Villa & Sonis, 2016).

(1) First signs of mucositis usually begin 
about three to four days after the infu-
sion of chemotherapy, and patients 
complain of mucosal irritation. Ulcer 
formation develops, peaks days 7–14, 
and resolves in about a week after peak-
ing (Villa & Sonis, 2016).

(2) HSCT recipients experience mucositis 
three to five days following the condi-
tioning regimen.

(3) Patients receiving radiation to the head 
and neck complain of oral soreness and 
develop erythema at the end of the first 
week of treatment, when cumulative 
doses reach 10 Gy. By 12–14 days, when 
cumulative doses reach 30 Gy, multiple 
ulcerations develop, and as radiation 
accumulates, ulcerative lesions become 
more diffuse and painful. These lesions 
are then present throughout the dura-
tion of therapy (usually 60–70 Gy). 
Ulcerations remain at peak for at least 
two weeks following completion of ther-
apy. They usually begin to resolve over 
two to four weeks but can persist for up 
to eight weeks (Moslemi et al., 2016; 
Villa & Sonis, 2015).

b) Intensity increases with higher doses of cyto-
toxic drugs. Drugs that are not usually sto-
matotoxic at standard doses (e.g., cyclophos-
phamide) can cause cellular damage to the 
mucosa at high doses (Keefe et al., 2007).
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c) Signs and symptoms
(1) Oral mucosal changes (e.g., erythema, 

pallor, white patches, discolored lesion, 
ulcers), edematous oral mucosa and 
tongue

(2) Mucosal ulcerations: Irregularly 
shaped lesions that typically lack 
peripheral erythema (Pilotte, Hohos, 
Polson, Hutalen, & Treister, 2011)

(3) Mouth lesions with mTOR inhibitors: 
Clinically mimic aphthous stomati-
tis (commonly called canker sores) 
(Pilotte et al., 2011)

(4) Difficulty talking, changes in voice 
strength, pain when talking

(5) Pain on swallowing or inability to 
swallow

(6) Saliva: Changes in amount or consis-
tency, watery or thick and ropy

6. Assessment
a) Use a standardized assessment tool or scale 

when performing a physical examination. 
Scales designed for clinical use consider the 
symptoms, signs, and functional disturbances 
associated with oral mucositis and assign an 
overall score. The following are some com-
mon tools.

(1) Oral Assessment Guide: This tool con-
tains eight categories that reflect oral 
health and function (Eilers, Berger, & 
Peterson, 1988). It has been identified 
as the only validated tool consistently 
judged to be user-friendly and appro-
priate for both children and adults 
(Peters, 2016; see Table 15-10).

(2) The World Health Organization (1979) 
Oral Toxicity Scale combines mucosal 
changes, pain, and functionality into 

Table 15-10. Oral Assessment Guide

Category
Tools for 

Assessment
Methods of 

Measurement

Numeric and Descriptive Ratings

1 2 3

Voice Auditory Converse with patient. Normal Deeper or raspy Difficulty talking or painful

Swallow Observation Ask patient to swallow.
To test gag reflex, gen-

tly place blade on back 
of tongue and depress.

Observe result.

Normal swallow Some pain on swal-
lowing

Unable to swallow

Lips Visual/palpatory Observe and feel tissue. Smooth and pink 
and moist

Dry or cracked Ulcerated or bleeding

Tongue Visual and/or 
palpatory

Feel and observe 
appearance of tissue.

Pink and moist 
and papillae 
present

Coated or loss of 
papillae with a shiny 
appearance with or 
without redness

Blistered or cracked

Saliva Tongue blade Insert blade into mouth, 
touching the center 
of the tongue and the 
floor of the mouth.

Watery Thick or ropy Absent

Mucous 
membranes

Visual Observe appearance of 
tissue.

Pink and moist Reddened or coated 
(increased white-
ness) without ulcer-
ations

Ulcerations with or without 
bleeding

Gingiva Tongue blade 
and visual

Gently press tissue with 
tip of blade.

Pink, stippled, 
and firm

Edematous with or 
without redness

Spontaneous bleeding or 
bleeding with pressure

Teeth or 
dentures 
(or den-
ture-bearing 
area)

Visual Observe appearance of 
teeth or denture-bear-
ing area.

Clean and no 
debris

Plaque or debris 
in localized areas 
(between teeth if 
present)

Plaque or debris general-
ized along gum line or den-
ture-bearing area

Note. Table courtesy of June Eilers, PhD, APRN-CNS, BC, Nebraska Medical Center. Used with permission.
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a single composite score (Epstein et 
al., 2012).
(a) Grade 0: No changes
(b) Grade 1: Soreness, erythema
(c) Grade 2: Soreness, erythema, 

ulceration, and can eat solid food
(d) Grade 3: Soreness, erythema, 

ulceration, and can consume a 
liquid diet only

(e) Grade 4: Soreness, erythema, 
ulceration, and oral alimentation 
is not possible

(3) The World Health Organization 
tool grades the severity of mucositis, 
whereas the Oral Assessment Guide 
addresses overall changes in the oral 
cavity (Peters, 2016).

(4) NCI CTEP’s (2017) Common Termi-
nology Criteria for Adverse Events con-
sists of a 1–5 grading scale that is asso-
ciated with descriptions of oral muco-
sal changes.
(a) Grade 1: Asymptomatic or mild 

symptoms; intervention not indi-
cated

(b) Grade 2: Moderate pain or ulcer 
that does not interfere with oral 
intake; modified diet indicated

(c) Grade 3: Severe pain; interfering 
with oral intake

(d) Grade 4: Life-threatening con-
sequences; urgent intervention 
indicated

(e) Grade 5: Death
(5) Patient-reported outcome measures are 

questionnaires completed by patients to 
assess symptom burden and function-
ality (Epstein et al., 2012). These may 
be helpful and a feasible substitute for 
clinical situations where patients can-
not endure an oral examination (Guss-
gard, Hope, Jokstad, Tenenbaum, & 
Wood, 2014).
(a) Patient-Reported Oral Mucositis 

Symptom scale (Kushner et al., 
2008; see Figure 15-6)

(b) Oral Mucositis Weekly Question-
naire (Epstein et al., 2007)

(6) Whichever tool is used, it should be 
used as standard practice for all rel-
evant patients in the health service 
(Peters, 2016).

7. Collaborative management and prevention
a) Several agents and interventions have been 

studied for the prevention and treatment of 

mucositis (Van Sebille et al., 2015). The Mul-
tinational Association of Supportive Care 
in Cancer and International Society of Oral 
Oncology provides evidence-based guide-
lines that have been endorsed by the Amer-
ican Society of Clinical Oncology, the Euro-
pean Society for Medical Oncology, and the 
Oncology Nursing Society (Epstein et al., 
2012). The Oncology Nursing Society Put-
ting Evidence Into Practice resources pro-
vide evidence-based interventions for patient 
care (Eilers et al., 2017).

b) Good oral hygiene practices and oral care 
protocols are beneficial and may reduce the 
risk, duration, and severity of oral mucositis 
(McGuire et al., 2013).

(1) The single most important aspect of 
any oral care protocol is consistency 
of use; oral care has a positive effect 
on mucositis prevention and manage-
ment (Eilers et al., 2017).

(2) The protocol should include brush-
ing with a soft toothbrush and floss-
ing at least two times per day (Eilers 
et al., 2014).

(3) Microorganism colonization of oral 
ulcerations may prolong healing, so it 
is important to reduce the oral bacte-
rial load with daily tooth brushing and 
flossing (Villa & Sonis, 2015).

c) Orthodontic appliances or poorly fitting 
dentures may traumatize the oral mucosa 
and should be removed or adjusted (Villa & 
Sonis, 2016). Braces may need to be removed 
if patients are to undergo transplantation 
or if prolonged periods of neutropenia are 
anticipated.

d) Patient education may improve adherence 
with oral care, frequency, and ability to cope 
with mucositis.

e) Conduct a pretreatment dental evaluation 
with attention to potentially irritating teeth 
surfaces, underlying gingivitis, periodontal 
infection, and ill-fitting dentures. Crucial 
dental work should be done before chemo-
therapy begins.

f) Emphasize intake of high-protein foods and 
increased fluid intake (greater than 1,500 
ml/day).

g) Prevention of oral mucositis
(1) Oral cryotherapy is recommended for 

patients receiving bolus 5-fluorouracil 
or high-dose melphalan with or with-
out TBI, a conditioning regimen for 
HSCT (Lalla et al., 2014).
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(2) Recombinant human keratinocyte 
growth factor-1 (palifermin) at a dose 
of 60 mcg/kg/day for three days prior 
to conditioning treatment and for three 
days after treatment is recommended 
in patients receiving high-dose che-
motherapy and TBI followed by autol-
ogous HSCT for a hematologic malig-
nancy (Lalla et al., 2014).

(3) Low-level laser therapy is recom-
mended for patients receiving HSCT 
conditioned with high-dose chemo-

therapy with or without TBI and 
patients receiving radiation therapy 
without concomitant chemotherapy 
for head and neck cancer (Lalla et 
al., 2014).

(4) Benzydamine mouthwash is recom-
mended for patients with head and 
neck cancer receiving moderate-dose 
radiation therapy (up to 50 Gy) with-
out concomitant chemotherapy.

(5) Zinc supplements may be of benefit to 
prevent mucositis in patients with oral 

Figure 15-6. Patient-Reported Oral Mucositis Symptom (PROMS) Scale

This questionnaire asks you to evaluate some situations you may have experienced in the past week. All of the situations refer to the 
condition of your mouth. You can indicate the severity of the situation by placing a vertical mark along the lines below.
Mouth pain
No pain _______________________________________________________________________________________ worst possible 

pain
Difficulty speaking because of mouth sores
No trouble speaking ______________________________________________________________________________ impossible to 

speak
Restriction of speech because of mouth sores
No restriction of speech ___________________________________________________________________________ complete  

restriction of 
speech

Difficulty eating hard foods (hard bread, potato chips, etc.) because of mouth sores
No trouble eating hard foods _______________________________________________________________________ impossible to  

eat hard foods
Difficulty eating soft foods (Jello, pudding, etc.) because of mouth sores
No trouble eating soft foods________________________________________________________________________ impossible to  

eat soft foods
Restriction of eating because of mouth sores
No restriction of eating ____________________________________________________________________________ complete  

restriction of  
eating

Difficulty drinking because of mouth sores
No trouble drinking ______________________________________________________________________________ impossible to 

drink
Restriction of drinking because of mouth sores
No restriction of drinking __________________________________________________________________________ complete  

restriction of 
drinking

Difficulty swallowing because of mouth sores
Not difficult to swallow ____________________________________________________________________________ impossible to 

swallow
Change in taste
No change in taste _______________________________________________________________________________ complete  

change in  
taste

Note. Figure courtesy of Howard C. Tenenbaum, DDS, Dipl Perio, PhD, FRCD(C). Used with permission.
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cancer receiving radiation or chemo-
radiation (Jensen & Peterson, 2013).

(6) Lactobacillus lozenges may be effective 
in patients with head and neck cancer 
undergoing chemoradiation (Sharma 
et al., 2012).

h) Prevention of GI mucositis (Lalla et al., 2014)
(1) Amifostine greater than 340 mg/m2 IV 

is recommended to prevent proctitis in 
patients receiving radiation therapy.

(2) Octreotide greater than 100 mcg 
subcutaneously twice daily is recom-
mended to treat diarrhea induced by 
standard- or high-dose chemotherapy 
associated with HSCT, if loperamide 
is ineffective.

(3) The following recommendations have 
been suggested; however, evidence is 
weaker:
(a) Amifostine IV to prevent esopha-

gitis induced by chemoradiation 
in patients with non-small cell 
lung cancer

(b) Sucralfate enemas to treat chronic 
radiation-induced proctitis in 
patients with rectal bleeding who 
are not neutropenic or thrombo-
cytopenic

(c) Sulfasalazine 500 mg twice daily to 
prevent radiation-induced enter-
opathy in patients receiving radi-
ation therapy to the pelvis

(d) Probiotics containing Lactobacil-
lus species to prevent diarrhea in 
patients receiving chemotherapy 
or radiation therapy for a pelvic 
malignancy

(e) Hyperbaric oxygen to treat 
radiation-induced proctitis in 
patients receiving radiation ther-
apy for a solid tumor

i) Symptom control: Pain reduction
(1) Oral agents to promote cleansing, mois-

ture, and comfort (see Table 15-11)
(2) Pat ient-controlled analgesia for 

patients undergoing HSCT
(3) Use of 2% morphine mouthwash for 

patients receiving chemoradiation for 
head and neck cancer

(4) Use of 0.5% doxepin mouthwash 
for all patients with oral mucositis–
induced pain

(5) Transdermal fentanyl for patients 
receiving conventional or high-dose 
chemotherapy, with or without TBI

j) Colonization of damaged mucosa by bacteria, 
fungi, and viruses is thought to occur during 
the ulceration phase (Vanhoecke, De Ryck, 
Stringer, Van de Wiele, & Keefe, 2015). Cul-
ture mucosal lesions so that appropriate anti-
microbial agents can be prescribed. Candida 
lesions look like whitish or cream-colored 
plaques on the mucosa and often are treated 
while cultures are pending.

8. Patient and family education: Teach oral cavity 
self-management techniques.
a) Perform a daily oral self-examination, and 

report signs and symptoms of mucositis.
b) Comply with an oral hygiene program. Oral 

hygiene should be performed after every 
meal and at bedtime. If mild to moderate 
dysfunction is present, the frequency of oral 
hygiene should be increased to every two to 
four hours. If the condition progresses to a 
more severe dysfunction, hourly care may 
be indicated. The program should include 
the following:

(1) Floss the teeth with dental tape at least 
once daily or as advised by the clinician 
(Harris, Eilers, Harriman, Cashavelly, 
& Maxwell, 2008). However, patients 
who do not regularly floss should not 
do so while immunosuppressed (Eilers 
& Million, 2011).

(2) Brush all tooth surfaces with a soft 
toothbrush for at least 90 seconds at 
least twice daily. Allow toothbrush to air 
dry before storing, and replace tooth-
brush frequently (Harris et al., 2008). 
Sponge swabs are not as effective as 
toothbrushes and should be avoided 
when cleaning the teeth except in 
patients who cannot tolerate a tooth-
brush because of severe pain with 
mucositis. However, sponge swabs may 
be beneficial for cleaning the mucous 
membranes of the oral cavity (Eilers & 
Million, 2011).

(3) Cleanse the oral cavity after meals, 
at bedtime, and at other times by vig-
orously swishing the mouth with a 
non-alcohol-based bland rinse (see 
Table 15-11). Oral rinsing should be 
done to remove excess debris, hydrate 
the oral mucosa, and aid in the removal 
of organisms (Eilers & Million, 2011; 
Harris et al., 2008).

(4) Apply water-based moisturizers to 
lips.

(5) Maintain hydration.
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Table 15-11. Mucositis Management: MASCC/ISOO and ONS PEP Recommendations

Agent Efficacy Comments

Amifostine Strong evidence supports use of amifostine for pre-
vention of radiation-induced proctitis.

Weaker evidence supports use to prevent esophagitis 
induced by chemoradiation in patients with non-small 
cell lung cancer.

Dose of 340 mg/m2 IV

Benzydamine mouth-
wash

Strong evidence supports effectiveness in patients 
with HNC receiving moderate-dose radiation therapy 
(up to 50 Gy).

Nonsteroidal anti-inflammatory analgesic
Inhibits production of proinflammatory cytokines

Chlorhexidine Chlorhexidine is not recommended for prevention, but 
may have other indications, such as treatment of gin-
givitis.

Contains alcohol
Reports of rinse-induced discomfort and taste 

alteration
Can turn teeth brown

Cryotherapy (ice 
chips)

Cryotherapy demonstrates consistent reduction in inci-
dence and severity of oral mucositis among patients 
receiving bolus 5-FU.

Weaker evidence supports use for patients receiving 
high-dose melphalan with or without TBI followed by 
autologous HSCT.

Ice chips applied to mouth 5 minutes before bolus 
5-FU therapy and continued for 30 minutes after

Not recommended in patients receiving 
capecitabine or oxaliplatin because of potential 
discomfort with exposure to coldness

Dexamethasone 
mouthwash (0.1 mg/
ml)

Dexamethasone mouthwash is recommended for 
patients receiving mTOR inhibitors.

Relieves aphthous-like ulcers, which differ from 
chemotherapy-induced ulcers, which are irreg-
ularly shaped and typically lack peripheral ery-
thema

0.5% doxepin mouth-
wash

Evidence is weaker but supports benefit to treat pain. Tricyclic antidepressant

Keratinocyte growth 
factor-1: Palifermin

Palifermin is approved for prevention of oral mucositis 
in patients undergoing autologous HSCT receiving 
high-dose chemotherapy or TBI.

60 mcg/kg/day IV for 3 days prior to the prepara-
tory regimen and for 3 days post-transplant

Can cause tongue discoloration and unpleasant 
aftertaste

Low-level laser therapy Low-level laser therapy to reduce incidence of oral 
mucositis is recommended in patients receiving high-
dose chemotherapy with or without TBI before HSCT 
and suggested in patients with HNC receiving radia-
tion therapy without concomitant chemotherapy.

Requires expensive equipment and specialized 
operator training; limited to centers capable of 
supporting this technology

Mixed rinses, which 
may include lidocaine, 
diphenhydramine, milk 
of magnesia, Mylanta®

Data demonstrating efficacy are lacking for prevention 
and treatment of mucositis.

Agents potentially useful for pain or discomfort only
Alcohol-based elixirs to be avoided
May adhere to mucous membranes and build up 

residue, making oral care difficult or uncomfort-
able

Potential of some preparations to contribute to 
tooth decay due to sugar content

2% morphine mouth-
wash

Evidence is weaker but supports effectiveness. For patients receiving chemoradiation for HNC
Limited utility with topical morphine
Potential for burning with oral alcohol-based for-

mulations

Mucosal coating 
agents

Evidence from randomized trials is lacking to support 
benefit.

Variety of agents: Gelclair®, Orabase®, sucralfate 
suspension

Non-alcohol-based 
bland rinses

Evidence may be insufficient or lacking; however, 
bland rinses are harmless and can be helpful for oral 
hygiene maintenance and patient comfort.

0.9% saline, sodium bicarbonate, or 0.9% saline 
plus sodium bicarbonate

Sodium bicarbonate recommended by ONS PEP

 (Continued on next page)
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(6) Consider the use of oral moisturizers 
to promote comfort if xerostomia exists 
(Eilers & Million, 2011).

(7) Avoid irritating agents, including com-
mercial mouthwashes containing phe-
nol, astringents, or alcohol; highly abra-
sive toothpastes; acidic, hot, or spicy 
foods and beverages; rough foods; alco-
hol; tobacco; poorly fitting dentures; 
braces; and lemon-glycerin swabs and 
solutions (Harris et al., 2008).

(8) Recommendations for patients with 
dentures (NCI, 2016)
(a) Remove dentures and other oral 

devices when cleaning the mouth. 
If mouth sores are present, or if 
the mouth is inflamed or painful, 
avoid using removable oral devices 
to prevent further irritation.

(b) Brush and rinse dentures daily.
(c) Clean dentures twice a day with 

a denture cleaner, and rinse well.
(d) Report pain associated with muco-

sitis.

G. Perirectal cellulitis
1. Definition: Inflammation and edema of the per-

ineal and rectal area
2. Pathophysiology

a) Tears of the anorectal mucosa allow infec-
tion. The most common anaerobic organisms 
include Bacteroides fragilis, Peptostreptococcus, 
Prevotella, Fusobacterium, Porphyromonas, and 
Clostridium. The most common aerobic bac-
teria include Staphylococcus aureus, Streptococ-
cus, and Escherichia coli. Community-acquired 
methicillin-resistant Staphylococcus aureus 
(known as MRSA) has been implicated in 
rectal abscess infections (Hebra, 2017).

b) A perianal abscess is a simple anorectal 
abscess.

c) Perirectal abscesses are more complex and 
can involve different planes in the anorec-
tum (Bleday, 2018).

d) Infection starting as a local abscess can lead 
to systemic sepsis.

3. Incidence: Overall incidence has decreased in 
the past decade, presumably because of the early 
use of empiric antibiotics in febrile neutropenic 

Table 15-11. Mucositis Management: MASCC/ISOO and ONS PEP Recommendations (Continued)

Agent Efficacy Comments

Octreotide Strong evidence supports effectiveness. Dose of ≥ 100 mcg subcutaneously twice daily to 
treat diarrhea induced by standard- or high-dose 
chemotherapy associated with HSCT, if loper-
amide is ineffective

Oral zinc supplements Evidence is weaker but supports effectiveness in 
patients receiving radiation therapy or chemoradia-
tion for HNC.

Essential trace element needed for tissue repair; 
has antioxidant effect

Patient-controlled 
analgesia

Strong evidence supports effectiveness to treat pain. Recommended for patients undergoing HSCT

Probiotics: Lactobacil-
lus species

Evidence is weaker but supports effectiveness. To prevent diarrhea in patients receiving chemo-
therapy or radiation therapy for a solid tumor

Sucralfate enemas Weaker evidence supports effectiveness. For chronic radiation-induced proctitis in patients 
with rectal bleeding

Topical capsaicin Pilot data demonstrated marked reduction in oral pain. Clinical potential possibly linked to epithelialization 
and elevation of pain threshold

Further study warranted

Topical lidocaine Limited data exist; use may provide significant relief of 
limited duration.

Requires frequent application; may lead to 
decreased sensitivity and additional trauma and 
impair taste perception

Prophylaxis not recommended

5-FU—5-fluorouracil; HNC—head and neck cancer; HSCT—hematopoietic stem cell transplantation; MASCC/ISOO—Multinational Association of Support-
ive Care in Cancer and International Society of Oral Oncology; mTOR—mammalian target of rapamycin; ONS PEP—Oncology Nursing Society Putting Evi-
dence Into Practice; TBI—total body irradiation
Note. Based on information from Eilers et al., 2014; Gibson et al., 2013; Harris et al., 2008; Lalla et al., 2014; Maria et al., 2017; McGuire et al., 2013; Pe-
terson et al., 2015; Pilotte et al., 2011; Van Sebille et al., 2015; Wardill et al., 2014.
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patients. Perirectal abscesses are more common 
in patients with anorectal cancer or hematologic 
malignancies and may be present at initial diag-
nosis (Hebra, 2017).

4. Risk factors
a) Chronic neutropenia or thrombocytopenia
b) Constipation: The passage of hard stool 

causes trauma to the rectal mucosa.
c) Diarrhea: Caustic fluid irritates and breaks 

down perirectal tissue.
d) Perirectal mucositis caused by chemotherapy 

or radiation therapy
e) Any rectal trauma, such as rectal stimulation 

or the use of rectal thermometers, enemas, 
or suppositories

f) Hemorrhoids or anal fissures/abscesses
5. Assessment

a) Ask patients if they are experiencing peri-
neal or rectal discomfort.

(1) Patients with an anorectal abscess often 
present with severe pain in anal or rec-
tal area. Pain is constant and not nec-
essarily associated with a bowel move-
ment (Bleday, 2018). Pain may be 
described as dull, aching, or throb-
bing, which may worsen when sitting 
or before defecation.

(2) Fear of defecation related to pain may 
not be reported and may increase the 
risk of constipation.

b) Monitor for the presence of fever.
c) Perform a physical examination of the peri-

neal area. The entrance site for the infective 
agent may be a small tear that shows mini-
mal irritation.

(1) An area of fluctuance or patch of ery-
thematous indurated skin overlying 
perianal skin may be seen with a super-
ficial perianal abscess (Bleday, 2018).

(2) Localized tenderness, gross swelling, 
fluctuance, erythema, and drainage 
may be observed if an abscess is pres-
ent. An abscess of the perirectal area 
may produce bloody, purulent, or 
mucoid drainage.

(3) Deeper abscesses may not have findings 
on physical examination and may only 
be discovered via digital rectal exam-
ination or by imaging (Bleday, 2018).

(4) Obtain a culture, if possible, for iden-
tification of infectious organisms 
(Hebra, 2017).

d) Consider abdominal or pelvic CT if an abscess 
is suspected. Magnetic resonance imaging 
and transperitoneal or endorectal ultrasound 

can confirm diagnosis when a deep abscess 
is suspected (Bleday, 2018).

6. Collaborative management
a) Ensure that antibiotic coverage includes 

a specific anaerobic agent in addition to 
broad-spectrum aerobic coverage. Consider 
Enterococcus or Candida coverage if appropri-
ate (NCCN, 2017b).

b) The primary treatment for anorectal abscess 
is surgical drainage. Any undrained abscess 
can expand and progress to systemic infec-
tion (Bleday, 2018).

c) Administer antipyretic medications to relieve 
fever.

d) Teach and encourage patients to take sitz 
baths or use gentle external perineal irri-
gation.

e) Administer stool softeners, and encourage 
patients to eat a low-bulk diet. Consult a dieti-
tian as needed.

f) Inspect the perirectal mucosa frequently for 
any signs of irritation or skin breakdown.

7. Patient and family education
a) Instructions for patients and significant others

(1) Maintain meticulous perineal hygiene, 
especially in the presence of neutro-
penia.

(2) Apply appropriate barrier creams.
(3) Monitor carefully for any signs of infec-

tion or worsening of tissue integrity.
b) Ensure that patients and significant others 

can perform the following:
(1) Identify the risk factors for perirec-

tal cellulitis.
(2) Implement measures that minimize the 

risk of developing perirectal cellulitis.
(3) Identify situations that require prompt 

professional intervention.
(a) Pain, redness, or swelling in the 

affected area
(b) Body temperature greater than 

100.4°F (38°C)

H. Constipation
1. Definition: The decreased passage of stool char-

acterized by infrequent bowel movements, hard 
stool, sensation of abdominal bloating or cramp-
ing, straining with bowel movements, and feel-
ing of incomplete evacuation (Thorpe, Byar, 
Conley, Held-Warmkessel, & Ramsdell, 2017). 
Constipation commonly is associated with 
decreased frequency in defecation of less than 
three bowel movements in a week and often is 
accompanied by discomfort (Rangwala, Zafar, 
& Abernathy, 2012). Constipation may be a pre-
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senting symptom of the cancer diagnosis, a side 
effect of therapy, the result of tumor progres-
sion, or unrelated to the cancer or therapy. The 
cause is usually multifactorial; the most common 
are decrease in bowel motility due to decrease 
in fiber intake, dehydration, immobility, and 
use of pain medications (Connolly & Larkin, 
2012; Dzierżanowski & Ciałkowska-Rysz, 2015; 
Nelson, 2016).

2. Pathophysiology: Decrease in intestinal motil-
ity by one of the following mechanisms (Nel-
son, 2016):
a) Primary: Intrinsic factors that slow peristal-

sis, such as decreased physical activity, lack 
of time or privacy for defecation, decreased 
fiber in the diet

b) Secondary: Pathologic processes such as auto-
nomic nervous system dysfunction, obstruc-
tion, spinal cord compression from tumor, 
hypercalcemia, hypokalemia, and hypothy-
roidism

c) Iatrogenic: Use of pharmacologic agents 
such as opioids, chemotherapy, anticon-
vulsants, and psychotropic medications 
(Ahmedzai & Boland, 2010; Connolly & 
Larkin, 2012; Rangwala et al., 2012; Wool-
ery et al., 2008)

3. Incidence: Clinically, constipation is a com-
mon problem for patients with cancer but is 
not well defined. In the palliative care popula-
tion, constipation is reported to occur in 40%–
60% of patients (Candy et al., 2015). In hos-
pitalized patients with cancer, incidence can 
be as high as 70%–100% (Thorpe, Byar, Con-
ley, Held-Warmkessel, et al., 2017). In 85%–
95% of cases, constipation is shown to decrease 
quality of life, even though two-thirds may be 
mild to moderate in degree (Dzierżanowski & 
Ciałkowska-Rysz, 2015).

4. Clinical manifestations
a) Abdominal or rectal discomfort or pain
b) Nausea and/or vomiting
c) Anorexia
d) Impaction/obstruction
e) Ileus
f) Anal fissures
g) Hemorrhoids
h) Ruptured bowel and life-threatening sepsis

5. Risk factors
a) Disease related: Mesenteric and omental 

masses or malignant adhesions, internal or 
external obstruction of bowel by tumor

b) Mechanical pressure on the bowel (e.g., bowel 
obstruction secondary to tumor in the GI 
tract, pressure from ascites)

c) Damage to the spinal cord from T8 to L3, 
which causes compression of nerves that 
innervate the bowel

d) Pressure from ascites
e) Neurologic disorders: Stroke, Parkinson dis-

ease, multiple sclerosis
f) Systemic disorders: Lupus, amyloidosis, 

scleroderma
g) Decreased mobility
h) Anorexia causing poor nutritional intake
i) Metabolic and endocrine disorders

(1) Hypothyroidism
(2) Hyperthyroidism
(3) Diabetes mellitus

j) Electrolyte disturbances
(1) Hypokalemia
(2) Hypercalcemia

k) Treatment related
(1) Neurotoxic effect of cancer chemo-

therapy, targeted therapy, or immu-
notherapy agents

(2) Surgical: Manipulation of intestines, 
surgical trauma to neurogenic path-
ways of intestines or rectum

(3) Nutritional deficiencies: Decreased 
intake of fiber, roughage, and fluids

(4) Side effect of pharmacologic agents 
(see Table 15-12)
(a) Antineoplastics
(b) Anticholinergics
(c) Diuretics
(d) Opioids
(e) Aluminum- and calcium-based 

antacids
(f) Calcium and iron supplements
(g) Tricyclic antidepressants
(h) Antihypertensives
(i) Antispasmodics
(j) 5-HT3 antagonists
(k) Nonsteroidal anti-inflammatory 

drugs
(l) Barbiturates

(5) Personal factors (Dzierżanowski & 
Ciałkowska-Rysz, 2015)
(a) Interference with usual bowel 

movement routine
(b) Lack of privacy
(c) Lack of response to the defeca-

tion reflex: Pain, fatigue, social 
circumstances

(d) Depression, anxiety
(e) Decreased physical activity/exercise
(f) Overuse of laxatives

6. Assessment
a) Assess presence of risk factors.
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Table 15-12. Common Antineoplastic Regimens and Other Treatments With High Risk for Constipation

Causative Agent Agents Mechanism of Action

Highly emetogenic 
chemotherapy 

AC (doxorubicin and cyclophosphamide) 
combination

Carmustine
Cisplatin
Cyclophosphamide
Cytarabine
Dacarbazine
Doxorubicin
Epirubicin
Ifosfamide
Mechlorethamine
Melphalan
Streptozocin

Nausea and vomiting
Decreased oral intake
Slowed peristaltic movement in gastrointestinal tract
Decreased intake that leads to fewer stools, increased transit time, 

hard stools, and difficulty eliminating
(Camp-Sorrell, 2017; Chu & DeVita, 2017; Truven Health Analyt-

ics, 2017)

Chemotherapy Taxanes (docetaxel, paclitaxel)
Vinca alkaloids (vinblastine, vincristine, 

vinorelbine)
(Camp-Sorrell, 2017)

Decreased motility and peristalsis due to autonomic nervous sys-
tem dysfunction; may result in colon impaction, colicky abdominal 
pain, and paralytic ileus

Rectal emptying decreased when nonfunctional afferent and effer-
ent pathways from the sacral cord are interrupted

(Camp-Sorrell, 2017; Chu & DeVita, 2017; Truven Health Analyt-
ics, 2017)

Opioids Opioid analgesics: Fentanyl, hydroco-
done, hydromorphone, morphine, oxy-
codone

(Brant et al., 2016)

Affect the colon’s ability to maintain motility and peristalsis
Primary agents causing medication-induced constipation
(Siemens et al., 2015; Truven Health Analytics, 2017)

Immunotherapy Ado-trastuzumab emtansine
Blinatumomab
Lenalidomide
Thalidomide

Decreased bowel peristalsis
Conjugated monoclonal antibodies and bispecific immunotherapies 

have 36% incidence of constipation
(Camp-Sorrell, 2017; Truven Health Analytics, 2017; Villadolid & 

Amin, 2015)

Targeted therapy Antiangiogenesis agents: Axitinib, crizo-
tinib, ibrutinib, nilotinib, vorinostat

Decreased bowel peristalsis

Surgery Colon, ovarian, and abdominal surgeries Impaired defecation resulting from muscle weakness, surgical pain, 
and bowel impairment from manipulation of the bowel during surgery

(Camp-Sorrell, 2017; Nelson, 2016; Truven Health Analytics, 2017)

Radiation Radiation to the bowel or abdominal field Small bowel obstruction and stricture
(Russell, 2017; Truven Health Analytics, 2017)

b) Assess patterns of elimination, including the 
amount and frequency of elimination and the 
urge to defecate, the character and volume 
of stool, and the use of laxatives, stool soft-
eners, or other measures to enhance bowel 
function. Note that small amounts of loose 
stool may indicate constipation, as the liq-
uid stool passes around a stool mass. Small, 
pellet-like stool indicates slow colonic tran-
sit time, and long, thin pieces of stool may 
indicate stenosis or hemorrhoids (McQuade 
et al., 2016; Nelson, 2016).

c) Assess usual dietary patterns, focusing on 
fluid and fiber intake.

d) Assess mobility, activity level, and functional 
status.

e) Assess for abdominal pain, distension, and 
presence or absence of bowel sounds.

f) Assess for the presence of straining, rectal 
pressure, excessive flatulence, or cramping.

g) Determine facts about the patient’s last bowel 
movement (e.g., when it occurred, amount, 
consistency, color, presence of blood). Struc-
tured self-rating tools can be useful for 
more accurate assessment of constipation. 
Available tools are the Bristol Stool Form 
Scale, the Constipation Assessment Scale, 
and the Common Terminology Criteria for 



Chapter 15. Gastrointestinal and Mucosal Toxicities 341

Adverse Events (Camp-Sorrell, 2017; NCI 
CTEP, 2017).

h) Determine current medication usage.
i) Use laboratory results to assist in metabolic 

evaluation.
j) Perform abdominal palpation and rectal 

examination if appropriate. A rectal exam-
ination is not routinely performed in pedi-
atric patients. Rectal or stoma manipula-
tion for examinations, enemas, or supposi-
tories should be avoided in myelosuppressed 
patients because of the risk for bleeding, fis-
sures, or abscesses (NCI, 2018b; NCCN, 2018a; 
Woolery et al., 2008).

k) Use radiographic imaging to differenti-
ate between mechanical obstruction and 
decreased motility from an ileus.

7. Collaborative management: The cause of the con-
stipation should be considered prior to begin-
ning treatment. The preponderance of the liter-
ature on constipation management in patients 
with cancer is directed at palliative care and 
opioid-related constipation. Optimal pharma-
cologic management of constipation requires 
further investigation (Brick, 2013; Candy et al., 
2015; Ishihara et al., 2012; Tarumi, Wilson, Szaf-
ran, & Spooner, 2013; Thorpe, Byar, Conley, 
Held-Warmkessel, et al., 2017). NCCN (2017a) 
palliative care guidelines offer guidance for the 
treatment of constipation. The Oncology Nurs-
ing Society Putting Evidence Into Practice (PEP) 
resource on constipation provides the most 
recent evidence for management. Nurses must 
have knowledge of the GI side effects of patients’ 
medications. Prevention of constipation is a pri-
ority in patients with cancer. All patients on opi-
oids require a prophylactic bowel regimen prior 
to initiation of opioid therapy (Camilleri, 2011).
a) Pharmacologic interventions (see Table 

15-13)
(1) Opioid receptor agonists are used to 

treat constipation caused by opioid pain 
medication. Methylnaltrexone injection 
works by protecting the bowel from the 
effects of the opioid at the receptor sites 
in the bowel. Methylnaltrexone is rec-
ommended for practice (Thorpe, Byar, 
Conley, Held-Warmkessel, et al., 2017).

(2) Opioid agonist and opioid receptor 
antagonist combination drugs cause a 
local inhibitory effect on opioid action 
in the GI tract. The combination of oxy-
codone and naloxone has been shown 
to reduce constipation in patients on 
opioids. This combination is recom-

mended for practice (Thorpe, Byar, 
Conley, Held-Warmkessel, et al., 2017).

(3) Mu-opioid receptor antagonists coun-
teract the effects of opioids on GI 
motility and secretion. Alvimopan, a 
gut motility stimulator, is categorized 
as likely to be effective (Thorpe, Byar, 
Conley, Held-Warmkessel, et al., 2017).

(4) Osmotic laxatives increase the bulk of 
stools by attracting and retaining water 
in the bowel, resulting in softer stool.
(a) Lactulose
(b) Sorbitol

(5) Stimulant laxatives chemically stimu-
late the smooth muscles of the bowel 
to increase contractions (Shoemaker, 
Estfan, Induru, & Walsh, 2011).
(a) Bisacodyl (Dulcolax®)
(b) Senna (Senokot®)

(6) Emollient and lubricant laxatives soften 
hardened feces and facilitate the pas-
sage through the lower intestine.
(a) Docusate
(b) Mineral oil
(c) Glycerin suppository
(d) Enema

b) Nonpharmacologic management to prevent 
constipation

(1) Include increased physical activity or 
passive exercise as appropriate in a 
bowel retraining regimen. This pro-
motes the urge to defecate by helping 
to move feces into the rectum.

(2) Help patients to maintain usual bowel 
habits during hospitalization. Baseline 
bowel habits are important to deter-
mine adequate bowel function. The 
change from baseline is more impor-
tant than the number of bowel move-
ments (Rangwala et al., 2012).

(3) Provide privacy and comfort. Inade-
quate conditions of privacy and depen-
dence on a caregiver are directly 
correlated to risk for constipation 
(Dzierżanowski & Ciałkowska-Rysz, 
2015; Shoemaker et al., 2011). Avoid use 
of a bedpan when constipation exists.

(4) Increase fluid intake to 3,000 ml/day 
unless contraindicated.

(5) Modify diet, as tolerated, to include 
high-fiber foods, as fiber adds bulk to 
the stool and assists food in passing 
more quickly through the stomach 
and intestines. Insoluble fiber includes 
wheat bran, fruit and root vegetable 
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Classification Mechanism of Action Drug
Route, Dose, and 

Schedule Side Effects Nursing Considerations

Treatment of Opioid-Induced Constipation

Opioid receptor 
agonist

Peripherally acting mu-opioid antago-
nist that reverses or prevents opioid-
induced constipation without diminish-
ing pain, palliating symptoms, or pre-
cipitating opioid withdrawal 
(Thorpe, Byar, Conley, Held-
Warmkessel, et al., 2017)

Methylnaltrexone Subcutaneous; 0.15 
mg/kg every other 
day, no more than 
once a day

Flatulence, abdominal 
pain, dizziness, diarrhea, 
nausea, hyperhidrosis

Methylnaltrexone is recommended 
for patients on opioids and con-
traindicated in those with known 
or suspected mechanical gastro-
intestinal obstruction.

Median time to laxation is approxi-
mately 6 hours.

(Brick, 2013; Bull et al., 2015; 
Dunphy & Walker, 2017; Truven 
Health Analytics, 2017)

Opioid agonist and 
opioid receptor 
antagonist

Combination opioid that exerts a local 
inhibitory effect on the opioid action in 
the gastrointestinal tract 
(Thorpe, Byar, Conley, Held-
Warmkessel, et al., 2017)

Oxycodone/naloxone Oral prolonged-release 
tablets; initial dose 
oxycodone 10 mg/nal-
oxone 5 mg

Nausea, vomiting, respira-
tory depression

The combination of oxycodone/nal-
oxone improves bowel function 
by reducing constipation without 
compromising pain relief.

(Ahmedzai et al., 2012; Koop-
mans-Klein et al., 2016; Truven 
Health Analytics, 2017)

Mu-opioid receptor 
antagonist

Counteracts the effects of opioids on 
gastrointestinal motility and secre-
tion by acting on the peripheral opioid 
receptors in the gastrointestinal tract, 
increasing the frequency of spontane-
ous bowel movement 
(Thorpe, Byar, Conley, Held-
Warmkessel, et al., 2017)

Alvimopan Oral capsule; 12 mg 
twice daily; maximum 
12 doses

Abdominal pain, indiges-
tion, nausea, diarrhea

Alvimopan is approved for short-
term hospital use only and is 
available only through a Risk 
Evaluation and Mitigation Strat-
egy program.

Drug is used in patients on opioids. 
It does not cross the blood–brain 
barrier and therefore blocks con-
stipation without compromising 
pain relief.

(Siemens et al., 2015; Truven 
Health Analytics, 2017; Webster 
et al., 2008)

Osmotic laxative Hyperosmolar water-soluble radiology 
contrast medium that functions as an 
osmotic laxative retaining water in the 
bowel, resulting in softer stool 
(Thorpe, Byar, Conley, Held-
Warmkessel, et al., 2017)

Amidotrizoate Oral; in palliative care: 
50 ml daily; may 
repeat once the fol-
lowing day 

(Mercadante et al., 
2011)

Diarrhea Studies in palliative care demon-
strated that osmotic laxatives are 
an effective and well-tolerated 
alternative therapy for patients 
with advanced cancer and consti-
pation after surgery. 

(Mercadante et al., 2011; Truven 
Health Analytics, 2017)

(Continued on next page)
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Table 15-13. Pharmacologic Management of Constipation in Adult Patients (Continued)

Classification Mechanism of Action Drug
Route, Dose, and 

Schedule Side Effects Nursing Considerations

Bowel Regimen Agents

Hyperosmotic lax-
ative

Increases water content and bulk of 
stool by attracting and retaining water 
in the bowel 
(Nelson, 2016)

Polyethylene gly-
col (Golytely® or 
Colyte®)

Oral; 17 g (1 tbsp) dis-
solved in 8 oz of 
water, juice, soda, 
or other beverage, 2 
times per day 

(NCCN, 2018a)

Diarrhea, flatulence, nau-
sea, stomach cramps, 
bloating

NCCN (2018a) recommends poly-
ethylene glycol for persistent con-
stipation.

Do not administer electrolytes with 
polyethylene glycol when kidney 
function is compromised. 

(Truven Health Analytics, 2017; 
Wirz et al., 2012)

Rectal preparations Have a direct action on the intestine, 
allowing water and fats to penetrate 
dry stool; suppositories stimulate the 
intestinal nerve plexus and cause rec-
tal emptying 
(Polovich et al., 2014)

Arachis oil enema
Glycerol suppository
Phosphate enema
Sodium citrate enema

Once daily for supposi-
tories and enemas 

(NCCN, 2018a)

Electrolyte imbalance Avoid rectal manipulation in neu-
tropenic patients.

Effectiveness is unknown in consti-
pation in patients with cancer.

Large bowel stim-
ulants

Act directly on the colon to stimulate 
motility and are activated by bacterial 
degradation in the intestine

Senna Oral; not to exceed 34 
mg/day

Electrolyte or fluid imbal-
ance with excess catharsis 
or excess use

Initiate senna 2 days prior to opi-
oid therapy. 

It is recommended prophylactically 
for patients on vinca alkaloids.

No evidence shows that adding 
docusate with senna has any 
added benefit. 

Senna can cause gastric irritation.
It is contraindicated in patients with 

suspected intestinal obstruction 
or severe dehydration.

(Feudtner et al., 2014; Tarumi et 
al., 2013; Truven Health Analyt-
ics, 2017)

Stimulant laxative Act directly on the colon to stimulate 
motility and are activated by bacterial 
degradation in the intestine 

Bisacodyl (Dulcolax®) Oral; 5–15 mg daily, up 
to 30 mg daily

Abdominal cramps or dis-
comfort, diarrhea, proctitis

Stimulant laxatives chemically 
stimulate bowel smooth muscles 
to increase contractions. 

(Shoemaker et al., 2011; Truven 
Health Analytics, 2017)

(Continued on next page)
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Classification Mechanism of Action Drug
Route, Dose, and 

Schedule Side Effects Nursing Considerations

Bowel Regimen Agents (Cont.)

Bulk-forming lax-
atives

Nondigestible substances that pass 
through the stomach, causing water 
to be retained, thus increasing the 
bulk of the stool 
(Nelson, 2016; Polovich et al., 2014)

Psyllium
Calcium polycarbophil
Methylcellulose

Psyllium: Oral; 1–2 tsp 
1–3 times a day

Calcium polycarbophil: 
Oral; up to 1 tbsp (2 
g fiber) or 4 caplets 
(500 mg fiber/caplet) 
3 times a day

Methylcellulose: Oral; 
1 tbsp in 8 oz of 
water daily or every 8 
hours, or 2 caplets up 
to 6 times daily 

(NCCN, 2018a)

Flatulence, abdominal dis-
tention, bloating, mechani-
cal obstruction, anaphylac-
tic reaction

Bulk-forming laxatives must be 
taken with 200–300 ml of water 
to avoid intestinal obstruction and 
are not an option for patients with 
poor tolerance of fluids. 

(Dzierżanowski & Ciałkowska-
Rysz, 2015; Truven Health Ana-
lytics, 2017)

Prokinetic agents Promotes motility in the upper gastro-
intestinal tract and increases gastric 
emptying and intestinal transit time 
(Polovich et al., 2014)

Metoclopramide Oral; 10–20 mg every 
6 hours

– Prokinetic agents should be 
reserved for use in individuals with 
severe constipation and those 
resistant to bowel programs.

Osmotic laxatives Increase gastric secretion and motor 
activity and exert an osmotic effect in 
the small and large intestines, improv-
ing stool consistency 
(Camp-Sorrell, 2017)

Lactulose
Sorbitol
Magnesium hydroxide 

(milk of magnesia)
Magnesium citrate
Sodium phosphate

Lactulose: Oral; 15–30 
ml (10–20 g) daily, up 
to 60 ml/day

Sorbitol: Oral; 30–150 
ml every day

Magnesium hydroxide: 
Oral; 30–60 ml

Magnesium citrate: 
Oral; 240 ml

Sodium phosphate:
 • Oral: 15–45 ml/day
 • Enema: 1/day

Bloating, diarrhea, flatu-
lence, nausea, vomiting, 
epigastric pain

Administer as a single dose. Oral 
formulations may be mixed 
in fruit juice, water, or milk to 
improve taste.

Onset of action may require 48 
hours.

Adding conventional laxatives may 
be necessary.

Watch for dehydration.
Sodium phosphate: Use caution in 

patients with renal insufficiency.
(Lee-Robichaud et al., 2010; Tru-

ven Health Analytics, 2017)

Detergent laxatives 
and surfactants 
(softeners)

Direct action on the intestine allow-
ing water and fats to penetrate into 
dry stool and decreasing electrolyte 
and water absorption from the colon 
(Polovich et al., 2014)

Docusate sodium
Docusate calcium

Docusate sodium: Oral; 
50–400 mg daily

Docusate calcium: 
Oral; 240 mg daily

Abnormal, bitter taste in 
mouth; cramps, diarrhea, 
nausea

Increase fluid intake and take with 
a full glass of fluid with each dose.

These agents are used prophy-
lactically in combination with an 
oral laxative for patients on vinca 
alkaloids.

(Tarumi et al., 2013; Truven Health 
Analytics, 2017)

(Continued on next page)



Chapter 15. G
astrointestinal and M

ucosal Toxicities
345

Table 15-13. Pharmacologic Management of Constipation in Adult Patients (Continued)

Classification Mechanism of Action Drug
Route, Dose, and 

Schedule Side Effects Nursing Considerations

Bowel Regimen Agents (Cont.)

Lubricants Coat the stool and reduce friction 
(Polovich et al., 2014)

Glycerol suppositories
Mineral oil
Mineral oil enema

Glycerol suppositories: 
Rectal; 2–3 g suppos-
itory for 15 minutes 
once daily

Mineral oil: Oral; 10–30 
ml daily

Mineral oil enema: 1/
day

– Excessive doses can lead to mal-
absorption of fat-soluble vita-
mins.

(Truven Health Analytics, 2017)

Milk and molasses 
enema

Sugar in the milk and molasses irri-
tates the intestinal lining and pro-
duces gas, causing pressure, peristal-
sis, and evacuation. 
(Hansen et al., 2011; Woolery et al., 
2008)

– 3 oz of powdered milk 
in 6 oz of warm water, 
mix with 4 oz molas-
ses

Insert enema tube 12 
in. or until resistance 
is met. Administer 
less than 300 ml and 
allow to dwell 20 min-
utes with patient on 
right side. 

(Woolery et al., 2008)

– Use caution with hypertonic solu-
tions; assess intravascular vol-
ume status.

Enema may be repeated up to 
4 times/day until impaction is 
relieved.

(Hansen et al., 2011; Truven 
Health Analytics, 2017; Woolery 
et al., 2008)

GI—gastrointestinal; NCCN—National Comprehensive Cancer Network
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skins, whole wheat and whole grains, 
beans, berries, and seeds and nuts. 
Soluble fiber absorbs liquid to form a 
gel that eases stool movement. Sources 
include fruits, vegetables, beans, barley, 
and oat bran. Studies have not estab-
lished the effectiveness of fiber for 
constipation (Thorpe, Byar, Conley, 
Held-Warmkessel, et al., 2017). Obtain 
a nutritional consult to individualize 
diet modifications.

c) Complementary and alternative medicine: 
Probiotics have been used for the treatment of 
diarrhea and constipation. Probiotics such as 
Bifidobacterium or Lactobacillus are live micro-
organisms capable of colonizing the intesti-
nal tract, altering the microflora, and exert-
ing a positive effect on the host. Probiotics 
can be found in some yogurts, some cheeses, 
dairy products such as Lactobacillus milk or 
kefir, sauerkraut, and kimchi. Not all probi-
otics are the same, and not all have benefi-
cial effects. The positive effects can support 
the immune system, aid in weight manage-
ment, and prevent diarrhea and constipa-
tion. Effectiveness is not established (Thorpe, 
Byar, Conley, Held-Warmkessel, et al., 2017).

8. Patient and family education
a) Encourage patients to exercise regularly. Reg-

ular exercise stimulates GI motility.
b) Instruct patients to report constipation and 

to be aware of the complications associated 
with constipation, such as fecal impaction.

c) Stress that patients should call a physician to 
initiate a bowel program if three days pass 
without a bowel movement.

d) Ensure that all patients who are prescribed 
opioids are started on pharmacologic and 
nonpharmacologic interventions to prevent 
constipation and maintain the bowel program 
until opioids are discontinued (Ahmedzai 
& Boland, 2010; Bohnenkamp & LeBaron, 
2010; Dzierżanowski & Ciałkowska-Rysz, 2015; 
Thorpe, Byar, Conley, Held-Warmkessel, et 
al., 2017; Wirz, Nadstawek, Elsen, Junker, & 
Wartenberg, 2012).
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CHAPTER 16

Cardiovascular Toxicities

A. Overview
1. Cardiovascular toxicity is a potential complica-

tion of cancer therapy that may result from the 
direct effects of cancer treatment on heart func-
tion and structure or may be due to accelerated 
development of cardiovascular disease, especially 
in the presence of traditional cardiovascular risk 
factors (Armstrong et al., 2013).

2. Although novel targeted therapies are considered 
to be less toxic and better tolerated by patients 
compared with classic chemotherapy agents, rare 
but serious cardiovascular complications have 
been described. For cancer survivors, the risk of 
death from cardiovascular causes exceeds that 
of tumor recurrence for many forms of cancer 
(Carver et al., 2007; Silber et al., 2004).

3. Cardiovascular toxicity encompasses a broad 
range of cardiovascular side effects related to can-
cer therapy, including alterations in conduction 
pathways (dysrhythmias), vasculature (hyperten-
sion), coronary arteries (myocardial ischemia), 
cardiac myocytes (left ventricular dysfunction 
and heart failure), pericardial fluid accumula-
tion (pericardial effusion), and valvular disease 
(Rowinsky et al., 1991; Sorrentino, Kim, Foder-
aro, & Truesdell, 2012; Yeh & Bickford, 2009).

4. This chapter will discuss the common cardiovas-
cular toxicities associated with cancer therapy 
(see Table 16-1 at the end of this chapter) and 
provide a concise review of the pathophysiology, 
risk factors, clinical manifestations, and recom-
mendations for effective management.

B. Conduction pathway disorders
1. Definition: Disturbance in the regular excita-

tion of the heart (Chummun, 2009; Mottram 
& Svenson, 2011). Conduction disturbances are 
classified according to their origin (e.g., atrial, 
ventricular) or their degree of life-threatening 
symptoms. Sinus dysrhythmias associated with 
antineoplastic agents usually are transient dys-
rhythmias, are of short duration, and often are 
asymptomatic and do not necessitate alteration 

of the chemotherapy regimen. The most com-
monly observed dysrhythmias associated with 
cancer treatment include atrial fibrillation as 
well as cardiac repolarization abnormalities 
manifested as QT prolongation and ventricular 
arrhythmias (torsades de pointes) (Tamargo, 
Caballero, & Delpon, 2015).
a) Atrial fibrillation is the most common of 

the atrial dysrhythmias and is characterized 
by an absence of discrete P waves and an 
“irregularly irregular” ventricular rate that 
may be caused by factors such as heart dis-
ease, hypertension, thyroid problems, and 
viral infection.

b) QT prolongation
(1) The QT interval represents the dura-

t ion of electrical depolarization 
and repolarization of the ventricles 
(Strevel, Ing, & Siu, 2007), beginning 
at the initiation of the QRS complex 
and ending where the T wave returns 
to isoelectric baseline. The approxi-
mate duration of a normal QT inter-
val is 350–460 ms. The QT interval is 
inversely correlated with heart rate; 
therefore, it is shorter with more rapid 
heart rates and longer with slower 
rates. Because of this inverse rela-
tionship, the QT interval is routinely 
transformed (normalized) by means 
of various formulas into a heart rate–
dependent “corrected” value known as 
the QTc interval. The QTc interval is 
intended to represent the QT interval 
at a standardized heart rate of 60 bpm. 
Several correction formulas have been 
developed to improve the accuracy of 
QT measurement with corrected QT 
(QTc) values (Desai, Li, Desta, Malik, 
& Flockhart, 2003; Fridericia, 2003; 
Sagie, Larson, Goldberg, Bengtson, & 
Levy, 1992; Strevel et al., 2007). QTc 
intervals at the upper limit of normal 
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have been proposed for males (greater 
than 450 ms) and females (greater 
than 460 ms). A QTc greater than 
500 ms or a QT change from baseline 
of greater than 60 ms (Strevel et al., 
2007) should be of particular concern 
because it can predispose patients to 
torsades de pointes (TdP), a polymor-
phic ventricular tachyarrhythmia that 
appears on electrocardiogram (ECG) 
as a continuous twisting of the vector of 
the QRS complex around the isoelec-
tric baseline. TdP may degenerate into 
ventricular fibrillation leading to sud-
den cardiac death (Haverkamp et al., 
2000). A feature of TdP is pronounced 
prolongation of the QT interval in the 
supraventricular beat preceding the 
arrhythmia.

2. Pathophysiology
a) Atrial fibrillation: The exact mechanism lead-

ing to increased rates of atrial fibrillation in 
patients with cancer remains unclear; how-
ever, it has been suggested that atrial fibril-
lation may actually represent an inflamma-
tory complication of cancer (Farmakis, Paris-
sis, & Filippatos, 2014; Guo, Lip, & Aposto-
lakis, 2012).

b) QT prolongation: The arrhythmogenic mech-
anisms underlying cardiac dysrhythmias (QT 
prolongation) in patients with cancer is not 
well established. Dysrhythmias may be caused 
by the tumor, cancer treatment, metabolic 
abnormalities (e.g., abnormal electrolytes), 
or underlying cardiac disease (myocardial 
ischemia and heart failure), which create an 
arrhythmogenic substrate (Tamargo et al., 
2015). The most commonly identified chemo-
therapy agents that affect cardiac repolariza-
tion include histone deacetylase inhibitors, 
tyrosine kinase inhibitors (TKIs), the BRAF 
inhibitor vemurafenib, and arsenic trioxide 
(Bello et al., 2009; Burris et al., 2009; Dere-
mer, Ustun, & Natarajan, 2008; Hazarika et 
al., 2008; Johnson et al., 2010; Soignet et al., 
2001; Westervelt et al., 2001).

3. Incidence: The incidence of dysrhythmias specif-
ically associated with cancer treatments is largely 
underestimated because of the probable attribu-
tion to other causes (Fadol & Lech, 2011; Gug-
lin, Aljayeh, Saiyad, Ali, & Curtis, 2009; Sereno 
et al., 2008). Incidence rates have been reported 
with specific therapies.
a) Asymptomatic bradycardia occurs in 

3%–30% of patients receiving paclitaxel. 

More profound cardiac events (e.g., ventric-
ular tachycardia, left bundle branch block) 
have been observed in rare instances (Fadol 
& Lech, 2011; Yeh & Bickford, 2009).

b) Bradycardia from thalidomide has been 
reported with a variable frequency from 
less than 1% to up to 55% of patients 
treated. The proposed mechanisms include 
therapy-related hypothyroidism, sedative 
effects, and increased vagal sensitivity (Fadol 
& Lech, 2011; Guglin et al., 2009).

c) Atrial fibrillation is the most common supra-
ventricular dysrhythmia in patients with can-
cer, particularly following lung resection, 
which carries a 13%–20% chance of develop-
ing postoperative atrial fibrillation (Murphy & 
Salire, 2013; Onaitis, D’Amico, Zhao, O’Brien, 
& Harpole, 2010). Surgical patients with esoph-
ageal cancer have a 20%–25% chance of devel-
oping postoperative atrial fibrillation (Mur-
phy & Salire, 2013; Murthy et al., 2003). Atrial 
fibrillation may occur acutely; during or after 
chemotherapy and/or radiation therapy; or 
following a surgical intervention (Erichsen 
et al., 2012; Guzzetti, Costantino, & Fund-
aro, 2002; Guzzetti, Costantino, Vernocchi, 
Sada, & Fundaro, 2008; Onaitis et al., 2010).

4. Risk factors (Fadol & Lech, 2011; Guzzetti et 
al., 2002)
a) Atrial fibrillation (Camm et al., 2012)

(1) Older age
(2) Preexisting cardiovascular disease
(3) Hypertension
(4) Heart failure
(5) Sleep apnea
(6) Pericardial disease
(7) Pulmonary embolism
(8) Valvular disease
(9) Chronic obstructive pulmonary disease

(10) Electrolyte abnormalities
(11) Thyroid disorders
(12) Chronic kidney disease

b) QT prolongation
(1) Medications known to prolong the QTc, 

including arsenic trioxide, dasatinib, 
5-f luorouracil, lapatinib, nilotinib, 
pazopanib, sunitinib, tamoxifen, tem-
sirolimus, and vorinostat (Al-Khatib, 
LaPointe, Kramer, & Califf, 2003; 
Cahoon, 2009; Drew et al., 2004, 2010; 
Fadol & Lech, 2011; Guglin et al., 2009; 
Kim & Ewer, 2014; Kubota, Shimizu, 
Kamakura, & Horie, 2000; Kulkarni, 
Bhattacharya, & Petros, 1992; Lenihan 
& Kowey, 2013)
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(2) Presence of multiple comorbidities 
(e.g., preexisting cardiac disease)

(3) Polypharmacy with concomitant 
QT-prolonging agents (e.g., antiemet-
ics, antidepressants, antibiotics)

(4) Electrolyte disturbances (particularly 
hypokalemia and hypomagnesemia) 
and other metabolic abnormalities

(5) Diurnal effects
(6) Autonomic tone

5. Clinical manifestations
a) Some patients with dysrhythmias may be 

asymptomatic; however, most patients with 
dysrhythmias report subjective symptoms 
such as palpitations, chest discomfort, dys-
pnea, or dizziness (Carey & Pelter, 2009). 
Syncope as the first presenting symptom is 
more common with ventricular dysrhythmias 
(Hazinski, Samson, & Schexnayder, 2010).

b) Atrial fibrillation (Bontempo & Goralnick, 
2011; Carey & Pelter, 2009)

(1) Palpitations
(2) Chest discomfort
(3) Dyspnea and fatigue may result from 

decreased cardiac output due to loss of 
“atrial kick” (approximately one-third 
of cardiac output), which leads to 
worsening of all other cardiac disease 
symptoms.

(4) Dizziness
c) QT prolongation (Ederhy et al., 2009; Lech, 

2013)
(1) Palpitations
(2) Syncope
(3) Presyncope

6. Assessment
a) Assess patients’ history for known medical 

conditions or medications that may precip-
itate dysrhythmias. Elimination of prevent-
able risks may reduce incidence or severity 
(Jolobe, 2010).

b) Obtain a baseline ECG.
c) Maintain ongoing monitoring (continuous 

or intermittent) of ECG rhythm.
d) Compare apical and peripheral heart rate 

(Carey & Pelter, 2009).
e) Perform follow-up assessments of vital signs 

and for symptoms of dyspnea, hypoxemia 
(shown as low oxygen saturation), hypoten-
sion, or chest discomfort (Hazinski et al., 
2010).

f) Replace electrolytes and maintain within 
normal ranges.

g) Identify the etiology of the QT prolonga-
tion—toxic substances, other metabolic 

abnormalities, or primary or structural abnor-
malities of the heart itself.

7. Collaborative management
a) Correct contributing factors such as hypox-

emia, anemia, fluid imbalance, and elec-
trolyte abnormalities. Administer electro-
lyte replacement to a goal potassium value 
greater than 4 mEq/L and magnesium value 
greater than 2 mEq/L (Hinkle, 2011; Pepin 
& Shields, 2012). Optimal calcium levels are 
not established, but ionized calcium levels 
greater than 1.1 mEq/L are the usual goal.

b) Prior to starting medications with potential 
for QT prolongation, obtain a baseline ECG 
with QT measurement, with subsequent ECG 
monitoring for QT intervals as indicated by 
the drug’s prescribing information.

c) In patients with excessive corrected QT inter-
val prolongation (greater than 500 ms), 
QT-prolonging cancer drugs should not be 
started, and potential causes or contributing 
factors should be evaluated and corrected.

d) Concomitant treatment with QT-prolonging 
drugs (e.g., certain antiarrhythmic, anti-
biotic, and antifungal agents) should be 
avoided.

e) Monitor electrolytes, particularly potassium 
and magnesium levels, and supplement as 
needed.

8. Patient and family education (Chopra, 2011)
a) Teach patients and families the symptoms 

of dysrhythmia and the potential urgency 
of treatment.

b) Once dysrhythmias have been identified in a 
patient, teach preventive strategies, such as 
hydration or electrolyte replacement. Empha-
size that vomiting or diarrhea may disrupt 
fluid or electrolyte balance.

c) If supraventricular tachycardia has occurred, 
teach patients to induce vagal maneuvers via 
coughing or bearing down as if defecating.

d) Patients with ventricular dysrhythmias are at 
risk for sudden death, and if indicated, fam-
ily members may be advised to learn basic 
life support skills.

e) Emphasize the importance of periodic evalua-
tion of laboratory values and ECG in patients 
at risk for dysrhythmias.

f) Atrial fibrillation
(1) Patients with truly “lone” atrial fibril-

lation need to be aware that their risk 
of stroke is extremely low, approx-
imately 1.3% over a 15-year period 
(Lane, Barker, & Lip, 2015; Potpara & 
Lip, 2011). However, regular clinical 
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reassessment of their stroke risk using 
the CHA2DS2-VASc score (Lane et al., 
2015; Lip, Nieuwlaat, Pisters, Lane, 
& Crijns, 2010) is essential, particu-
larly as age increases and the prospect 
of developing comorbidities becomes 
more likely (Lane et al., 2015; Olesen, 
Torp-Pedersen, Hansen, & Lip, 2012; 
Potpara & Lip, 2011; Potpara et al., 2012).

(2) All patients with atrial fibrillation 
should be aware of the risk factors that 
can increase their risk of stroke.

(3) Patients need to be aware of the poten-
tial harms of medications used to treat 
atrial fibrillation (beta-blockers, anti-
dysrhythmics), which can include 
life-threatening ventricular arrhyth-
mias (and lead to death in rare cases), 
deterioration of left ventricular systolic 
function, and organ toxicity (particu-
larly with long-term use).

(4) Patients need to be aware that late 
recurrences of atrial fibrillation after 
cardioversion or catheter ablation are 
a possibility and that more than one 
procedure may be required.

(5) Patients need to know what has caused 
their atrial fibrillation, how it will affect 
their life (consequences), and what the 
therapeutic options are.

(6) Patients need to know what they have 
been prescribed and why they are tak-
ing it, how to take the medication (e.g., 
dose; frequency; timings; with, before, 
or after food; with other tablets), what 
will happen if they fail to adhere as pre-
scribed, any factors that may modify 
drug efficacy, any possible side effects 
(Dickinson & Raynor, 2003; Lane et 
al., 2015), and the likelihood of treat-
ment success or failure, to enable real-
istic treatment expectations.

g) QT prolongation
(1) Patients need to know the impor-

tance of maintaining magnesium lev-
els within normal limits.

(2) Patients need to be aware if they are 
on medications that can result in QT 
prolongation.

C. Vascular abnormalities
1. Hypertension is defined as a systolic blood pres-

sure of 140 mm Hg or greater or a diastolic blood 
pressure of 90 mm Hg or greater (Lenihan & 
Kowey, 2013; Maitland et al., 2010).

a) Hypertension is the most frequent comorbid 
condition reported in patients with cancer and 
is associated with increased risk of cardiovas-
cular complications, including stroke, myocar-
dial infarction, and heart failure (Lenihan & 
Kowey, 2013; Maitland et al., 2010).

b) It is particularly increased in patients treated 
with angiogenesis inhibitors, commonly 
known as vascular signaling pathway (VSP) 
inhibitors, including the vascular endothelial 
growth factor (VEGF) inhibitors and other 
small molecule TKIs (Lankhorst, Saleh, Dan-
ser, & van den Meiracker, 2015). Drug-related 
hypertension can occur from initiation until 
one year after treatment onset (Zamorano 
et al., 2016).

2. Pathophysiology
a) The exact mechanism underlying the devel-

opment of hypertension related to cancer 
therapy is unknown. Proposed mechanisms 
include abnormalities in endothelial func-
tion and angiogenesis, nitric oxide pathway 
inhibition, decrease in vascular wall compli-
ance and flexibility, oxidative stress, and glo-
merular injury developing from loss of VEGF 
effect, as well as renal thrombotic microangi-
opathy (Izzedine et al., 2009; Mancia et al., 
2013; Priori et al., 2015; Ranpura, Pulipati, 
Chu, Zhu, & Wu, 2010; Zamorano et al., 2016).

b) Multikinase inhibition results in antiangio-
genesis by blocking the BCR-ABL receptor 
and the actions of VEGF, which decreases 
cellular nitric oxide (Force, Krause, & Van 
Etten, 2007; Yusuf, Razeghi, & Yeh, 2008). 
Hypertension is thought to be related to the 
loss of VEGF effect on the vascular endothe-
lial wall, leading to diminished nitric oxide 
synthase and loss of the vasodilatory effects 
of nitric oxide (Kamba & McDonald, 2007; 
Kurtin, 2009; Subbiah, Lenihan, & Tsimberi-
dou, 2011; Yusuf et al., 2008).

c) Lower nitric oxide levels are associated with 
sodium and water retention (Chen, 2009; Kaj-
daniuk, Marek, Borgiel-Marek, & Kos-Kudla, 
2011; Kamba & McDonald, 2007; Zeb, Ali, & 
Rohra, 2007).

d) Vasoconstriction (Mourad, des Guetz, Deb-
babi, & Levy, 2008; Sereno et al., 2008; Zeb 
et al., 2007)

3. Incidence
a) Hypertension incidence has increased to 80% 

in patients with cancer treated with VEGF 
inhibitors (Lankhorst et al., 2015).

b) Hypertension associated with antiangiogenic 
therapies and multikinase inhibitors occurs 
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with high frequency, ranging from 4%–67% 
of cases (Chu et al., 2007; Fadol & Lech, 2011; 
Force et al., 2007; Kamba & McDonald, 2007; 
Mourad et al., 2008; Patel et al., 2008; Viale & 
Yamamoto, 2008; Yusuf et al., 2008). Approx-
imately 11%–16% of patients receiving beva-
cizumab have significant hypertension that 
requires addition or adjustment of antihy-
pertensive medications (Subbiah et al., 2011; 
Yusuf et al., 2008).

4. Risk factors
a) Advancing age
b) Preexisting hypertension or cardiovascular 

disease (Kajdaniuk et al., 2011; Steingart et 
al., 2012; Subbiah et al., 2011)

c) Treatment with bevacizumab, pazopanib, 
sorafenib, sunitinib, or vandetanib (Fadol 
& Lech, 2011). Proteinuria usually precedes 
hypertension with bevacizumab therapy (Ger-
ber, 2008; Patel et al., 2011).

d) Renal insuff iciency, hyperthyroidism, 
Cushing syndrome, increased intracra-
nial pressure, and hypomagnesemia inde-
pendent of chemotherapy toxicity (Costa, 
Tejpar, Prenen, & Van Cutsem, 2011; Hous-
ton, 2011)

e) Medications such as antidepressants, includ-
ing tricyclic antidepressants and selective 
serotonin reuptake inhibitors

f) Race: Hypertension tends to be more com-
mon, be more severe, occur earlier in life, 
and be associated with greater target-organ 
damage in African Americans.

5. Clinical manifestations
a) Most patients with high blood pressure have 

no signs or symptoms, even if blood pressure 
readings reach dangerously high levels.

b) A few people with high blood pressure may 
have headaches, shortness of breath, or 
nosebleeds, but these signs and symptoms 
are not specific and usually do not occur 
until blood pressure has reached a severe or 
life-threatening stage.

c) Increases in blood pressure with multikinase 
inhibitors and antiangiogenic agents may be 
asymptomatic or accompanied by headache, 
visual disturbances, fatigue, tachycardia, or 
heart failure.

6. Assessment (Lenihan & Kowey, 2013; Maitland 
et al., 2010)
a) Obtain a comprehensive patient history to 

establish baseline. Assess for medications 
(e.g., sinus or cold remedies) or clinical con-
ditions that may contribute to altered blood 
pressure.

b) Evaluate laboratory values to determine spe-
cific cardiovascular risk factors prior to start-
ing VSP inhibitors.

c) Blood pressure assessment should have a min-
imum of two standardized measurements 
and set a goal of less than 140/90 mm Hg 
for most patients, in accordance with recom-
mendations for all adults.

d) Higher-risk patients, including those with 
diabetes or chronic kidney disease, should 
achieve a lower goal (e.g., 130/80 mm Hg).

e) Evaluate pain control, as pain may contrib-
ute to hypertension.

f) Assess for stress management and other 
medications used in these patients (e.g., ste-
roids, nonsteroidal anti-inflammatory drugs, 
erythropoietin) that can cause hypertension 
to obtain an adequate estimation of blood 
pressure.

7. Collaborative management of hypertension 
(Maitland et al., 2010)
a) Early diagnosis and control of blood pres-

sure to the recommended guideline param-
eters allow for effective antiangiogenic ther-
apy for optimal cancer treatment (Ranpura 
et al., 2010).

b) A baseline blood pressure measurement and 
regular monitoring are recommended while 
patients are receiving VEGF inhibitors, espe-
cially during the first cycle of chemotherapy 
when most patients experience an elevation 
in blood pressure.

c) Blood pressure should be actively monitored 
weekly during the first cycle of VSP inhibitor 
therapy and then at least every two to three 
weeks for the duration of treatment.

d) Patients with preexisting hypertension and on 
multiple antihypertensive agents should be 
evaluated for renal function and proteinuria.

e) The choice of antihypertensive therapy must 
be individualized to patients according to 
their medical history and the specific prop-
erties of different classes of antihyperten-
sive agents (Lenihan & Kowey, 2013; Man-
cia et al., 2013).

f) Antihypertensive agent classes that have been 
specifically prescribed to control hyperten-
sion associated with VSP inhibitor therapy 
include thiazide diuretics, beta-blockers, 
dihydropyridine calcium channel blockers, 
angiotensin-converting enzyme inhibitors, 
and angiotensin receptor blockers (Lenihan 
& Kowey, 2013; Maitland et al., 2010).

g) Some agents may be preferable (e.g., 
renin-angiotensin or sympathetic system 
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inhibitors) over others (e.g., thiazide diuret-
ics) to minimize the risk of electrolyte deple-
tion.

h) Hypertension associated with TKIs is typically 
quite manageable with appropriate therapy. 
Early intervention is key to minimizing addi-
tional cardiovascular adverse effects such as 
heart failure (Lenihan & Kowey, 2013).

i) Patients should keep a blood pressure mea-
surement log, especially during the first week 
of treatment because the magnitude of ele-
vation is unpredictable.

j) Target blood pressure should be based on 
the Eighth Joint National Committee classi-
fication and guidelines (James et al., 2014).

k) Antihypertensive therapy should be adjusted 
accordingly based on associated comorbidi-
ties (e.g., less than 140/90 mm Hg) in patients 
with diabetes or chronic kidney disease.

8. Patient and family education
a) Hypertension can be life threatening and 

cause stroke, so patients should be prepared 
to recognize signs of a hypertensive crisis 
or stroke.

(1) Memory lapses
(2) Blackouts or near-syncope
(3) Visual abnormalities
(4) Persistent headache
(5) Slurred words
(6) Numbness or tingling of an extremity
(7) Facial droop

b) Pat ients may require guidance with 
self-administration of antihypertensive 
agents.

c) Many antihypertensive agents can cause 
immediate orthostasis, dizziness, nausea, 
and risk of falling.

d) Patients should be instructed to use a vali-
dated, automated oscillometric device that 
measures blood pressure in the brachial 
artery (upper arm) and to perform measure-
ments in a quiet room after five minutes of 
rest in the seated position with the back and 
arm supported.

e) Blood pressure generally should be checked 
in both arms to determine if a difference 
exists. It is important to use an appropriately 
sized arm cuff.

f) Adherence to taking the medications as pre-
scribed should be emphasized to patients.

g) Patients should be aware of the potential 
side effects of their medications and when 
to report them to their healthcare provider.

h) Before starting TKIs, patients need to have 
a baseline blood pressure measurement and 

be aware of what the target blood pressure 
should be.

D. Venous thromboembolism (VTE)
1. VTE is a serious, life-threatening disorder and 

the second leading cause of death in hospital-
ized patients with cancer (Lyman et al., 2007). 
VTE consists of deep vein thrombosis, which typ-
ically involves the deep veins of the legs or pel-
vis, and its complication, pulmonary embolism.

2. Pathophysiology: Endothelial wall damage is 
thought to have a direct relationship to athero-
sclerotic events such as VTE, supported by the 
fact that VTE occurs with higher incidence in 
patients treated with VEGF inhibitors (Force et 
al., 2007; Kamba & McDonald, 2007).

3. Incidence: The risk of VTE in patients with can-
cer is 1.9%–11% based on a variety of factors. 
The addition of thalidomide increases this risk 
to as high as 30%, and antiangiogenic agents 
increase the risk up to 30%, even in lower-risk 
individuals (Yusuf et al., 2008).

4. Risk factors
a) Treatment with chemotherapy and immuno-

therapy agents, including bevacizumab, cispl-
atin, erlotinib, lenalidomide, tamoxifen, tha-
lidomide, and vorinostat (Fadol & Lech, 2011; 
Zangari, Berno, Zhan, Tricot, & Fink, 2012)

b) Edema, immobility, dehydration, congestive 
heart failure, and erythropoiesis-stimulating 
agents (Connolly, Dalal, Lin, & Khorana, 
2012)

5. Clinical manifestations: Unilateral pain, red-
ness, and swelling of affected extremity

6. Assessment: Obtain a health history at every 
clinic or hospital visit. Assess patients for signs 
and symptoms of VTE, such as pain, redness, and 
swelling of extremities, especially unilaterally.

7. Collaborative management: Refer patients for 
diagnostic testing (e.g., venous Doppler study). 
Initiate anticoagulant therapy when indicated, 
and monitor therapeutic levels when necessary. 
Discontinue medications thought to contrib-
ute to VTE.

8. Patient and family education (Viale & Yama-
moto, 2008)
a) Teach patients the signs and symptoms of 

vascular complications.
b) Teach lifestyle changes, such as smoking ces-

sation, low-fat diet, moderate exercise, and 
stress management, that may reduce the inci-
dence and severity of vascular complications.

c) Advise patients to report symptoms to health-
care providers so that assessment and pre-
ventive strategies can be implemented early.
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E. Coronary artery disease
1. Myocardial ischemia: Several cancer treatments, 

including cytotoxic drugs, radiation therapy, 
and targeted therapies, are associated with an 
increased risk of coronary artery disease with 
or without acute coronary syndromes. The most 
common cancer therapies associated with myo-
cardial infarction and myocardial ischemia are 
angiogenesis inhibitors (e.g., lenalidomide, tha-
lidomide), antimetabolites (e.g., capecitabine; 
5-fluorouracil), antimicrotubule agents (e.g., 
docetaxel, ixabepilone, paclitaxel), monoclonal 
antibody TKIs (e.g., bevacizumab), proteasome 
inhibitors (e.g., carfilzomib), and small molecule 
TKIs (e.g., erlotinib, imatinib, nilotinib, pazo-
panib, ponatinib, ramucirumab, regorafenib, 
sorafenib, ziv-aflibercept). 

2. Pathophysiology
a) The exact mechanism of cardiotoxicity result-

ing in myocardial ischemia associated with 
these agents is not entirely understood. Poten-
tial mechanisms include coronary artery 
thrombosis, coronary arteritis, coronary 
vasospasm, direct toxic effects, interaction 
with the coagulation system, autoimmune 
responses, and apoptosis of the myocardial 
cells and endothelium, mimicking toxic myo-
carditis (Yeh & Bickford, 2009).

b) Myocarditis-induced edema of myocytes cre-
ates increased automaticity and impaired per-
fusion. Increased workload and myocardial 
stress is thought to be the mechanism for myo-
cardial ischemia and infarction. Thrombo-
ses occurring as a result of increased propen-
sity for clotting may involve coronary arter-
ies (Kusama et al., 2011).

3. Incidence
a) 5-Fluorouracil: Incidence of myocardial isch-

emia varies from 1%–68%. It occurs within 
two to five days after the start of treatment 
and presents as angina-like chest pains; how-
ever, myocardial infarction, arrhythmias, 
heart failure, cardiogenic shock, and sudden 
death have been reported (Bonita & Prad-
han, 2013; Fadol & Lech, 2011). Cardiac mor-
tality rate with 5-fluorouracil is 2.2%–13%.

b) Capecitabine: Incidence of cardiotoxicity 
is 3%–9%. The onset of anginal symptoms 
ranges from three hours to four days after 
therapy (Yeh & Bickford, 2009).

c) Antimicrotubule agents: Incidence of myocar-
dial ischemia is 0.5%–5% with paclitaxel and 
1.7% with docetaxel (Yeh & Bickford, 2009).

d) Monoclonal antibody TKIs (e.g., bevaci-
zumab): Incidence of high-grade ischemia 

is 0.6%–1.5% (Fadol & Lech, 2011; Ranpura 
et al., 2010).

e) Small molecule TKIs (e.g., erlotinib, 
sorafenib): Incidence of myocardial infarc-
tion and ischemia was 2.3% when erlotinib 
was combined with gemcitabine (Fadol & 
Lech, 2011). Sorafenib is associated with myo-
cardial infarction in 2.7%–3% of patients 
(Fadol & Lech, 2011; Porto et al., 2010).

4. Risk factors
a) Cancer therapies associated with myocar-

dial ischemia, which include bevacizumab, 
bortezomib, capecitabine, docetaxel, doxo-
rubicin, erlotinib, 5-fluorouracil, hydroxy-
urea, paclitaxel, pazopanib, rituximab, 
and sorafenib (Arima et al., 2009; Kalsch, 
Wieneke, & Erbel, 2010; Molteni et al., 2010; 
Saif, Shah, & Shah, 2009; Subbiah et al., 
2011; Takamatsu et al., 2010; Tunio, Hashmi, 
& Shoaib, 2012; Winchester & Bavry, 2010)

b) Androgen deprivation (Saylor & Smith, 2009)
c) Cetuximab used for locally advanced squa-

mous cell head and neck cancer. Similar 
events were not observed with cetuximab 
when used for treatment of metastatic colorec-
tal cancer (ImClone LLC, 2016).

d) Interleukin-2 resulting in capillary permea-
bility with myocarditis (Jones & Ewer, 2006; 
Muehlbauer, Callahan, Zlott, & Dahl, 2018)

e) Taxane therapy (Londhey & Parikh, 2009): 
Few patients suffer coronary artery disease 
with now-established drug monitoring and 
dose attenuation plans.

f) Agents enhancing hypercoagulability, 
although no relationship to any specific che-
motherapy or immunotherapy agent has been 
demonstrated (Yusuf et al., 2008)

g) High-dose chemotherapy: Rare unexplained 
chest pain with ischemic ECG changes that 
spontaneously resolve (Fadol & Lech, 2011; 
Yusuf et al., 2008)

h) Aromatase inhibitors (Bird & Swain, 2008; 
Towns, Bedard, & Verma, 2008)

i) Transarterial chemoembolization, with 
unclear etiology (Lai et al., 2010) 

5. Clinical manifestations
a) General signs and symptoms: Anxiety, gen-

eralized fatigue and weakness, restlessness, 
agitation

b) Cardiovascular: Retrosternal chest discom-
fort, tachycardia, new murmur or S2 or S3, 
congestive heart failure symptoms, hyper-
tension or hypotension

c) Gastrointestinal: Nausea, abdominal pain, 
indigestion, vomiting
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d) Neurologic: Light-headedness, near-syncope, 
syncope

e) Pulmonary: Dyspnea, wheezing, tachypnea, 
pulmonary rales

f) Integumentary: Diaphoresis; cool, clammy 
skin; pallor

g) Elevated cardiac enzymes indicative of a myo-
cardial infarction (Curigliano et al., 2012)

h) Ischemic ECG changes are seen in up to 68% 
of patients (Bonita & Pradhan, 2013).

6. Assessment
a) Dysrhythmias are common in patients with 

cancer; life-threatening ventricular tachycar-
dia or ventricular fibrillation is most common 
in the first two hours.

b) Cardiac enzymes (creatine phosphokinase- 
MB, troponin I, or troponin T) measured 
in the serum are elevated when myocardial 
injury occurs (Gaze, 2011).

c) Echocardiogram or multigated acquisition 
scan

d) Diagnostic right heart catheterization
7. Collaborative management (Daga, Kaul, & Man-

soor, 2011; Hazinski et al., 2010; Jugdutt, 2012)
a) Initiate medical treatment as appropriate 

(e.g., supplemental oxygen; morphine 2–4 
mg IV as needed for analgesia; nitroglyc-
erin sublingually as needed for chest pains).

b) Administer oxygen at a rate sufficient to main-
tain oxygen saturation above 90% unless oth-
erwise contraindicated.

c) Implement cardiac monitoring: Observe for 
dysrhythmias and ischemic changes, low oxy-
gen saturation, or extremes in blood pressure.

d) Obtain an order for aspirin 325 mg to be 
chewed as soon as a 12-lead ECG is performed 
and ST changes are present. Administer with 
caution in patients with low platelet counts 
and brain metastases.

e) Consider patient candidacy for reperfusion 
strategies, such as cardiac catheterization 
with angioplasty, stent placement, or intra-
coronary/IV thrombolysis (Iyengar & God-
bole, 2011).

f) Consider ischemia-reducing or myocardial 
preservation strategies, such as adminis-
tration of nitrates, beta-blockers, or statins 
(Ferreira & Mochly-Rosen, 2012; Gerczuk & 
Kloner, 2012).

g) Maintain potassium greater than 4 mEq/L, 
magnesium greater than 2 mEq/L, and ion-
ized calcium greater than 1 mEq/L (Akhtar, 
Ullah, & Hamid, 2011).

h) Consider discontinuation of antineoplas-
tic agents that are thought to cause cardiac 

ischemia or infarction, such as fluoropy-
rimidines, oxaliplatin, sorafenib, or tamox-
ifen (Basselin et al., 2011; Chang, Hung, 
Yeh, Yang, & Wang, 2011; Shah, Shah, & 
Rather, 2012).

i) Determine the need for follow-up assessment 
of coronary arteries and myocardial function 
with exercise stress testing, cardiac cathe-
terization, echocardiogram, or multigated 
acquisition scan (Al-Zaiti, Pelter, & Carey, 
2011; Arrighi & Dilsizian, 2012).

j) Aggressively manage cardiac risk factors (e.g., 
hypertension, hyperlipidemia).

8. Patient and family education
a) Explain the disease process, diagnostic tests, 

and medications to patients and families.
b) Provide emotional support to patients and 

families to lower patients’ level of anxiety, 
which can reduce heart rate and myocardial 
oxygen demand.

c) Provide instruction regarding risk factor 
modification (Anderson et al., 2017; Crum-
lish & Magel, 2011).

d) Educate patients and families regarding 
reportable symptoms, such as chest discom-
fort, left arm or neck pain, and dyspnea.

e) Educate patients and families regarding man-
agement of risks for cardiac ischemia that 
are specific to oncology (e.g., anemia, car-
diac demands of infection, electrolyte dis-
turbances).

f) Include patient teaching on cardiac medi-
cations and unique considerations in oncol-
ogy care (e.g., risk for low blood pressure 
increased when febrile; electrolyte distur-
bances with nausea and vomiting may con-
tribute to cardiac dysrhythmias).

g) Provide referral and education regarding 
cardiac rehabilitation programs (Anderson 
et al., 2016).

F. Left ventricular dysfunction/heart failure
1. Definition: Heart failure is defined as inadequate 

contractile force to eject the required amount 
of blood for perfusion of the body (Hunt et al., 
2009; Lindenfeld et al., 2010).
a) It is classified as primary or secondary based 

on the primary etiology and has three types: 
acute, early-onset progressive, or chronic late 
progressive (Gianni, Salvatorelli, & Minotti, 
2007).

b) A consensus definition for cardiotoxicity- 
induced cardiomyopathy and heart fail-
ure is still lacking. Multiple definitions are 
listed below.
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(1) The National Cancer Institute (NCI) 
broadly defines cardiotoxicity as “toxic-
ity that affects the heart” (NCI, n.d.).

(2) The Common Terminology Criteria 
for Adverse Events (version 5.0) defines 
left ventricular dysfunction and heart 
failure based on severity (grades 1–5), 
with a decrease in left ventricular ejec-
tion fraction (LVEF) of 10% or greater 
from baseline or LVEF less than 50% 
(NCI Cancer Therapy Evaluation Pro-
gram, 2017).

(3) The Cardiac Review and Evaluation 
Committee supervising trastuzumab 
clinical trials defined drug-related car-
diotoxicity as one or more of the fol-
lowing (Bloom et al., 2016; Raschi & 
De Ponti, 2012; Seidman et al., 2002):
(a) Cardiomyopathy characterized by 

a decrease in LVEF, either global 
or more severe in the septum

(b) Symptoms associated with conges-
tive heart failure

(c) Signs associated with congestive 
heart failure (e.g., S3 gallop, tachy-
cardia, or both)

(d) Reduction in LVEF from baseline 
of at least 5% to less than 55% with 
accompanying signs or symptoms 
of congestive heart failure, or a 
reduction in LVEF of at least 10% 
to less than 55% without accompa-
nying signs or symptoms

(4) The U.S. Food and Drug Administra-
tion defined anthracycline-induced 
cardiotoxicity as greater than 20% 
decrease in LVEF when baseline is 
normal or greater than 10% decrease 
when baseline is not normal (Bloom 
et al., 2016).

(5) The American Society of Echocardiog-
raphy and European Association of 
Cardiovascular Imaging defined can-
cer therapeutics–related cardiac dys-
function as a decrease in the LVEF of 
more than 10% to a value less than 53% 
confirmed by repeat imaging (Bloom 
et al., 2016; Plana et al., 2014).

2. Pathophysiology
a) Anthracycline-induced cardiotoxicity: The 

exact mechanism is not fully understood, 
although multiple pathways have been impli-
cated (Wouters, Kremer, Miller, Herman, 
& Lipshultz, 2005). The most commonly 
accepted pathophysiologic mechanism is the 

oxidative stress hypothesis, which suggests 
that the generation of reactive oxygen spe-
cies and lipid peroxidation of the cell mem-
brane damage cardiomyocytes. Other pro-
posed mechanisms include intercalation into 
nuclear DNA to impair protein synthesis and 
inhibition of topoisomerase II to inhibit DNA 
repair (Doroshow, 1983; Drafts et al., 2013; 
Franco & Lipshultz, 2015; Lim et al., 2004; 
Steinherz, Steinherz, Tan, Heller, & Murphy, 
1991; Tewey, Rowe, Yang, Halligan, & Liu, 
1984; Zhang et al., 2012).

(1) Several agents have been identified as 
potentially effective prophylaxis for 
anthracycline-induced cardiotoxicity, 
including beta-blockers, statins, angio-
tensin antagonists, and dexrazoxane 
(Kalam & Marwick, 2013).

(2) Dexrazoxane is a topoisomerase 
IIβ inhibitor that converts an active 
ion-binding form to prevent toxic rad-
ical injury. The recommended dosing 
ratio of dexrazoxane to doxorubicin is 
10:1 (Kalam & Marwick, 2013; Pfizer 
Inc., 2012).

(3) Dexrazoxane is reconstituted with ster-
ile water and may be further diluted 
with lactated Ringer’s solution for rapid 
IV infusion; it should not be adminis-
tered via IV push (Pfizer Inc., 2012).

b) TKI-associated toxicity: The mechanisms of 
action proposed for TKI-associated toxicity 
(e.g., trastuzumab) are typically related to 
their individual targets of action for cancer 
therapy, either on- or off-target adverse reac-
tions, such as left ventricular dysfunction or 
heart failure.

(1) On-target toxicity occurs when the 
specific kinase targeted by the ther-
apy provides an important physio-
logic function in addition to the tar-
get tumor tissue (Cheng & Force, 2010; 
Lenihan & Kowey, 2013). An example 
of on-target toxicity is cardiotoxicity 
that may occur with trastuzumab. It is 
believed that trastuzumab interferes 
with HER2 functioning in cardiac tis-
sue, which manifests as left ventricular 
systolic dysfunction (Cheng & Force, 
2010; Fabian et al., 2005; Force et al., 
2007; Kerkela et al., 2006; Lenihan & 
Kowey, 2013; Mann, 2006).

(2) Off-target toxicity is observed when a 
nonselective TKI modulates the func-
tion of a kinase involved in normal vas-
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cular physiology and is not the target 
in cancer cells (Mouhayar, Durand, 
& Cortes, 2013). A typical example 
is the unintended inhibition of the 
AMP-activated protein kinase (known 
as AMPK) by sunitinib, a mechanism 
that may be partially responsible for 
cardiomyopathy.

3. Incidence (Chen, 2009; Ewer & Ewer, 2008; 
Steinherz et al., 1991; Von Hoff et al., 1979; Yeh 
& Bickford, 2009; Yusuf et al., 2008; Zamorano 
et al., 2016)
a) Cardiotoxicities resulting in left ventricular 

dysfunction or cardiomyopathy and heart 
failure are relatively common and serious 
side effects of cancer treatment (Carver et 
al., 2007). Heart failure due to cancer ther-
apy has been linked to a 3.5-fold increased 
mortality risk compared with idiopathic car-
diomyopathy (Bloom et al., 2016; Felker et 
al., 2000).

b) Anthracyclines produce some degree of car-
diac dysfunction in 50% of patients over a 
10–20-year period after exposure. Approx-
imately 3%–5% develop overt heart failure 
(Fadol & Lech, 2011). Anthracycline-induced 
left ventricular dysfunction or heart failure 
may be classified as the following:

(1) Acute-onset anthracycline-induced 
toxicity, which develops in 1% of 
patients, presents immediately after 
infusion, and is manifested as supra-
ventricular arrhythmia, ECG changes, 
and transient decline in myocardial 
contractility, which is usually reversible.

(2) Early -onset chronic progressive 
anthracycline-induced cardiotoxicity, 
which occurs during therapy or within 
the first year after treatment in 1.6%–
2.1% of patients (Gianni et al., 2008)

(3) Late -onset chronic progressive 
anthracycline-induced cardiotoxicity, 
which occurs one year or later after 
completion of therapy in 1.6%–5% of 
patients. Late-occurring cardiotoxic-
ity may not be clinically evident until 
10–20 years after the first dose of treat-
ment (Bloom et al., 2016; Curigliano 
et al., 2012; Volkova & Russell, 2011), 
with a median of 7 years after treatment 
(Steinherz et al., 1991; Von Hoff et al., 
1979; Zamorano et al., 2016).

c) Trastuzumab-induced cardiotoxicity does not 
appear to be cumulative dose dependent and 
is associated with reversible cardiomyocyte dys-

function, which typically recovers after treat-
ment discontinuation of the targeted agent 
and initiation of heart failure therapy (Ewer 
& Lippman, 2005; Le, Cao, & Yang, 2014).

(1) Patients who received the combination 
therapy of trastuzumab with anthracy-
clines have a higher chance of devel-
oping left ventricular dysfunction 
or heart failure (Piccart-Gebhart et 
al., 2005; Slamon et al., 2001, 2011). 
A meta-analysis on the use of trastu-
zumab reported an incidence of left 
ventricular dysfunction of 3%–7% 
(trastuzumab alone) but increased to 
27% when administered with anthra-
cyclines (Lazzari, De Paolis, Bovelli, & 
Boschetti, 2013; Piccart-Gebhart et al., 
2005; Seidman et al., 2002).

(2) Adjuvant trastuzumab after anthracy-
clines and paclitaxel is associated with 
an incidence of 4%–18.6% for left ven-
tricular dysfunction and 1.6%–3.3% 
for heart failure (Bria et al., 2008; 
Lazzari et al., 2013; Perez et al., 2008; 
Slamon et al., 2011).

d) Bevacizumab, another humanized monoclo-
nal antibody against VEGF, has an adverse 
complication of heart failure, with an inci-
dence of 1.7%–3% (Lazzari et al., 2013; Yeh 
& Bickford, 2009).

4. Risk factors
a) Anthracycline-induced cardiotoxicity

(1) Lifetime cumulative dose (Camp- 
Sorrell, 2018)

(2) Infusion regimen (Fadol & Lech, 2011)
(3) Preexisting cardiac disease (Fadol & 

Lech, 2011)
(4) Preexisting hypertension
(5) Concomitant use of other chemother-

apy agents known to cause cardiotox-
icity (e.g., cyclophosphamide, trastu-
zumab, paclitaxel) (Bird & Swain, 2008; 
Ewer & O’Shaughnessy, 2007; Mackey 
et al., 2008; Perez et al., 2008)

(6) History of prior mediastinal radiation 
therapy (Yeh & Bickford, 2009; Yusuf 
et al., 2008)

(7) Female gender (Fulbright, Huh, Ander-
son, & Chandra, 2010)

(8) Age (young and elderly) (Fulbright et 
al., 2010)

(9) Increased length of time since comple-
tion of chemotherapy

(10) Increase in biomarkers (e.g., troponins, 
natriuretic peptides) during and after 
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administration (Braverman, Antin, 
Plappert, Cook, & Lee, 1991; Cardi-
nale et al., 2002, 2004; Curigliano et 
al., 2012; Herrmann et al., 2014; Pichon 
et al., 2005; Volkova & Russell, 2011; 
Zamorano et al., 2016)

b) Trastuzumab-induced cardiotoxicity
(1) Age greater than 50 years
(2) Borderline LVEF before treatment
(3) History of cardiovascular disease
(4) Presence of cardiovascular risk fac-

tors (e.g., diabetes, dyslipidemia, ele-
vated body mass index greater than 
30 kg/m2)

(5) Prior treatment with anthracyclines 
(de Azambuja, Bedard, Suter, & 
Piccart-Gebhart, 2009; Hayes & Picard, 
2006; Lazzari et al., 2013; Telli, Hunt, 
Carlson, & Guardino, 2007)

(6) Genetic predisposition and immune 
status (Force et al., 2007; Lazzari et 
al., 2013)

5. Clinical manifestation
a) Signs

(1) Edema (lower-extremity swelling, 
abdominal ascites)

(2) Jugular venous distension
(3) Hepatomegaly (enlarged liver)
(4) Abnormal heart sounds (S3 gallop, 

murmurs)
(5) Tachycardia
(6) Hypotension
(7) Tachypnea
(8) Abnormal lung sounds (crackles)

b) Symptoms
(1) Fatigue, weakness, exercise intolerance
(2) Dyspnea
(3) Orthopnea
(4) Paroxysmal nocturnal dyspnea
(5) Increased abdominal girth
(6) Frequent coughing, especially at night 

when lying flat
(7) Sudden weight gain

6. Assessment
a) Perform a comprehensive history and phys-

ical assessment.
b) Obtain history of treatments received for 

cancer therapy.
c) Determine the etiology of heart failure (e.g., 

ischemic versus nonischemic).
d) Classify the presenting syndrome (e.g., acute 

vs. chronic; systolic vs. diastolic).
e) Identify concomitant disease relevant to 

heart failure (e.g., amyloidosis, hemochro-
matosis).

f) Evaluate for presence of coronary artery dis-
ease and valvular problems.

g) Assess severity of symptoms.
h) Perform diagnostic and interventional pro-

cedures as needed (e.g., cardiac catheter-
ization).

7. Collaborative management and prevention 
(Fares, 2008; Yusuf et al., 2008)
a) Identify precipitating factors for acute decom-

pensated heart failure.
(1) Patient-related factors (Fadol, 2013)

(a) Nonadherence to medications
(b) Excessive salt intake
(c) Physical and environmental stress-

ors
(2) Cardiac-related factors

(a) Cardiac arrhythmias (e.g., atrial 
fibrillation, ventricular fibrilla-
tion, bradyarrhythmias)

(b) Uncontrolled hypertension
(c) Acute myocardial infarction
(d) Valvular disease, worsening mitral 

regurgitation
(3) Adverse effects of anticancer agents

(a) Steroids
(b) Chemotherapy (e.g., doxorubicin, 

cyclophosphamide)
(c) Nonsteroidal anti-inflammatory 

drugs
(d) Thiazolidinediones

b) Establish diagnosis of left ventricular dys-
function or heart failure.

(1) Echocardiography to assess left ven-
tricular function

(2) Chest x-ray to evaluate for pulmonary 
edema, pleural effusion, and cardio-
megaly

(3) Nuclear imaging to detect location 
and severity of coronary artery disease

(4) Coronary angiography to evaluate cor-
onary artery disease

(5) Endomyocardial biopsy to diagnose 
anthracycline-induced cardiomyop-
athy

(6) Thyroid profile to evaluate for hypo-
thyroidism or hyperthyroidism as heart 
failure etiology

(7) Viral titers to evaluate causes of myo-
carditis, endocarditis, and pericarditis

(8) Iron studies to evaluate for hemochro-
matosis resulting in heart failure

c) Initiate recommended pharmacologic ther-
apies for heart failure.

(1) Angiotensin-converting enzyme inhib-
itors
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(2) Angiotensin receptor blocker
(3) Aldosterone antagonists
(4) Cardiac glycosides
(5) Direct-acting vasodilator

8. Patient and family education
a) Dietary modifications: Instruct patients on 

sodium restriction to 2,000 mg/day to pre-
vent volume overload (Fadol, 2013).

b) Physical activity: Encourage physical activ-
ity, except during periods of acute exac-
erbation when physical rest is recom- 
mended.

c) Weight monitoring: Patients should be 
advised to perform daily weight monitoring 
and notify their healthcare provider in case 
of a sudden unexpected weight gain (more 
than 2 lbs per day for two consecutive days or 
more than 5 lbs per week) for possible adjust-
ment of diuretic dose.

d) Alcohol intake: Moderate intake (one drink 
per day for women and two drinks per day 
for men) is permitted except in cases of alco-
holic cardiomyopathy.

e) Encourage smoking cessation.

Table 16-1. Cardiotoxicity of Cancer Therapy

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents

Alkylating 
agents

Busulfan
(IV: Busulfex®; 
oral: Myleran®)

When used in combination 
with cyclophosphamide

 • Atrial fibrillation
 • Cardiac dysrhythmia
 • Complete atrioventricu-
lar block

 • Hypertension (36% with IV 
formulation)

 • Left heart failure (with IV 
formulation)

 • Pericardial effusion (with 
IV formulation)

 • Tachycardia (44% with IV 
formulation)

 • Vasodilation (25% with IV 
formulation)

 • Ventricular premature 
heart beats

Cardiac tamponade (2% 
with high doses of oral for-
mulation)

Chest pain (26% with IV for-
mulation)

Pericardial fibrosis (with oral 
formulation)

Monitor for nausea and vomiting, which often preceded fatal car-
diac tamponade.

Monitor pediatric patients with thalassemia, as they may be prone 
to cardiac tamponade, particularly during concurrent treatment 
with cyclophosphamide.

(Truven Health Analytics, 2017)

Cisplatin Bradyarrhythmia
Cardiomyopathy (22% with 

prior chest wall radiation; 
5.1% without)

Hypertension
MI
Orthostatic hypotension

Monitor for serum electrolyte disturbances, including hypomagne-
semia, hypocalcemia, hyponatremia, hypokalemia, and hypo-
phosphatemia.

Monitor levels of magnesium, calcium, sodium, and potassium before 
first and subsequent cisplatin therapy.

Monitor serum creatinine and blood urea nitrogen levels, which 
may be elevated in individuals experiencing orthostatic hypoten-
sion.

Monitor for bradyarrhythmia within 2 hours of starting infusion and 
for up to 3 hours after.

Maintain normal serum electrolyte levels by supplementation as 
appropriate.

Hypertension is associated with combination therapy containing 
cisplatin, etoposide, vinblastine, and bleomycin.

(Truven Health Analytics, 2017)

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Alkylating 
agents (cont.)

Cyclophospha-
mide (high-
dose)

Atrial fibrillation
Cardiac tamponade
Cardiogenic shock
Cardiomyopathy
Cardiotoxicity (27%; grade 

3–4: 3%)
CHF
Heart failure (7%–28%)
Myocardial hemorrhage
Left ventricular systolic dys-

function
MI
Myocardial necrosis
Myocarditis
Acute myopericarditis
Pericardial effusion (33%)
Pericarditis
Prolonged QT interval
Supraventricular arrhythmia
Ventricular fibrillation
Ventricular tachycardia

Monitor ECG for QT (QTc) prolongation in patients treated with 
high-dose cyclophosphamide-containing chemotherapy. ECG 
may show diminished QRS complex.

Monitor cardiac biomarker (BNP) in patients on high-dose cyclo-
phosphamide as an indicator of acute heart failure because it is 
elevated within the first 24 hours of therapy and remains persis-
tently elevated for up to 1 week after the clinical presentation of 
acute heart failure.

Monitor for cardiotoxicity, including myocarditis, myopericardi-
tis, pericardial effusion, including cardiac tamponade, and CHF, 
which have been reported and may be fatal. Risk for cardiotoxic-
ity increases with high doses, older patients, history of radiation 
to the chest wall, and previous or current treatment with cardio-
toxic agents.

Monitor for supraventricular (atrial fibrillation and flutter) and ven-
tricular (tachyarrhythmia associated with severe QT prolonga-
tion) arrhythmias.

Monitor patients with risk factors and preexisting cardiac disease 
for cardiotoxicities.

Diuretics, ACE inhibitors, and beta-blockers should be instituted 
early if no contraindications exist.

The spectrum of clinical manifestations from cyclophosphamide-
induced cardiotoxicity is variable in presentation and severity. 
Common manifestations include tachyarrhythmias, hypotension, 
heart failure, myocarditis, and pericardial disease. These typi-
cally present within the first 48 hours of drug administration but 
may be seen up to 10 days after initiation. Hemorrhagic myocar-
ditis is a rare complication that is uniformly and rapidly fatal.

Mild to moderate heart failure and small pericardial effusions gen-
erally resolve within a few days to weeks after discontinuation of 
cyclophosphamide.

The risk of cardiotoxicity appears to be dose related (150 mg/kg 
and 1.5 g/m2/day) and occurs 1–10 days after the administra-
tion of the first dose of cyclophosphamide. Higher doses of this 
drug may produce significant cardiotoxicity, including fatal hem-
orrhagic myocarditis.

Pediatric patients with thalassemia have been shown to have a 
potential for cardiac tamponade when cyclophosphamide is 
given with busulfan.

Myocardial necrosis may result in rare circumstances.
(Dhesi et al., 2013; Shaikh & Shih, 2012; Truven Health Analyt-

ics, 2017)

Dacarbazine Orthostatic hypotension
ECG abnormalities

Monitor blood pressure and observe for ECG abnormalities for 
patients receiving this therapy.

Educate patients about signs and symptoms of hypotension.
(Truven Health Analytics, 2017)

Estramustine
(estradiol and 
nitrogen mus-
tard)

CHF
MI
Edema

Monitor for signs and symptoms of CHF (e.g., shortness of breath, 
lower-extremity edema) and acute MI (e.g., chest pain, short-
ness of breath, palpitation).

Because hypertension may occur, monitor blood pressure period-
ically.

Use estramustine with caution in patients with a history of cerebral 
vascular or coronary artery disease.

(Truven Health Analytics, 2017)

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Alkylating 
agents (cont.)

Ifosfamide
(Ifex®)

Cardiotoxicity (0.5%)
Hypotension (0.3%)
MI
Myocarditis

Monitor electrolyte levels.
Establish baseline cardiac status and monitor for acute changes.
Risk is dose dependent and increased with previous treatment 

with cardiotoxic agents and regimens, preexisting cardiac dis-
ease, and renal impairment.

Cardiotoxicity includes supraventricular or ventricular arrhythmias, 
decreased QRS voltage and changes in ST segment or T-wave, 
toxic cardiomyopathy leading to heart failure, and pericardial 
effusion, some of which have caused fatalities.

(Truven Health Analytics, 2017)

Melphalan
(Alkeran®, 
Evomela®)

Atrial fibrillation or flutter 
(11%)

Peripheral edema (33%)
Supraventricular tachycar-

dia (11%)

Monitor for signs and symptoms of cardiotoxicity, including ECG 
changes.

This drug includes a black box warning for hypersensitivity reac-
tion that may include cardiac arrest.

Paroxysmal atrial fibrillation was observed in 5 patients undergo-
ing stem cell transplantation.

Supraventricular tachycardia has been associated with longer hos-
pital stays.

(Truven Health Analytics, 2017)

Trabectedin
(Yondelis®)

Cardiomyopathy (all grades: 
6%; grade 3–4: 4%)

Peripheral edema (all 
grades: 28%; grade 3–4: 
0.8%)

Assess neutrophil count, creatine phosphokinase levels, and liver 
function tests prior to each dose.

Assess LVEF by ECG or MUGA scan prior to initiation of therapy.
Assess for cardiomyopathy, which may be fatal.
Delay next dose for up to 3 weeks in the presence of LVEF < LLN 

or clinical evidence of cardiomyopathy.
Reduce next dose by 1 dose level for adverse event during the 

prior cycle in the presence of absolute decrease of ≥ 10% from 
baseline to < LLN, or clinical evidence of cardiomyopathy.

Once dosage has been reduced, it should not be increased in sub-
sequent cycles.

Permanently discontinue trabectedin for symptomatic cardiomy-
opathy or persistent left ventricular dysfunction that does not 
recover to LLN within 3 weeks.

(Truven Health Analytics, 2017)

Antimetabolites Azacitidine Atrial fibrillation (< 5%)
Cardiorespiratory arrest 

(< 5%)
Chest pain (16.4%)
CHF (< 5%)
Dilated cardiomyopathy 

(< 5%)
Heart failure (< 5%)
Hypertension (8.6%)
Hypotension (6.8%)
Pericarditis

Monitor coadministration with other cardiotoxic medications.
Toxicity usually is self-limiting and responds to a drug holiday.
(Celgene Corp., 2012; Truven Health Analytics, 2017)

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Antimetabolites 
(cont.)

Capecitabine
(Xeloda®)

Cardiotoxicity
Chest pain
Edema (33%)
Takotsubo cardiomyopathy
Vasospasm 

Monitor for MI, ischemia, angina, dysrhythmias, cardiac arrest, 
cardiac failure, sudden death, ECG changes, and cardiomyopa-
thy, all of which have been observed with use of this agent.

Assess for chest pain, even in patients with no prior history, as 
it has been observed in patients within the first few doses of 
capecitabine in combination with other chemotherapy, radiation 
therapy, or both. Patients may have elevated ST intervals but 
may also show no signs of ischemia on ECG or stress echo.

These adverse events may be more common in patients with a 
prior history of coronary artery disease.

Assess for edema, particularly in patients undergoing combination 
therapy with docetaxel, for whom rates were highest.

Interrupt drug if grade 2–3 adverse reactions occur; discontinue 
drug for grade 4 toxicity.

Takotsubo cardiomyopathy is a reversible condition character-
ized by transient apical and midventricular wall motion; patients 
may present with radiating chest pain, nausea and vomiting, and 
shortness of breath.

(Truven Health Analytics, 2017)

Clofarabine
(Clolar®)

Edema (12.2%)
Hypertension (13%)
Hypotension (29%)
Pericardial effusion (7.8%)
Tachycardia (35%) 

Monitor for hypotension and tachycardia, which may be indica-
tive of cytokine release syndrome or systematic inflammatory 
response syndrome.

Monitor cardiac function during the 5 days of clofarabine adminis-
tration.

Evaluate for signs and symptoms of cytokine release and systemic 
inflammatory response syndrome (e.g., tachypnea, tachycar-
dia, hypotension, pulmonary edema) that can lead to systemic 
inflammatory response syndrome, capillary leak syndrome, and 
organ failure.

Discontinue drug if hypotension occurs during infusion.
Cardiotoxicities were most commonly observed among pediatric 

patients with relapsed or refractory acute lymphoblastic leukemia 
or acute myeloid leukemia.

(Truven Health Analytics, 2017)

5-Fluorouracil
(5-FU; Adru-
cil®)

Cardiotoxicity (1.2%–18%)
 • Acute coronary syndrome
 • Angina pectoris
 • Cardiogenic shock
 • Cardiomyopathy
 • Heart failure
 • MI
 • ST-T abnormalities on 
ECG

Assess for signs and symptoms of acute coronary syndrome, 
which may include radiating chest pain, diarrhea, and vomiting.

Assess for nausea, vomiting, diaphoresis, and signs of ECG 
changes that may occur with angina; angina pain may occur 
within hours of receiving a second or third dose but may be 
associated with the first dose.

Assess for angina attacks with rechallenge of the drug.
Assess for cardiotoxicities during continuous infusion of the drug.
Monitor for ST segment changes on ECG.
Withhold treatment if cardiotoxicity occurs.
Perform an ECG prior to each administration.
Treatment-induced cardiotoxicity may be treated prophylactically 

or therapeutically with long-acting nitrates or calcium channel 
blockers.

Patients at higher risk for developing cardiotoxicity include those 
with heart disease, electrolyte disturbances, or radiation expo-
sure to the heart.

Incidence of 5-FU cardiotoxicity is dependent on dose and schedule.
Incidence of 10% has been associated with doses > 800 mg/m2/day.
(Fadol & Lech, 2011; Truven Health Analytics, 2017)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Antimetabolites 
(cont.)

Gemcitabine 
hydrochloride

Atrial fibrillation
Capillary leak syndrome
Cardiac dysrhythmia
CHF
MI
Pericardial effusion
Peripheral edema (20%)
Vasculitis

Monitor for hypotension, particularly in patients with an infusion 
time of > 60 minutes or more than once per week.

Assess for tachypnea, pulmonary crackles, and arterial hypox-
emia, which may occur in the presence of atrial fibrillation.

Assess for dyspnea, diffuse swelling, weight gain, and hypotension, 
which may occur in the presence of capillary leak syndrome.

Discontinue treatment in the presence of capillary leak syndrome, 
which may occur in monotherapy or combination therapy.

Radiation therapy is not recommended during or within 7 days of 
infusion.

(Truven Health Analytics, 2017)

Pemetrexed
(Alimta®)

Chest pain (up to 5%) Monitor patients for and educate patients and families about signs 
and symptoms of chest pain, which have been observed in com-
bination with cisplatin.

(Truven Health Analytics, 2017)

Pentostatin
(Nipent™)

Chest pain (3%–10%)
Hypotension (3%–10%)
Peripheral edema (3%–

10%)

Monitor patients for and educate patients and families about signs 
and symptoms of cardiac complications, which have been observed 
in patients treated with pentostatin for hairy cell leukemia.

(Truven Health Analytics, 2017)

Anthracyclines Daunorubicin CHF (50%–80% mortal-
ity rate)

Tachycardia
Supraventricular arrhyth-

mias
Heart block
ECG abnormalities (e.g., 

ST-T changes)

Assess for pericarditis and myocarditis, which have been reported 
with treatment.

Monitor cardiac function via ECG or ejection fraction prior to each 
treatment course and following treatment to assess for acute and 
late effects.

Cardiac monitoring in children should include echo and radionuclide 
angiocardiography, with at least 1 of these tests consistently per-
formed throughout treatment.

The Cardiology Committee of the Children’s Cancer Study Group 
suggests the following monitoring schedule during and after 
treatment:

 • During therapy
 – Perform baseline cardiac assessment with an ECG, echo, 
and, when available, a radionuclide angiography (MUGA).

 – Obtain an echo (or a radionuclide angiocardiogram) before 
every other subsequent course of therapy with a cumulative 
dose < 300 mg/m2.

 – Obtain an echo (or a radionuclide angiocardiogram) before 
each subsequent course of therapy above a cumulative dose 
of 300 mg/m2 with mediastinal irradiation < 1,000 cGy.

 – Obtain an echo and radionuclide angiocardiogram before 
each subsequent course of therapy above a cumulative dose 
of 300 mg/m2 with mediastinal irradiation > 1,000 cGy.

 – Obtain an echo and radionuclide angiocardiogram before 
each subsequent course of therapy above a cumulative dose 
of 400 mg/m2 in the absence of mediastinal irradiation.

 • After therapy
 – Obtain an echo at 3–6 months and 12 months after therapy 
completion. An ECG and radionuclide angiocardiogram should 
be performed at 1 year following therapy completion.

 – For patients with normal cardiac function in the 1-year post-treat-
ment period, follow-up ECG and echo should be performed every 
2–3 years, with a radionuclide angiocardiogram and 24-hour con-
tinuous taped ECG performed every 5 years post-treatment.

 – For patients with abnormal cardiac function in the 1-year post-
treatment period, follow-up ECG and echo should be performed 
yearly, with a radionuclide angiocardiogram and 24-hour continu-
ous taped ECG performed every 5 years post-treatment.

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Anthracyclines 
(cont.)

Daunorubicin 
(cont.)

Treatment with anthracycline-based therapy should be avoided for 
up to 7 months after completing trastuzumab.

Cardiotoxicity risk is associated with cumulative doses > 400–550 
mg/m2 in adults, 300 mg/m2 in children older than 2 years, and 
10 mg/kg in children younger than 2 years.

Acute or subacute toxicity may occur within 1–23 days after treat-
ment and is not related to cumulative dose, with delayed toxicity 
occurring months to years after treatment.

CHF may be irreversible and resistant to treatment with digitalis.
Cardiotoxicity risk increases with history of radiation to the chest 

wall, age > 70 years, underlying heart disease or hypertension, 
and history of or concurrent administration with other anthracy-
clines or cardiotoxic agents (e.g., trastuzumab).

Infants or young children appear to be at higher risk for cardiotox-
icity than adults.

(Truven Health Analytics, 2017)

Daunorubicin 
and cytarabine 
liposome
(Vyxeos™)

Cardiac dysrhythmia (30%)
Cardiotoxicity (non-conduc-

tion related; 20%)
Edema (51%)
Hypertension (18%)
Hypotension (20%)

Assess cardiac function prior to starting drug and each treatment 
cycle using an ECG, echo, or MUGA scan.

Monitor more frequently if patients are receiving concomitant ther-
apy with other cardiotoxic drugs.

Discontinue use of drug in the presence of impaired cardiac func-
tion unless benefit outweighs the risk.

Drug is not recommended for use in patients with LVEF below nor-
mal limits.

Cardiotoxicity risk is increased with prior anthracycline-based ther-
apy, chest wall irradiation, and history of cardiac disease or con-
comitant use of cardiotoxic drugs.

CHF risk is increased with total cumulative nonliposomal daunoru-
bicin doses > 550 mg/m2.

Avoid use of this drug in patients who have reached a lifetime 
cumulative limit of anthracyclines.

Periodic monitoring with an echo or MUGA scans is recom-
mended.

(Truven Health Analytics, 2017)

Doxorubicin 
liposomal
(Doxil®)

Cardiomyopathy (Kaposi 
sarcoma; < 1%)

CHF (up to 2%)

Assess for a history of cardiovascular disease, which increases 
risk for cardiac complications.

Assess left ventricular cardiac function via MUGA or ECG at base-
line, during therapy, and after discontinuation to assess for acute 
and delayed toxicities.

Cardiotoxicity risk has been observed with cumulative anthracy-
cline doses of 450–550 mg/m2.

Cardiotoxicity at lower doses may occur in patients who received 
mediastinal irradiation or patients with preexisting heart disease.

Chronic effects seen with cumulative doses approaching 550 mg/
m2 may result in CHF.

(Truven Health Analytics, 2017)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Anthracyclines 
(cont.)

Doxorubicin
(Adriamycin®)

Cardiogenic shock
Cardiomyopathy (1%–20%)
CHF (1%–20%)
ECG abnormality
Heart failure
Left ventricular failure  

(1%–20%)
MI
Myocarditis
Pericarditis
Sinus tachycardia
Tachyarrhythmia

Assess for arrhythmia, which may occur within hours of therapy 
and can be life threatening.

Assess cardiac function via ECG and evaluate for ST-T wave 
changes and atrioventricular and bundle branch block.

Assess for myocarditis or pericarditis, both of which may occur 
during or after therapy.

Assess for tachyarrhythmias, including sinus tachycardia, prema-
ture ventricular contractions, and ventricular tachycardia.

Periodic monitoring with an echo or MUGA scans is recom-
mended.

Protect against cardiotoxicity with dexrazoxane in 10:1 ratio of 
dexrazoxane to doxorubicin. Protective agent is administered by 
rapid infusion 30 minutes prior to doxorubicin.

The National Institute for Occupational Safety and Health recom-
mends the use of double gloves and a protective gown in the prep-
aration and administration of injections. Prepare in a biosafety cab-
inet or a compounding aseptic containment isolator; eye/face and 
respiratory protection may be needed. Prepare compounds in a 
closed-system drug-transfer device. During administration, if there 
is a potential that the substance could splash or if the patient may 
resist, use eye/face protection.

Dexrazoxane as a cardioprotectant is not recommended during 
doxorubicin administration.

Avoid use of CYP3A4, CYP2D6, and P-glycoprotein inhibitors and 
inducers and trastuzumab, which may increase risk of cardiac 
dysfunction.

This drug is contraindicated in patients with a recent MI (within 
4–6 weeks).

Cardiotoxicity risk factors include prior or concomitant radiation 
therapy to the chest wall, previous therapy with other anthracy-
clines or anthracenediones, and concomitant use of other car-
diotoxic drugs. Cardiotoxicity risk is dose dependent.

Cumulative doses > 550 mg/m2 are associated with an increased 
risk of cardiomyopathy.

The maximum recommended cumulative doxorubicin dose in com-
bination with paclitaxel is 340–380 mg/m2.

Fatal cases of cardiotoxicity have occurred at doses < 400 mg/m2 
(all in combination with concurrent administration of cardio- or 
hepatotoxic agents); therefore, cardiac monitoring is imperative 
regardless of dosing.

Continuous infusion administration may allow for higher cumula-
tive dosing of > 450 mg/m2, which have been administered with 
no observed cardiac abnormalities.

Administration using a weekly schedule of 20 mg/m2 was associ-
ated with less cardiac damage than an every-3-week schedule 
of 60 mg/m2.

Prior doses of other anthracyclines or anthracenediones should be 
included when calculating total cumulative doses of doxorubicin.

Delayed-onset, dose-related cardiomyopathy is the most common 
and well-known cardiotoxicity and is likely to be irreversible and 
unresponsive to treatment.

(Truven Health Analytics, 2017)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Anthracyclines 
(cont.)

Epirubicin
(Ellence®)

Atrioventricular block
Bradyarrhythmia
Bundle branch block
Cardiotoxicity
CHF (0.4%–3.3%)
Left ventricular cardiac dys-

function (1.4%–2.1%)
Phlebitis (3%–10%)
Thrombophlebitis
Ventricular tachycardia

Monitor for dysrhythmias, including premature ventricular contrac-
tions, sinus tachycardia, bradycardia, and heart block.

Obtain LVEF at baseline and during treatment with ECG and 
MUGA scan or echo, especially in patients with risk factors for 
increased cardiotoxicity. Continued LVEF evaluation is recom-
mended in patients with previous anthracycline or anthracenedi-
one exposure.

Avoid concomitant use of cardiotoxic agents unless cardiac func-
tion is closely monitored.

Active or dormant cardiovascular disease, prior or concomitant 
radiation to the mediastinal or pericardial area, previous therapy 
with other anthracyclines or anthracenediones, or concomitant 
use of other cardiotoxic drugs may increase cardiotoxicity risk.

In the adjuvant treatment of breast cancer, the maximum cumula-
tive dose used in clinical trials was 720 mg/m2.

Cardiotoxicity may occur at lower cumulative doses regardless of 
whether cardiac risk factors are present.

The probability of developing clinically evident CHF is estimated at 
approximately 0.9% with a cumulative dose of 550 mg/m2, 1.6% 
with 700 mg/m2, and 3.3% with 900 mg/m2.

CHF risk rises rapidly with increasing total cumulative doses > 900 
mg/m2; cumulative dose should be exceeded only with extreme 
caution.

High single doses have been associated with acute myocardial 
ischemia.

Myocardial toxicity, manifested in its most severe form by poten-
tially fatal CHF, may occur either during therapy with epirubicin 
or months to years after termination of therapy.

Cardiomyopathy is notably late in onset, occurring 6 months to 
years after therapy.

(Shaikh & Shih, 2012; Truven Health Analytics, 2017)

Idarubicin
(Idamycin®)

Cardiovascular findings
 • Acute MI
 • Bundle branch block
 • CHF
 • Conduction defects
 • Heart failure
 • LVEF abnormalities
 • Supraventricular extra-
systoles

 • T-wave flattening

Monitor cardiac function closely while on treatment.
Manifestations include ECG changes such as ventricular and supra-

ventricular extrasystoles, bundle branch block, T-wave flattening, 
and conduction defects. Evaluate for anemia and infection prior to 
and during treatment, which may increase cardiotoxicity risk.

Patients receiving concurrent therapy with cardiotoxic agents, 
including trastuzumab, cyclophosphamide, or paclitaxel, should 
have cardiac function closely monitored.

Hold other cardiotoxic agents during treatment unless benefit out-
weighs risk.

Anthracycline use (e.g., trastuzumab, cyclophosphamide, pacli-
taxel) should be held for at least 5 half-lives following treatment 
with idarubicin, and, if used, cardiac function should be closely 
monitored.

Cardiotoxicities may be worsened by previous treatment with 
doxorubicin.

Cardiotoxicity risk may increase with history of preexisting heart 
disease or previous therapy with anthracyclines, anthracenedio-
nes, or other cardiotoxic agents, as well as concomitant or pre-
vious treatment with chest wall irradiation or drugs that suppress 
cardiac contractility.

Drug may be less cardiotoxic than other agents.
CHF has been reported with IV idarubicin when given alone or 

with cytarabine.
(Truven Health Analytics, 2017)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Anthracyclines 
(cont.)

Mitoxantrone Bradyarrhythmia
Cardiovascular abnormali-

ties (4%–15%)
CHF (2.6%)

Monitor patients for bradyarrhythmia, which has been reported as 
low as 38 bpm on day 2 of therapy.

Establish baseline cardiac function.
Monitor cardiac status with ECG. Monitor for cardiac arrhythmias, 

including decreased LVEF, CHF, tachycardia, ECG changes, and 
MI (rare).

Assess cardiac function and LVEF by physical examination, his-
tory, and ECG prior to the start of therapy in all patients and con-
sistently after treatment initiation in patients at elevated risk (e.g., 
history of anthracycline therapy or mediastinal irradiation, preex-
isting cardiovascular disease).

Cardiotoxicity is observed with prolonged administration and at 
doses > 80–100mg/m2. Previous treatment with doxorubicin, 
radiation therapy, or a history of cardiac disease increases risk.

Cardiac dysfunction may be observed in both adult and pediatric 
patients undergoing treatment with mitoxantrone.

Monitor for cardiotoxicity beyond doses of 100 mg/m2.
Maximum dose is considered 160 mg/m2; cardiotoxicity risk 

increases with cumulative dose.
(Truven Health Analytics, 2017)

Antitumor  
antibiotics

Bleomycin Acute chest pain
Arterial thrombosis
Cerebrovascular accident
Coronary arteriosclerosis
Edema (50%)
MI
Raynaud phenomenon

Monitor for signs and symptoms of arterial thrombosis, includ-
ing coronary artery disease and arterial thrombosis, which have 
been observed in patients receiving combination therapy with 
vinblastine and cisplatin.

Assess for acute chest pain during infusion, as it may indicate 
pleuropericarditis.

Assess for edema, particularly in the hands and feet.
Cerebrovascular accident has been noted in combination regi-

mens with bleomycin.
Maximum lifetime dose is 400 units, but lower doses are recom-

mended when administered with other cardiotoxic agents or 
chest irradiation involving the heart.

Perform routine monitoring with echocardiography as maximum 
tolerated dose is approached.

Raynaud phenomenon is observed in monotherapy or combina-
tion therapy with vinblastine with or without cisplatin.

Combination therapy with cisplatin, vinblastine, and etoposide for 
germ cell tumors is associated with severe myocardial complica-
tions.

(Truven Health Analytics, 2017)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Miscellaneous Arsenic  
trioxide

Chest pain (25%)
Complete atrioventricular 

block
CHF
Edema (40%)
Hypertension (10%)
Hypotension (25%)
Palpitations (10%)
Prolonged QT interval (2%–

40%)
Tachycardia (55%)
Torsades de pointes (2.5%)
Ventricular arrhythmia

Assess for QT prolongation, torsades de pointes, and complete 
atrioventricular block, which may be fatal.

Assess for a history of QT-prolonging drugs, torsades de pointes, 
QT-interval prolongation, CHF, current use of potassium-wasting 
diuretics, conditions resulting in hypokalemia or hypomagnese-
mia, or current use of drugs that can cause electrolyte abnormal-
ities, as these can worsen QT prolongation.

Perform an ECG and assess electrolyte levels prior to treatment.
Check 12-lead ECG prior to therapy and hold if QTc is > 500 ms.
Check all electrolytes prior to administration of medication and 

replenish prior to therapy. Potassium should be kept > 4 mEq/L 
and magnesium > 1.8 mEq/L.

Discontinue QT-prolonging agents if possible, and perform fre-
quent cardiac monitoring if not possible.

Consider dose adjustment prior to restarting therapy after QTc 
prolongation occurs.

Drug should not be administered unless the QTc is < 500 ms. 
Therapy can be resumed once the QTc returns to < 460 ms.

QT prolongation with dysrhythmias: Usual onset of QT prolonga-
tion > 0.50 ms was 1–4 weeks after treatment. QT prolongation 
effects may persist up to 8 weeks after therapy.

Complete atrioventricular block has been reported with arsenic tri-
oxide.

Assess for other causes of dysrhythmias prior to administering 
drug.

(Truven Health Analytics, 2017)

Eribulin
(Halaven®)

Hypotension (5%–10% in 
adult patients with liposar-
coma)

Peripheral edema (12%)
QTc prolongation

Monitor for QT prolongation (via ECG) in high-risk patients, includ-
ing those with CHF, bradyarrhythmias, and electrolyte abnormali-
ties and those using QT-prolonging medications.

Monitor for electrolyte abnormalities, and correct hypokalemia or 
hypomagnesemia prior to starting the drug and during its use.

Use with caution in patients with congenital long QT syndrome.
(Truven Health Analytics, 2017)

Plant alkaloids: 
Taxanes

Docetaxel Cardiac dysrhythmia (2%–
8%)

Cardiotoxicity, including left 
ventricular diastolic dys-
function

CHF (2.3% reported in 
combination therapy with 
doxorubicin and cyclo-
phosphamide)

Fluid retention (6.5%–67%)
Hypotension (2% observed 

in hypersensitivity reac-
tions)

Myocardial ischemia (1%–
2%)

Peripheral edema (18%–
34%)

Syncope (2%)
Vasodilation (27% observed 

in combination with doxo-
rubicin and cyclophospha-
mide)

Monitor patients for signs and symptoms of fluid retention, particu-
larly those with preexisting history.

Assess cardiac function by ECG and serum concentration of the 
cardiac neurohormone BNP in patients preparing to undergo 
therapy with this drug.

Premedicate with corticosteroids for 3 days starting 1 day prior to 
each dose; in patients with prostate cancer, oral dexamethasone 
is recommended at 12 hours, 3 hours, and 1 hour before drug 
administration.

Black box warning for fluid retention with a median weight gain 
of 2 kg, with up to 15 kg reported in the presence of multiple 
courses of the drug; may require drug discontinuation.

(Truven Health Analytics, 2017)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Plant alkaloids: 
Taxanes (cont.)

Paclitaxel Atrial fibrillation (< 1% with 
severe conduction abnor-
malities)

Atrioventricular block (< 1%)
Bradyarrhythmia (3%)
Cardiac dysrhythmia (< 1%)
Cardiotoxicity (1%–13% in 

combination with trastu-
zumab and as monother-
apy, respectively)

CHF, including cardiac dys-
function and reduction of 
LVEF

Edema (21%)
Hypotension (9%–17%)
Left ventricular diastolic 

dysfunction
MI
Supraventricular tachycar-

dia (< 1%)
Ventricular arrhythmia 

(< 1%)

Obtain a baseline ECG, history and physical, and cardiac assess-
ment before treatment.

Monitor vital signs frequently, especially during the first hour of 
infusion.

Perform continuous cardiac monitoring during infusion in patients 
with history of serious cardiac conduction abnormalities.

Cardiac dysrhythmia may require pacemaker placement.
Premedication with corticosteroids plus diphenhydramine and an 

H2 antagonist (e.g., ranitidine) is recommended, with dosing and 
route of administration varying based on drug administration.

Drug has a black box warning for hypersensitivity reactions, 
including hypotension, which may be fatal.

Asymptomatic bradycardia has been observed during infusion 
even in patients with no known cardiac history or risk factors.

Patients who have undergone treatment with other anthracyclines 
may be at increased risk for cardiotoxicity.

Ventricular tachycardia and ventricular ectopy have been observed 
in combination therapy with paclitaxel.

(Truven Health Analytics, 2017)

Plant alkaloids: 
Vinca alkaloids

Vinblastine Angina pectoris (rare)
Cardiovascular autonomic 

neuropathy, including 
abnormal variations in 
heart rate and blood pres-
sure

ECG abnormalities, poten-
tially associated with coro-
nary ischemia

Hypertension
MI
Raynaud phenomenon

Most presentations are rare, but patients should be monitored 
for signs and symptoms of cardiac dysfunction, including ECG 
changes and variations in blood pressure and heart rate.

(Truven Health Analytics, 2017)

Vincristine Angina pectoris (rare)
Cardiovascular autonomic 

neuropathy, including 
abnormal variations in 
heart rate and blood pres-
sure

Hypertension
Hypotension
MI

Most presentations are rare, but patients should be monitored 
for signs and symptoms of cardiac dysfunction, including ECG 
changes and variations in blood pressure and heart rate.

(Truven Health Analytics, 2017)

Vinorelbine
(Navelbine®)

MI (rare) Most presentations are rare, but patients should be monitored for 
signs and symptoms of cardiac dysfunction.

(Truven Health Analytics, 2017)

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents

Small molecule 
inhibitors

Afatinib
(Gilotrif®)

Diastolic dysfunction, 
including left ventricular 
dysfunction, and ventric-
ular dilation (2.2% in afa-
tinib-treated patients vs. 
0.9% in chemotherapy-
treated patients)

Most presentations are rare, but patients should be monitored for 
signs and symptoms of cardiac dysfunction.

Discontinue drug in the presence of symptomatic diastolic dys-
function.

(Truven Health Analytics, 2017)

Alectinib
(Alecensa®)

Bradyarrhythmia (8.6%–
11%)

Fatal cardiac arrest 
reported in 1 patient in 
clinical trials

Fatal endocarditis (0.4%)

Monitor patients for signs and symptoms of cardiac dysfunc-
tion, particularly bradycardia, which may require dose reduction, 
pause in therapy, or discontinuation.

Monitor heart rate and blood pressure regularly. Advise patients to 
report any changes in heart or blood pressure medication.

Dosing may be reinstated with recovery to asymptomatic bradycar-
dia or to a heart rate of at least 60 bpm.

Discontinue drug in the presence of recurrent bradycardia.
(Truven Health Analytics, 2017)

Axitinib
(Inlyta®)

Heart failure (2%; grade 
3–4: 1%)

Hypertension (40%; grade 
3–4: 16%)

Hypertensive crisis (< 1%)

Monitor patients for signs and symptoms of cardiac dysfunction, 
particularly heart failure and hypertension, including hyperten-
sive crisis, which may require dose reduction, pause in therapy, 
or discontinuation.

Monitor for hypertension (> 150 mm Hg systolic; > 100 mm Hg 
diastolic), which has been reported, particularly in patients 
with renal cell carcinoma. Onset of hypertension occurred at a 
median of 1 month after treatment initiation, although blood pres-
sure increases have occurred as early as 4 days after initiation.

Blood pressure should be well controlled prior to starting this drug; 
monitor blood pressure regularly during therapy.

(Truven Health Analytics, 2017)

Bortezomib
(Velcade®)

Heart disease (15%)
Heart failure (5%)
Hypertension (6%)
Hypotension (12%–15%)
Peripheral edema (7%)

Closely monitor patients with existing heart disease or risk factors 
for heart disease during therapy.

Assess for cardiac dysfunction, including development or exacer-
bation of CHF and new-onset decreased LVEF, which have been 
observed, even in patients with no prior history of cardiac abnor-
malities.

Hypotension, including orthostatic and postural hypotension, has 
been reported; risk is increased with concurrent use of medi-
cations that can cause hypotension, a history of syncope, and 
dehydration. Management may include adjustment of antihyper-
tensive medications, hydration, and administration of mineralo-
corticoids (e.g., fludrocortisone) and/or adrenergic agents (e.g., 
epinephrine).

(Truven Health Analytics, 2017)

Bosutinib
(Bosulif®)

Chest pain (7%–12%)
Edema (17%–20%)
Hypertension (1% to 

< 10%)
Pericardial effusion (1% to 

< 10%)
Pericarditis (0.1% to < 1%)
Prolonged QT interval (1% 

to < 10%)

Monitor for signs of fluid retention, which may present as pericar-
dial effusion, pleural effusion, pulmonary edema, or peripheral 
edema.

Consider dose reductions or temporary interruptions of therapy for 
symptomatic pericardial effusions.

(Truven Health Analytics, 2017)

(Continued on next page)



376

Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Brigatinib
(Alunbrig®)

Bradyarrhythmia (5.7%–
7.6%)

Hypertension (11%–21%)

Assess and control blood pressure prior to start of therapy; moni-
toring is recommended, and therapy interruption, dosage reduc-
tion, or discontinuation may be required.

Measure blood pressure 2 weeks after initiation and at least 
monthly thereafter during use.

Measure heart rate regularly throughout treatment and more fre-
quently in patients requiring concomitant therapy known to cause 
bradycardia.

For patients with symptomatic bradycardia (heart rate < 60 bpm), 
hold drug until the patient is asymptomatic with resting heart rate 
of ≥ 60 bpm.

If drug is anticipated to be the primary or monotherapeutic source 
of bradycardia, resume dosing at the next lowest efficacious 
level.

Permanently discontinue drug if no contributing concomitant med-
ication is identified or if bradycardia is recurrent or unresponsive 
to therapy.

For patients with grade 3 hypertension (SBP ≥ 160 mm Hg or DBP 
≥ 100 mm Hg), initiate antihypertensive therapy.

Withhold drug until hypertension has recovered to grade 1 or less 
(SBP < 140 mm Hg and DBP < 90 mm Hg), then restart with 
next lower dose.

If grade 3 hypertension recurs, withhold therapy until recovery to 
grade 1 or less and resume at next lower dose.

Permanently discontinue drug in presence of recurrent grade 3 or 
higher hypertension.

(Truven Health Analytics, 2017)

Cabozantinib
(capsules: 
Cometriq®; tab-
lets: Cabome-
tyx®)

Hypertension (33%–39%)
Hypotension (7%)

Monitor blood pressure before treatment initiation and regularly 
during therapy.

Discontinue drug in the presence of malignant hypertension, 
hypertensive crisis, or persistent uncontrolled hypertension 
despite medical management.

Hypertension may require drug pause, dose reduction, or discon-
tinuation.

Hypertension is one of the most common adverse events leading 
to dose reduction in patients with renal cell carcinoma.

(Truven Health Analytics, 2017)

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Carfilzomib
(Kyprolis®)

Cardiac arrest (> 10% com-
bination therapy; > 20% 
monotherapy)

Chest wall pain (11.4%)
CHF (> 10% combination 

therapy; > 20% mono-
therapy)

Heart failure (> 10% com-
bination therapy; > 20% 
monotherapy)

MI (> 10% combination 
therapy; > 20% mono-
therapy)

Myocardial ischemia (> 10% 
combination therapy; 
> 20% monotherapy)

Peripheral edema (16%–
20%)

Restrictive cardiomyopathy
Venous thrombosis (9%–

13% combination therapy; 
2% monotherapy)

Monitor patients for signs and symptoms of cardiac dysfunction, 
especially those that may require dose reduction, pause in ther-
apy, or discontinuation.

Monitor for volume overload, particularly in patients with risk fac-
tors for cardiac failure.

Monitor for signs or symptoms of cardiac failure or cardiac isch-
emia, and evaluate promptly.

Hypertension, hypertensive crisis, and hypertensive emergency 
have been reported and included fatalities; monitoring is rec-
ommended, and dosage interruption or discontinuation may be 
required.

Adjust total fluid intake as appropriate in patients with baseline 
cardiac failure or risk factors for cardiac failure.

Withhold treatment for grade 3–4 cardiac adverse events, and con-
sider restarting at a reduced dose after resolution, if appropriate.

Risk of cardiac complications is increased in individuals aged 75 
years or older, with NYHA class III or IV heart failure, recent MI, 
or uncontrolled conduction abnormalities.

New or worsening cardiac failure (e.g., CHF, pulmonary edema, 
decreased LVEF), restrictive cardiomyopathy, myocardial isch-
emia, and MI have been reported, with potential for fatality.

Fatal cardiac arrest within 1 day of carfilzomib administration has 
been reported.

(Truven Health Analytics, 2017)

Ceritinib
(Zykadia®)

Bradyarrhythmia (1%)
Cardiac tamponade (rare 

but can be fatal)
Prolonged QT interval 

(12%)

Monitor ECGs and electrolytes in patients treated with QT-prolong-
ing drugs or with concurrent electrolyte abnormalities, bradyar-
rhythmias, or CHF.

Perform periodic ECGs in patients at risk for QT interval prolon-
gation (i.e., CHF, bradyarrhythmias, electrolyte abnormalities, or 
concomitant QT-prolonging drugs).

Advise patients to report any changes in heart or blood pressure 
medication.

Withhold drug in presence of prolonged QT interval until recovery 
to baseline, then resume with a reduced dose; may require per-
manent discontinuation if condition persists.

Permanently discontinue if QTc interval prolongation occurs with 
torsades de pointes, polymorphic ventricular tachycardia, or seri-
ous arrhythmia.

Drug may cause concentration-dependent increases in the QTc 
interval, resulting in increased risk for ventricular tachyarrhyth-
mias (e.g., torsades de pointes) or sudden death.

Drug should not be used in patients with congenital long QT syn-
drome.

Monitor heart rate and blood pressure regularly during treatment.
(Truven Health Analytics, 2017)

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Cobimetinib
(Cotellic®)

Cardiomyopathy, including 
decreased symptomatic 
or asymptomatic cardiac 
ejection fraction

Hypertension (15%)

Evaluate LVEF prior to initiation of treatment, 1 month after initia-
tion, and every 3 months thereafter.

Drug may require pause, dose reduction, or discontinuation based 
on recovery of ejection fraction.

When resuming treatment after interruption or dose reduction, 
monitor LVEF after 2 weeks, 4 weeks, 10 weeks, and 16 weeks, 
and as clinically indicated.

Median time to onset was 4 months, and median time to resolution 
was 3 months for decreased ejection fraction; resolution often is 
to above the LLN or within 10% of baseline.

(Truven Health Analytics, 2017)

Crizotinib
(Xalkori®)

Bradyarrhythmia (5%–14%)
Edema (31%–49%)
Prolonged QT interval 

(2.1%–6%)

Regularly monitor heart rate and blood pressure.
Consider periodic monitoring with ECG and electrolytes in patients 

with risk factors for QT prolongation.
Perform baseline and periodic monitoring of electrolytes with a 

potassium goal of 4 mEq/L and magnesium goal of 2 mEq/L.
Withhold treatment if symptomatic bradycardia occurs; treatment 

may be resumed when heart rate is ≥ 60 bpm.
Permanently discontinue drug in the presence of life-threatening 

bradycardia.
Use with caution in patients with higher risk of developing pro-

longed QT interval or with baseline cardiac disease, including 
congenital long QT syndrome.

Interrupt treatment for QTc > 500 ms on at least 2 separate ECGs. 
May resume at a reduced dose following recovery to QTc ≤ 480 
ms.

Discontinue use if QTc > 500 ms develops (or a 60 ms or more 
increase from baseline) with torsades de pointes or polymor-
phic ventricular tachycardia or signs and symptoms of serious 
arrhythmia.

Edema can intensify with combination treatment with pemetrexed 
plus cisplatin.

(Truven Health Analytics, 2017)

Dabrafenib
(Tafinlar®)

Cardiomyopathy (2.9%–6%)
Deep vein thrombosis (up 

to 7%)
Peripheral edema (17%–

31%)
Prolonged QT interval (2%–

13%)

Assess LVEF by ECG or MUGA scan prior to treatment, 1 month 
after initiation of treatment, and every 2–3 months following.

Monitor for QT prolongation of > 500 ms, which has been 
reported.

Cardiomyopathy may require dose interruption (reported in 2.4% 
of patients on monotherapy and 4.4% on combination therapy), 
dose reduction, or discontinuation (reported in 1% of patients).

Withhold treatment for symptomatic cardiomyopathy or asymp-
tomatic left ventricular dysfunction of > 20% from baseline and 
below LLN.

Resume treatment at same dose level.
Median time to onset of cardiomyopathy was 4.4 months (mono-

therapy) and 8.2 months (combination therapy with dabrafenib 
plus trametinib).

Incidence of deep vein thrombosis and pulmonary embolism is 
increased when dabrafenib is used in combination with tra-
metinib.

(Truven Health Analytics, 2017)

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Dasatinib
(Sprycel®)

CHF or cardiac dysfunction, 
including acute cardiac 
failure, cardiomyopathy, 
diastolic and left ventricu-
lar dysfunction, ventricular 
failure, and decreases in 
ejection fraction (2%–4%)

Edema (generalized: 
1%–4%; localized/superfi-
cial: 3%–22%)

Palpitations (1%–10%)
Pericardial effusion (3%–

4%)
Prolonged QT interval (1%)
Tachyarrhythmia (1%–10%)
Ventricular arrhythmia 

(< 1%)

Monitor patients for signs and symptoms of cardiac dysfunction, 
which may require dose reduction, pause in therapy, or discon-
tinuation.

Assess for signs and symptoms of fluid retention, which is one of 
the most commonly reported adverse events but appears less 
frequently with once daily dosing.

Use with caution in patients who have or may develop QTc prolon-
gation (maximum mean change in QTcF from baseline ranged 
7–13.4 ms), including patients with hypokalemia or hypomag-
nesemia, those who are receiving antiarrhythmic medications 
or other medications that prolong the QT interval, or those who 
have had high cumulative doses of anthracyclines.

Correct hypokalemia and hypomagnesemia prior to therapy initi-
ation.

(Truven Health Analytics, 2017)

Ibrutinib
(Imbruvica®)

Atrial fibrillation and flutter 
(6%–9%)

Hypertension (6%–17%)
Peripheral edema (12%–

25%)

Monitor patients for signs and symptoms of cardiac dysfunction, 
which may require dose reduction, pause in therapy, or discon-
tinuation.

Perform ECG in patients who develop arrhythmic symptoms (e.g., 
palpitations, light-headedness) or new-onset dyspnea.

Conduct periodic clinical monitoring for atrial fibrillation, especially 
in older adult patients.

Monitor for uncontrolled or new-onset hypertension.
Atrial fibrillation was one of the most common grade 3–4 nonhe-

matologic adverse reactions in mantle cell lymphoma trials.
Incidence of atrial fibrillation is increased in patients with cardiac 

risk factors, hypertension, acute infections, and a previous his-
tory of atrial fibrillation.

(Truven Health Analytics, 2017)

Imatinib  
mesylate
(Gleevec®)

Cardiac tamponade
Cardiogenic shock
Chest pain (7%–11%)
CHF (up to 1%)
Edema
Heart failure
Hypotension (11%)
Palpitations (up to 5.2%)
Pericardial effusion
Pericarditis
Peripheral edema (up to 

33%)
Tachycardia (up to 1%)

Weigh patients regularly, and monitor for signs and symptoms of 
fluid volume overload.

Monitor for signs and symptoms of cardiac dysfunction, which may 
require dose reduction, pause in therapy, or discontinuation.

Monitor ECG and serum troponin levels for signs and symptoms 
of hypereosinophilic syndrome and cardiac involvement, which 
have been associated with cardiogenic shock and left ventricu-
lar dysfunction.

Assess for CHF in older adult patients and those with a history of 
coronary disease.

Assess for edema, including potential for pleural effusion, peri-
cardial effusion, pulmonary edema, and ascites, with superficial 
edema most prominent in the lower extremities.

In patients with chronic myeloid leukemia, edema risk is increased 
in those receiving high-dose therapy and those older than age 
65.

Manage edema with a pause in therapy and diuretic agents.
Cardiogenic shock can be reversible when managed with systemic 

steroids, circulatory support, and interruption of imatinib treat-
ment.

Prophylactic concurrent use of systemic steroids 1–2 mg/kg for 
1–2 weeks may be indicated if either ECG or troponin is abnor-
mal at the initiation of imatinib therapy.

(Truven Health Analytics, 2017)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Lapatinib
(Tykerb®)

Depression of left ven-
tricular systolic function 
(1.52%–3.98%; grade 
3–4: < 1%)

Heart failure
Prolonged QT interval
Torsades de pointes
Variant angina (< 1%)
Ventricular arrhythmia

Monitor for signs and symptoms of cardiac dysfunction, partic-
ularly QT interval prolongation, and decreased LVEF, which 
may require dose reduction, pause in therapy, or discontinu-
ation.

Confirm normal LVEF before beginning drug.
Obtain baseline cardiac evaluation with echo or MUGA scan.
Assess for prolonged QT interval in patients with hypokalemia or 

hypomagnesemia, congenital long QT syndrome, concomitant 
use of antiarrhythmic agents or other agents that lead to QT pro-
longation, or cumulative high-dose anthracycline therapy.

Discontinue treatment in patients with a decreased LVEF that is 
grade 2 or greater and in patients with an LVEF that drops below 
LLN.

May rechallenge at a reduced dose if after 2 weeks the LVEF has 
recovered to normal and the patient is asymptomatic.

Monitor and correct for hypomagnesemia and hypokalemia to 
reduce risk of QT prolongation.

Evaluate and correct electrolyte abnormalities prior to the start of 
and during treatment, specifically hypokalemia and hypomagne-
semia, to reduce risk for prolonged QT interval.

(Truven Health Analytics, 2017)

Lenvatinib
(Lenvima®)

Hypertension (42%–73%)
Hypotension (9%)
Myocardial dysfunction 

(7%–10%)
Peripheral edema (21%–

42%)
Prolonged QT interval (9%–

11%)

Monitor for signs and symptoms of cardiac dysfunction, particu-
larly QT interval prolongation, hypertension, and decreased ven-
tricular function, which may require dose reduction, pause in 
therapy, or discontinuation.

Monitor blood pressure and correct at baseline, prior to treatment 
initiation, and monitor after 1 week, then every 2 weeks for the 
first 2 months, and then at least monthly thereafter during treat-
ment.

Monitor ECG in patients with congenital long QT syndrome, 
CHF, bradyarrhythmias, and concomitant use of drugs that 
prolong the QT interval (including class Ia and III antiarrhyth-
mics).

Monitor for and correct electrolyte abnormalities in all patients.
Hold treatment for grade 3 hypertension despite optimal antihy-

pertensive therapy, grade 3 cardiac dysfunction, and QT prolon-
gation > 500 ms. Treatment may be resumed at a reduced dose 
when hypertension is controlled at grade 2 or lower; cardiac dys-
function improves to grade 0, 1, or baseline; or when QT prolon-
gation improves to < 480 ms or baseline.

Discontinue treatment in the presence of life-threatening hyperten-
sion or grade 4 cardiac dysfunction.

(Truven Health Analytics, 2017)

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Nilotinib
(Tasigna®)

Hypertension (10%–11%)
Ischemic heart disease 

(5%–9.4%)
MI (< 1%)
Pericardial effusion (< 1%)
Peripheral arterial occlusive 

disease (2.9%–3.6%)
Peripheral edema (9%–

15%)
Prolonged QT interval 

(< 10%)
Sudden death due to car-

diotoxicity (0.3%; likely 
due to ventricular repolar-
ization)

Monitor for signs and symptoms of cardiac dysfunction, particu-
larly QT interval prolongation, which may require dose reduction, 
pause in therapy, or discontinuation.

Assess ECG at baseline, 7 days after treatment initiation, with 
dose adjustments, and periodically thereafter.

Assess lipid profiles and glucose periodically during the first year 
of treatment and at least once a year with long-term therapy.

Evaluate potential for drug interactions if statin treatment is war-
ranted.

Evaluate cardiovascular status at baseline, and monitor risk fac-
tors during therapy.

Avoid concomitant use with CYP34A inhibitors because of risk for 
prolonged QT intervals.

Instruct patients to avoid eating 2 hours before and 1 hour after 
administration because of risk for prolonged QT intervals.

Dose reduction may be necessary if inhibitors must be given, and 
the QTc should be monitored closely.

Avoid concomitant use of drugs known to prolong QT interval.
Dose modifications are required based on the severity of the 

adverse reaction.
Monitor for and correct hypomagnesemia and hypokalemia to 

reduce risk of QT prolongation.
Drug has a black box warning for QT interval prolongation that 

may progress to torsades de pointes; it should be avoided in 
patients with long QT syndrome, hypokalemia, hypomagnese-
mia, and QT prolongation, which may be fatal.

(Truven Health Analytics, 2017)

Niraparib
(Zejula®)

Hypertension (20%)
Palpitations (10%)
Peripheral edema (1%–

10%)
Tachycardia (1%–10%)

Monitor for signs and symptoms of cardiac dysfunction, particu-
larly hypertension, which may require dose reduction, pause in 
therapy, or discontinuation.

Monitor blood pressure and heart rate monthly for the first year 
and periodically thereafter, especially in patients with cardiovas-
cular disorders (e.g., coronary insufficiency, cardiac arrhythmias, 
hypertension).

Administer antihypertensives, which may require dose adjustment 
of niraparib.

(Truven Health Analytics, 2017)

Osimertinib
(Tagrisso®)

Cardiomyopathy (1.9%)
Decreased cardiac ejection 

fraction (4%)
Prolonged QT interval 

(0.7%)

Monitor for signs and symptoms of cardiac dysfunction, particu-
larly QTc prolongation and cardiomyopathy, which may require 
dose reduction, pause in therapy, or discontinuation.

Assess for cardiomyopathies, including cardiac failure, CHF, 
decreased LVEF, or pulmonary edema, which may be fatal.

Closely monitor patients with congenital long QT syndrome, CHF, 
electrolyte abnormalities, or concomitant use of medications 
that can prolong the QTc interval, and discontinue therapy in the 
presence of life-threatening arrhythmia.

Permanently discontinue therapy in patients with symptomatic 
CHF or persistent, asymptomatic left ventricular dysfunction that 
does not resolve within 4 weeks.

Assess LVEF at baseline and every 3 months following with ECG 
or MUGA.

(Truven Health Analytics, 2017)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Panobinostat
(Farydak®)

Cardiac dysrhythmia (12%)
ECG T-wave abnormalities 

(40%)
Hemorrhage (grade 3–4: 

4%)
Hypertension (< 10%)
Hypotension (< 10%)
MI (< 4%)
Orthostatic hypotension 

(< 10%)
Palpitations (< 10%)
Peripheral edema (29%)
ST segment depression 

(22%) 

Monitor for signs and symptoms of cardiac dysfunction, particu-
larly cardiac dysrhythmias, which may require dose reduction, 
pause in therapy, or discontinuation.

Monitor electrolytes during treatment, and correct abnormalities as 
clinically indicated.

Assess for ECG changes, which may include ST segment depres-
sion and T-wave abnormalities and prolongation of cardiac ven-
tricular repolarization (QT interval).

Do not initiate therapy in patients with recent MI or unstable 
angina or in patients with a QTcF > 450 ms or clinically signifi-
cant baseline ST segment or T-wave abnormalities.

Avoid concomitant use with antiarrhythmics (e.g., amiodarone, 
disopyramide, procainamide, quinidine, sotalol) or drugs known 
to prolong the QT interval (e.g., bepridil, chloroquine, clarithro-
mycin, halofantrine, methadone, moxifloxacin, pimozide).

Obtain an ECG at baseline and periodically to monitor for abnor-
malities.

Drug has a black box warning for severe and fatal cardiac isch-
emic events, including severe arrhythmias, and ECG changes 
that may be exacerbated by electrolyte abnormalities.

(Truven Health Analytics, 2017)

Pazopanib
(Votrient®)

Bradyarrhythmia (2%–19%)
Chest pain (5%–10%)
CHF (1%)
Heart failure
Hypertension (40%; grade 

3–4: 4%–7%)
Left ventricular cardiac dys-

function (0.6%–8%)
MI (2%)
Peripheral edema (14%; 

grade 3: 2%)
Prolonged QT interval 

(0.2%–2%)
Torsades de pointes (< 1%)

Perform baseline and periodic monitoring of electrolytes with a 
potassium goal of 4 mEq/L and magnesium goal of 2 mEq/L.

Control preexisting hypertension before beginning pazopanib ther-
apy.

Monitor for cardiac dysfunction, including signs and symptoms of 
CHF and decreased LVEF, as well as QT prolongation.

Consider periodic monitoring with ECG in patients with risk factors 
for QT prolongation.

Use with caution in patients with higher risk of developing pro-
longed QT interval or with baseline cardiac disease.

Dose reduction is permitted if hypertension persists despite sup-
portive antihypertensive therapies; persistent or severe hyper-
tension may require discontinuation of therapy.

Avoid use of pazopanib in patients with a recent (within 6 months) 
arterial thromboembolic event.

(GlaxoSmithKline, 2013; Nguyen & Shayahi, 2012; Truven Health 
Analytics, 2017)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Ponatinib
(Iclusig®)

Arterial ischemia (11%–
42%)

Atrial fibrillation (7%)
Bradyarrhythmia (1%)
Cardiac dysrhythmia (19%)
Heart failure (6%–15%)
Hypertension (53%–71%)
Myocardial ischemia (21%)
Peripheral artery occlusive 

disease (12%)
Peripheral edema (13%–

22%)

Monitor for signs and symptoms of cardiac dysfunction, particu-
larly cardiac ischemia, infarction, or hypertension, which may 
require dose reduction, pause in therapy, or discontinuation.

Assess patients with hypertension for confusion, headache, chest 
pain, or shortness of breath, which may require urgent clinical 
intervention.

Frequently assess and manage blood pressure prior to and dur-
ing treatment.

Hold therapy to evaluate patients with signs and symptoms of 
abnormal heart rate, including rapid heart rate in the presence of 
atrial fibrillation and slow heart rate in the presence of bradyar-
rhythmia.

Interrupt treatment and consider evaluating for renal artery steno-
sis if significant worsening, labile, or treatment-resistant hyper-
tension occurs.

Cardiac vascular occlusions requiring revascularization proce-
dures have occurred, including life-threatening and fatal MI and 
coronary artery occlusion.

Interrupt or discontinue treatment immediately if arterial occlusion 
is suspected.

Consider risks versus benefits before restarting therapy.
Drug has a black box warning for arterial occlusion (i.e., MI, 

stroke, stenosis of large arteries of the brain, severe peripheral 
vascular disease), venous occlusive events, and life-threatening 
or fatal heart failure and left ventricular dysfunction.

Arterial ischemia includes cardiovascular, cerebrovascular, and 
peripheral vascular ischemia.

Atrial fibrillation was the most common arrhythmia reported during 
clinical trials, and approximately 50% of cases were grade 3–4.

Additional grade 3–4 arrhythmia events included syncope, tachy-
cardia, bradycardia, QT prolongation, atrial flutter, supraventric-
ular tachycardia, ventricular tachycardia, atrial tachycardia, com-
plete atrioventricular block, cardiorespiratory arrest, loss of con-
sciousness, and sinus node dysfunction, with some patients 
requiring hospitalization.

Fatal and life-threatening arterial occlusions may occur within 2 
weeks of initiation and at dosages as low as 15 mg/day; median 
time to first onset is 193 days, so monitoring should be long term 
for these patients.

Risk factors include hypertension, hyperlipidemia, and preexisting 
cardiac disease, and event frequency increased with age. Occlu-
sions also occurred in patients without cardiovascular risk factors 
and in patients aged 50 years or younger.

Peripheral arterial occlusive events requiring revascularization pro-
cedures have occurred, including fatal mesenteric artery occlu-
sion and life-threatening peripheral arterial disease. Digital or 
distal extremity necrosis requiring amputation has also occurred.

The median time to onset of the first peripheral vascular arterial 
occlusive event was 478 days.

(Truven Health Analytics, 2017)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Regorafenib
(Stivarga®)

Hypertension (30%–59%; 
grade 3–4: 8%–28%)

Hypertensive crisis (0.25%)
MI (1.2%)
Myocardial ischemia (1.2%)

Patients should be monitored for signs and symptoms of cardiac 
dysfunction, particularly cardiac ischemia, infarction, or hyper-
tension, which may require dose reduction, pause in therapy, or 
discontinuation.

Blood pressure should be adequately controlled prior to initiation 
of drug and monitored weekly for the first 6 weeks during ther-
apy, then at least every cycle. Drug should be temporarily with-
held or permanently discontinued in patients with severe or 
uncontrolled hypertension.

(Truven Health Analytics, 2017)

Ribociclib
(Kisqali®)

Peripheral edema (12%)
Prolonged QT interval (3%)
Sudden cardiac death 

(0.3%)
Syncope (2.7%)

Monitor for signs and symptoms of cardiac dysfunction, partic-
ularly prolongation of QT interval, electrolyte imbalances, and 
syncope, which may require dose reduction, pause in therapy, or 
discontinuation.

Assess ECG prior to initiation, during therapy, and as clinically 
indicated, as ECG changes have been observed within first 4 
weeks of treatment and were reversible with dose interruption.

Monitor serum potassium, calcium, phosphorus, and magnesium 
prior to initiation, during therapy, and as clinically indicated.

Prolongation of the QT interval, which is drug concentration 
dependent, can result in sudden death.

Avoid use of ribociclib in patients with preexisting QT prolongation 
or those at risk (e.g., long QT syndrome, recent MI, CHF, unsta-
ble angina, bradyarrhythmias). Avoid concomitant use of drugs 
known to prolong the QT interval. Correct any electrolyte abnor-
malities prior to starting therapy to avoid QT prolongation.

(Truven Health Analytics, 2017)

Romidepsin
(Istodax®)

ECG changes (QT prolon-
gation)

ECG ST segment changes 
(2%–63%)

Hypotension (7%–23%)
QTc prolongation (at least 

2%)
Supraventricular arrhyth-

mia (6%)
Ventricular arrhythmia (4%)

Monitor INR more frequently in patients receiving concurrent war-
farin therapy.

ECG changes, including T-wave and ST segment changes, have 
been reported; prior to administration, confirm that potassium 
and magnesium levels are within normal limits.

Monitor for ECG changes in patients with congenital long QT syn-
drome, a history of significant cardiovascular disease, or con-
comitant use of antiarrhythmic or QT-prolonging agents, for 
whom these risks are elevated.

Obtain baseline and periodic ECGs.
Monitor for and correct electrolyte abnormalities.
(Truven Health Analytics, 2017)

Sorafenib
(Nexavar®)

Cardiac dysrhythmia (< 1%)
CHF (1.9%)
Edema
Heart failure exacerbation
Hypertension (19.1%; grade 

3–4: 4.3%)
Hypertensive crisis (< 1%)
MI (1.9%–2.9%)
Myocardial ischemia 

(1.9%–2.9%)
Prolonged QT interval 

(< 0.1%)

Monitor for signs and symptoms of cardiac dysfunction, particu-
larly cardiac ischemia, hypertension, and MI, which may require 
dose reduction, pause in therapy, or discontinuation. Monitor for 
QT interval prolongation in patients with CHF, bradyarrhythmias, 
electrolyte abnormalities, and concomitant use of other drugs 
known to prolong the QT interval.

Monitor blood pressure weekly for the first 6 weeks of treatment, 
then every 2–3 weeks for the duration of treatment.

Avoid use in patients with congenital long QT syndrome.
Hypertension can be severe and potentially persistent.
Treat preexisting hypertension with standard hypertensive agents 

before treatment initiation.
In the presence of prolonged QT interval, monitor ECGs and elec-

trolytes (i.e., magnesium, calcium, potassium) in at-risk patients, 
and interrupt treatment with QTc interval > 500 ms or increases 
from baseline ≥ 60 ms.

(Truven Health Analytics, 2017)

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Sunitinib
(Sutent®)

Aortic dissection (rare but 
potentially fatal)

Heart failure (up to 2%)
Hypertension (15%–39%)
Left ventricular cardiac dys-

function (11%–27%)
Peripheral edema (10%–

24%)
Prolonged QT interval
Thromboembolic disorder
Torsades de pointes 

(< 0.1%)

Monitor for signs and symptoms of cardiac dysfunction, particu-
larly CHF and hypertension, which may require dose reduction, 
pause in therapy, or discontinuation.

Monitor for cardiotoxicity (e.g., myocardial disorders, cardiomyop-
athy), especially in patients with a history of cardiac events, pul-
monary embolism, cerebrovascular accident, or transient isch-
emic attack.

Monitor for LVEF changes 20%–50% of baseline, which may occur 
without clinical evidence of CHF; monitoring is recommended.

Patients with a history of QT interval prolongation, relevant pre-
existing cardiac disease, bradycardia, electrolyte disturbances, 
or concomitant use of antiarrhythmics or strong CYP3A4 inhib-
itors may experience QT interval prolongation and torsades de 
pointes.

Obtain baseline LVEF prior to initiation of drug, especially in 
patients with cardiac risk factors.

Monitor for and correct hypomagnesemia and hypokalemia to 
reduce risk of QT prolongation.

Monitor blood pressure weekly for the first 6 weeks, then periodi-
cally throughout therapy. Standard antihypertensive agents are 
recommended for management of hypertension.

Therapy breaks have been effective for resolution of hypertension.
Hypertension seems to be related to presence of proteinuria, and 

both usually are present prior to cardiac failure.
Halt all therapy if symptomatic myocardial ischemia or manifesta-

tions of CHF occur temporally related to drug administration.
(Truven Health Analytics, 2017)

Temsirolimus
(Torisel®)

Chest pain (16%)
Edema (35%)
Hypertension (7%)
Venous thromboembolism 

(2%)

Assess for angioedema, which has been reported in combination 
with ACE inhibitors or calcium channel blockers.

Monitor for signs and symptoms of angioedema and for elevations 
in blood pressure.

Treatment-induced or intensified hypertension may require man-
agement with one or more antihypertensive agents.

(Hall et al., 2013; Truven Health Analytics, 2017)

Trametinib
(Mekinist®)

Bradyarrhythmia (up to 
10%)

Cardiomyopathy (6%–9%)
Hypertension (15%–26%)
Peripheral edema

Monitor for signs and symptoms of cardiac dysfunction, which may 
require dose reduction, pause in therapy, or discontinuation.

Assess LVEF by echo or MUGA scan before initiating treatment, 1 
month after initiation, and at 2–3-month intervals thereafter dur-
ing therapy.

Monitor for cardiomyopathy, defined as a decrease in LVEF below 
the institutional LLN with an absolute decrease in LVEF > 10% 
below baseline, which has occurred with the use of this drug as 
both monotherapy and in combination regimens.

Median time to onset of cardiomyopathy was 2.1 months with 
monotherapy and 6.7–8.2 months with combination therapy; 
therefore, patients should have long-term monitoring for this tox-
icity.

Withhold treatment in patients with LVEF > 10% below baseline; 
however, treatment may be resumed at a lower dosing level if 
LVEF improves to normal value.

Permanently discontinue treatment for symptomatic cardiomyop-
athy or persistent, asymptomatic LVEF dysfunction (> 20% from 
baseline and is < LLN) that does not resolve within 4 weeks.

(Truven Health Analytics, 2017)

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Vandetanib
(Caprelsa®)

Heart failure (0.9%)
Hypertension (all grades: 

33%; grades 3–4: 5%)
Prolonged QT interval (all 

grades: 14%; grades 3–4: 
8%)

Monitor for and correct hypocalcemia, hypomagnesemia, and 
hypokalemia to reduce risk of QT prolongation. Correct these 
electrolyte abnormalities prior to treatment initiation.

Monitor for QT prolongation, torsades de pointes, ventricular 
tachycardia, and sudden death at baseline, during initiation of 
treatment, and at dose escalation.

Therapy is contingent on QTc; treatment should not be initiated if 
> 450 ms.

If QTcF interval > 500 ms during therapy, temporarily discontinue 
therapy, and resume at reduced dose.

Hold drug in the presence of Common Terminology Criteria for 
Adverse Events (National Cancer Institute Cancer Therapy Eval-
uation Program, 2017) grade 3 or greater toxicity; resume at 
reduced dose.

Heart failure and hypertension, including hypertensive crisis, has 
been reported, which may require holding, dose modifying, or 
discontinuing the drug.

Do not use in patients with history of or active torsades de pointes, 
bradyarrhythmias, or uncompensated heart failure.

Use is contraindicated in patients with congenital long QT syndrome.
Avoid concomitant use of drugs that prolong QT interval (e.g., clar-

ithromycin, chloroquine, dolasetron, granisetron, haloperidol, 
methadone, moxifloxacin, pimozide), or perform more frequent 
ECG monitoring if use is necessary.

(Truven Health Analytics, 2017)

Vemurafenib
(Zelboraf®)

Atrial fibrillation (< 10%)
Cardiac tamponade
Hypertension (36%)
Peripheral edema (17%–

23%)
Prolonged QT interval 

(55%)
Vasculitis (< 10%)

To reduce risk of QT prolongation, monitor for and correct hypocal-
cemia, hypomagnesemia, and hypokalemia.

Obtain ECGs at baseline, 15 days after the start of treatment, 
monthly during the first 3 months of treatment, and then at least 
every 3 months.

Assess for QT prolongation, which may increase the risk of tors-
ades de pointes and other ventricular arrhythmias.

Hold treatment in patients with uncorrectable electrolyte abnormal-
ities, corrected QT interval of > 500 ms, congenital long QT syn-
drome, or concomitant use of products known to prolong the QT 
interval.

Withhold treatment in patients who develop grade 3 corrected QT 
interval prolongation (i.e., more than 500 ms). May restart at a 
reduced dose in patients who improve to corrected QT interval 
prolongation of grade 2 or better (i.e., ≤ 500 ms).

Permanently discontinue treatment if QTc remains above 500 ms 
and more than 60 ms higher than baseline values (after con-
trolling for electrolyte abnormalities, CHF, bradyarrhythmias, or 
other cardiac risk factors).

(Truven Health Analytics, 2017)

Vorinostat
(Zolinza®)

MI
Peripheral edema (12.8%)
Prolonged QT interval
Syncope

Monitor electrolytes, including potassium, magnesium, and cal-
cium, every 2 weeks during the first 2 months of therapy and then 
monthly, and more frequently in symptomatic patients (e.g., with 
nausea, vomiting, diarrhea, fluid imbalance, or cardiac symptoms).

Use in combination with warfarin may lead to elevated INR. Moni-
tor INR frequently.

Teach patients methods to reduce risk of venous thromboembo-
lism: drink fluids and maintain mobility.

Consider thromboprophylaxis for patients with additional risks for 
venous thromboembolism.

(Truven Health Analytics, 2017)

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Ziv-aflibercept
(Zaltrap®)

Angina pectoris
Decreased ejection fraction
Heart failure
Hypertension (41%; grade 

3: 19%; grade 4: 0.2%)

Monitor for signs and symptoms of cardiac dysfunction, which may 
require dose reduction, pause in therapy, or discontinuation.

Monitor blood pressure every 2 weeks or more frequently as indi-
cated.

Treat with appropriate antihypertensive therapy (Regeneron Phar-
maceuticals, Inc., 2013).

Hold dosing if recurrent or severe hypertension occurs, and restart 
at a lower dose once blood pressure is controlled.

(Truven Health Analytics, 2017)

Immunotherapy Agents

Checkpoint 
inhibitors 
(CTLA-4)

Ipilimumab
(Yervoy®)

Heart failure with reduced 
ejection fraction

Immune-mediated myo-
carditis (severe or fatal: 
0.2%)

Immune-mediated peri-
carditis (severe or fatal: 
0.2%–1%)

Monitor for signs and symptoms of heart failure, including reduced 
ejection fraction.

Steroid therapy (1–2 mg/kg/day) may be used in the presence of 
immune-mediated myocarditis and pericarditis; however, severe 
presentation may require drug discontinuation.

(Truven Health Analytics, 2017)

Chimeric anti-
gen receptor 
T-cell immuno-
therapy

Tisagenlecleu-
cel (Kymriah®)

Hypertension (19%)
Hypotension (31%)
Tachycardia (26%)

Establish baseline cardiac status and monitor for acute changes.
(Truven Health Analytics, 2017)

Cytokines: Cell 
signaling mole-
cules

Epoetin alfa
(Procrit®)

Cardiovascular events 
(14%–18%), including MI, 
stroke, and CHF

CHF (6.6%–9%)
Edema (1%–3%)
MI (0.8%–2.8%)
Hypertension (incidence 

varies based on indica-
tion; surgery: 3%–6%; 
chronic kidney disease: 
13.7%–27.7%)

Monitor for hemoglobin rate increase of > 1 g/dl over a 2-week 
period, which may increase risk for death, MI, stroke, and CHF.

Use the lowest dose sufficient to reduce need for blood transfu-
sions.

Reduce or withhold dosing if blood pressure cannot be therapeuti-
cally controlled.

Drug has a black box warning that it may increase risk of serious 
cardiovascular and thromboembolic events.

(Truven Health Analytics, 2017)

Filgrastim
(G-CSF; 
Neupogen®)

Capillary leak syndrome
Chest pain (13%)
Syncope (resulting in loss 

of consciousness: 15%)

Assess for signs and symptoms of capillary leak syndrome, includ-
ing hypotension, hypoalbuminemia, edema, and hemoconcentra-
tion, as this presentation may be life threatening.

In the presence of capillary leak syndrome, which may be life threat-
ening, discontinue the drug and initiate methylprednisolone.

Capillary leak syndrome may require management in the intensive 
care setting.

(Truven Health Analytics, 2017)

Pegfilgrastim
(PEG-G-CSF)

Capillary leak syndrome Assess for signs and symptoms of capillary leak syndrome, includ-
ing hypotension, hypoalbuminemia, edema, and hemoconcentra-
tion, as this presentation may be life threatening.

In the presence of capillary leak syndrome, which may be life threat-
ening, discontinue the drug and initiate methylprednisolone.

Capillary leak syndrome may require management in the intensive 
care setting.

(Truven Health Analytics, 2017)

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Immunotherapy Agents (Cont.)

Cytokines: Cell 
signaling mole-
cules (cont.)

Sargramostim
(GM-CSF; 
Leukine®)

Capillary leak syndrome 
(< 1%)

Cardiac dysrhythmia
Chest pain (15%)
Edema (bone marrow trans-

plant: 15%; acute myeloid 
leukemia: 25%)

Hypertension (34%)
Hypotension
Left bundle branch block 

(rarely observed)
Pericardial effusion (4%–

25%)
Pericarditis
Supraventricular arrhythmia
Tachycardia (11%)

Assess for signs and symptoms of capillary leak syndrome, includ-
ing hypotension, hypoalbuminemia, edema, and hemoconcen-
tration.

Establish baseline cardiac status and monitor for acute changes.
Use with caution in patients with history of fluid retention, pulmo-

nary infiltrates, or CHF.
Discontinue drug in presence of arrhythmias.
Diuretic therapy may be indicated for fluid retention/edema.
(Truven Health Analytics, 2017)

Cytokines:
Interferons

Interferon alfa-
2b
(Intron-A®)

Cardiac dysrhythmia (< 5%)
Cardiomegaly (< 5%)
Cardiomyopathy (< 5%)
Chest pain (1%–28%, var-

ies by diagnosis)
Coronary artery disorder 

(< 5%)
Heart failure (< 5%)
Hypotension (< 5%)
MI
Raynaud disease (< 5%)
Supraventricular arrhythmia
Tachycardia (< 5%)
Vasculitis

Monitor closely for signs and symptoms of cardiac complications.
Obtain ECGs prior to and during therapy for patients with preex-

isting cardiac abnormalities and patients who are in advanced 
stages of cancer.

Discontinue drug in the presence of severe or life-threatening 
symptoms.

Use with caution in patients with a history of cardiovascular dis-
ease.

(Truven Health Analytics, 2017)

Interferon alfa-
2b (pegylated; 
Sylatron™)

Angina pectoris
Bundle branch block (4%)
Cardiac dysrhythmia
Cardiomyopathy
Chest pain (6%–8%)
Heart failure
Hypotension
MI (4%)
Pericarditis
Supraventricular arrhyth-

mia (4%)
Tachycardia
Ventricular tachycardia (4%)

Assess for history of cardiovascular disease, including MI or 
arrhythmic disorder, which is associated with an increased risk 
for cardiovascular adverse events.

Monitor for signs and symptoms of cardiotoxicity.
In patients with a history of significant or unstable cardiac disease, 

do not treat with combination peginterferon/ribavirin.
Permanently discontinue drug if new onset of ventricular arrhyth-

mia or cardiovascular decompensation occurs.
Use with caution in patients with history of cardiac dysfunction.
(Truven Health Analytics, 2017)

Interferon-
gamma
(IFN-gamma; 
Actimmune®)

Cardiac dysrhythmia
Heart failure
Hypotension
MI
Syncope

Assess for signs and symptoms of cardiac dysrhythmia, includ-
ing supraventricular tachycardia, atrial flutter, sinus tachycardia, 
premature ventricular contractions, heart block, and ventricular 
tachycardia.

Monitor for signs and symptoms of cardiotoxicity and adjust dos-
age or discontinue drug as indicated.

Preexisting cardiac conditions, including ischemia, CHF, or 
arrhythmia, may be exacerbated by flu-like symptoms (e.g., 
fever, chills) from higher-than-recommended doses.

Cardiotoxicity generally is reported in the presence of doses > 100 
mcg/m2 administered 3 times weekly.

(Truven Health Analytics, 2017)

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Immunotherapy Agents (Cont.)

Cytokines: 
Interleukins

Aldesleukin
(IL-2; Proleu-
kin®)

Atrial arrhythmia (grade 4: 
< 1%)

Blood pressure alteration 
(11%)

Bradyarrhythmia (< 1%)
Capillary leak syndrome
Cardiac arrest (1%)
Cardiac dysrhythmia (10%)
CHF (11%)
Coronary artery thrombosis
Disorder of cardiovascular 

system (11%)
ECG waveform abnormali-

ties (11%)
Edema (15%)
Endocarditis (fatal)
Hypotension (71%; grade 

4: 3%)
MI (1%)
Myocardial ischemia (grade 

4: 1%)
Myocarditis
Peripheral edema (28%)
Second-degree atrioventric-

ular block (< 1%)
Supraventricular tachycar-

dia (12%; grade 4: 1%)
Tachycardia (23%)
Vasodilation (13%)
Ventricular premature beats 

(1%)
Ventricular tachycardia (1%)

Monitor for signs and symptoms of capillary leak syndrome, which 
may occur immediately following initiation of treatment and is 
characterized by the following, as observed in clinical trials: 
extravasation of plasma proteins and fluids into the extravas-
cular space, severe hypotension, cardiac arrhythmias, angina, 
MI, respiratory insufficiency requiring intubation, gastrointesti-
nal bleeding or infarction, renal insufficiency, edema, and men-
tal status changes.

Capillary leak syndrome–associated hypotension is characterized 
by a drop in mean arterial blood pressure within 2–12 hours; 
reduced organ perfusion may result in death.

Assess for hypovolemia by catheterization and central pressure 
monitoring.

Monitor serum electrolytes at baseline and daily during treatment.
Monitor vital signs (temperature, pulse, blood pressure, and respi-

ration rate), weight, and fluid intake and output daily.
Monitor cardiac function daily through vital signs monitoring and 

physical assessment.
Discontinue treatment in the event of reduced organ perfusion, 

including altered mental status, decreased urine output, and 
SBP decreases to < 90 mm Hg.

Administer IV fluids with careful monitoring of fluid status. Initiate 
dopamine (1–5 mcg/kg/min) prior to the onset of hypotension; 
phenylephrine hydrochloride (1–5 mcg/kg/min) has also been 
used to stabilize blood pressure.

Pressor therapy may be needed to maintain blood pressure and 
renal output during treatment.

Withhold IL-2 in patients developing ventricular dysrhythmias until 
cardiac ischemia and wall motion can be assessed.

If adverse events occur, drug should be withheld, not dose 
reduced.

Side effects appear to be dose related (Shelton, 2012). Risk 
increases with doses > 100,000 IU/kg (Shelton, 2012). Average 
dose is 600,000 IU/kg (Prometheus Laboratories Inc., 2012).

Most adverse reactions are self-limiting and usually, but not invari-
ably, reverse or improve within 2–3 days of discontinuing ther-
apy.

Electrical changes caused by cytokine immunotherapy usually 
relate to cellular swelling or inflammatory cytokine release caus-
ing disruption of conduction pathways. Capillary permeability and 
hypovolemia enhance the risk of supraventricular tachycardia.

Patients should have normal cardiac, pulmonary, hepatic, and 
central nervous system function at the start of therapy.

Electrical changes associated with immunotherapy agents gen-
erally necessitate temporary discontinuation of the drug. Once 
inflammatory effects have resolved, rechallenge is possible.

(Shelton, 2012; Truven Health Analytics, 2017)

Oprelvekin
(IL-11; Neu-
mega®)

Cardiomegaly (21%)
Edema (59%)
Increased plasma volume
Palpitations (14%)
Syncope (13%)
Tachyarrhythmia (20%)
Ventricular arrhythmia

Monitor for signs and symptoms of cardiotoxicity, and adjust dos-
age or discontinue drug as indicated.

Monitor heart rate, blood pressure, and ECG.
Use with caution in patients with history of atrial arrhythmias, 

thromboembolic disorders, and left ventricular dysfunction or 
CHF.

(Truven Health Analytics, 2017)

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Immunotherapy Agents (Cont.)

Miscellaneous: 
Autologous cel-
lular immuno-
therapy

Sipuleucel-T
(Provenge®)

Hypertension (7.5%) Monitor for signs and symptoms of hypertension, and manage as 
indicated.

Observe patients for at least 30 minutes after each infusion for 
acute infusion reactions, especially those with cardiac or pulmo-
nary conditions.

Miscellaneous: 
Immunomodu-
lators

Lenalidomide
(Revlimid®)

Atrial fibrillation (grade 3–4: 
3.7%)

Cerebrovascular accident 
(1.4%–2.3%)

CHF (grade 3–4: 1.4%)
Edema (10.1%)
Heart failure (1%–10%)
Hypotension (7.1%)
MI (< 5%)
Peripheral edema (20.3%–

26.3%)
Syncope (1.4%–2.8%)
Tachycardia (1.7%)

Establish baseline blood pressure, heart rate and regularity, and 
ECG findings to identify drug-related changes.

Monitor heart rate, rhythm, and blood pressure frequently during 
therapy or with new cardiac symptoms. Assess for atrial fibrilla-
tion and CHF, which may be fatal in patients receiving lenalid-
omide in combination with dexamethasone, as observed in 
patients treated for multiple myeloma.

Assess for cerebrovascular accident and MI in patients with mul-
tiple myeloma who have an increased risk of stroke while being 
treated with lenalidomide; risk factors for thrombosis include use 
of erythropoiesis-stimulating agents and estrogen agents.

Assess for thrombosis, which may occur at least 2.7 months after 
treatment, particularly in patients who have not undergone pro-
phylaxis.

Assess for hypotension, edema, syncope, and tachycardia, which 
have been observed in patients treated in combination with 
dexamethasone.

Thromboprophylaxis is recommended during treatment, especially 
for those at elevated risk for stroke; patients should be assessed 
and managed for risk factors for stroke, including hyperlipidemia, 
hypertension, and smoking.

Cardiac failure was observed in patients treated for chronic lym-
phocytic leukemia.

(Celgene Corp., 2013; Truven Health Analytics, 2017)

Thalidomide
(Thalomid®)

Atrial fibrillation (grade 3–4: 
5%)

Bradyarrhythmia (3%)
Cardiac dysrhythmia
Edema (13%–56%; grade 

3: 6%)
Heart failure
Hypotension (3%)
Ischemic heart disease 

(11.1%)
MI (1.3%)
Orthostatic hypotension 

(3%)
Peripheral edema (34%)

Assess for ischemic heart disease, MI, and stroke.
Assess for bradycardia, particularly in patients taking drugs that 

may reduce heart rate, who are at an increased risk for this tox-
icity.

Monitor for hypotensive reaction, including dizziness or orthostatic 
hypotension.

Monitor for signs and symptoms of thromboembolism, which may 
include upper- and lower-extremity swelling, shortness of breath, 
or chest pain.

Assess patients for dizziness, palpitations, or other symptoms of 
dysrhythmias.

Assess for cardiac arrhythmias, including ECG abnormalities, 
atrial fibrillation, bradycardia, tachycardia, sick sinus syndrome, 
and MI.

Treatment may need to be held or discontinued in the presence of 
bradycardia.

Initiate thromboprophylaxis when not contraindicated.
Evaluate for and use drugs that increase risk of thromboembolism 

cautiously.
Cardiotoxicity often is observed in combination with dexametha-

sone.
Bradyarrhythmia and hypotension may result from activation of the 

vasovagal pathway.
(Truven Health Analytics, 2017)

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Immunotherapy Agents (Cont.)

Monoclonal 
antibodies: 
Chimeric

Cetuximab
(anti-EGFR 
antibody; 
Erbitux®)

Cardiorespiratory event 
(2%–3%)

Sudden cardiac death (2%–
3%)

Monitor electrolytes, particularly magnesium, calcium, and potas-
sium levels, throughout treatment and up to 8 weeks after con-
clusion of therapy, and maintain within normal limits.

Monitor for infusion reaction up to 1 hour after infusion; in the 
presence of reaction, monitor until reaction is resolved.

Concomitant use of this drug with radiation (and cisplatin) 
increases the risk of life-threatening events, including cardiac 
events and electrolyte abnormalities.

MI has been observed in patients receiving cetuximab for head 
and neck cancer but was not evident in patients receiving the 
drug for metastatic colorectal cancer.

(Truven Health Analytics, 2017)

Dinutuximab
(anti-GD2 anti-
body; Uni-
tuxin®)

Capillary leak syndrome 
(40%), including fatal 
cases

Edema (17%)
Hypertension (14%)
Hypotension (60%)
Tachycardia (19%)

Monitor blood pressure during infusion.
In moderate to severe cases, hold drug until supportive manage-

ment resolves capillary leak syndrome, after which the drug may 
be restarted at a reduced rate.

In life-threatening cases, withhold drug until next cycle or perma-
nently discontinue if capillary leak syndrome recurs or persists.

In the presence of symptomatic hypotension (SBP < LLN for age 
or decreased by > 15% from baseline), stop therapy and imple-
ment supportive management. Infusion may be reinstated at 
reduced rate 2 hours after symptoms resolve.

Administer IV hydration prior to each infusion.
(Truven Health Analytics, 2017)

Ramucirumab
(anti-VEGFR2 
antibody; 
Cyram za®)

Hypertension (11%–36%)
Hypertension (grade 3 or 

higher: 3% in monother-
apy; 6%–15% in combina-
tion therapy)

Peripheral edema (16%–
25% in combination ther-
apy)

Monitor blood pressure every 2 weeks or more frequently during 
therapy.

Control hypertension before treatment initiation.
Pause treatment until severe hypertension is controlled.
Permanently discontinue therapy for hypertension uncontrolled by 

antihypertensives, hypertensive crisis, or hypertensive enceph-
alopathy.

(Truven Health Analytics, 2017)

Rituximab
(anti-CD20 
antibody; 
Rituxan®)

Cardiac complications 
(29%)

Heart failure
Hypotension (10%)
Peripheral edema (16%)
Supraventricular arrhythmia 

(4.5%)
Vasculitis

Monitor older patients for signs and symptoms of cardiac compli-
cations, including supraventricular arrhythmias, for whom these 
events are more common.

Monitor for changes in blood pressure; however, hypertension has 
primarily been reported in patients with rheumatoid arthritis who 
are being treated with this agent.

Monitor patients with a history of arrhythmia and angina for new-
onset or exacerbated arrhythmia.

Monitor patients with a history of cardiac abnormalities or cardiac 
reactions for infusion reaction, as risk is increased.

Assess for inflammatory skin lesions, which may appear on the 
abdomen and lower extremities and become purpuric, as these 
have been observed in the presence of vasculitis in patients 
treated for B-cell chronic lymphoid leukemia.

Monitor for hypotension, which may be a sign of infusion reaction 
and is most commonly observed during the first infusion or in 
patients with active or history of cardiac or pulmonary conditions 
or adverse events.

Perform cardiac monitoring during infusion for patients with a car-
diac history of arrhythmia or angina or in those who develop sig-
nificant arrhythmia during treatment.

Discontinue drug in the presence of life-threatening cardiac 
arrhythmias.

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Immunotherapy Agents (Cont.)

Monoclo-
nal antibod-
ies: Chimeric 
(cont.)

Rituximab
(anti-CD20 
antibody; 
Rituxan®) 
(cont.)

After symptoms resolve, resume treatment by reducing the infu-
sion rate by 50%.

Risk of potentially fatal cardiac arrhythmia is increased in patients 
with current arrhythmia or history of arrhythmia and angina.

Infusion-related deaths have occurred within 24 hours of infusion.
Infusion-related complications include MI, ventricular fibrillation, 

and cardiogenic shock.
(Biogen Inc. & Genentech, Inc., 2016; Truven Health Analytics, 2017)

Monoclonal 
antibodies: 
Human

Ado-trastu-
zumab emtan-
sine
(anti-HER2 
antibody con-
jugated with 
emtansine; 
Kadcyla®)

Hypertension (5.1%)
Left ventricular cardiac dys-

function (1.8%)
Pulmonary arterial hyper-

tension

Evaluate LVEF prior to treatment initiation and at regular inter-
vals (e.g., every 3 months) during treatment and within 3 weeks 
if LVEF is ≤ 45%.

Drug has a black box warning that reduction of LVEF may occur; 
assess LVEF before, during, and after treatment. Drug may need 
to be held or discontinued if LVEF does not resolve.

(Truven Health Analytics, 2017)

Elotuzumab
(anti-SLAMF7 
antibody; 
Empliciti™) 

Bradycardia (66%)
Decreased systolic arterial 

pressure (28.9%)
Increased diastolic arterial 

pressure (17.3%)
Increased systolic arterial 

pressure (33.3%)
Tachycardia (47.8%)

Monitor for signs and symptoms of cardiotoxicity, and manage 
symptoms as indicated.

Monitor vital signs for changes in blood pressure (increase or 
decrease).

Assess for cardiac abnormalities, particularly in patients receiving 
combination therapy with lenalidomide and dexamethasone, with 
which their presentations have been observed.

(Truven Health Analytics, 2017)

Monoclonal 
antibodies: 
Humanized

Alemtuzumab
(anti-CD52 
antibody; Cam-
path®)

Cardiomyopathy
Chest discomfort (7%)
CHF
Decreased cardiac ejection 

fraction
Peripheral edema (5%)
Tachycardia (8%)

Monitor vital signs before and during infusions.
Monitor for infusion reactions during and for a minimum of 2 hours 

after each infusion, with additional monitoring as indicated for 
patients with conditions that have a higher risk of cardiovascular 
or pulmonary complications.

(Truven Health Analytics, 2017)

Bevacizumab
(anti-VEGF 
antibody; 
Avastin®)

Hypertension (19%–42%; 
grade 3–5: 5%–18%)

CHF (1.6%–4%)
Hypertensive encephalop-

athy
Hypotension (7%–15%)
Ischemic heart disease 

(1%)
Left ventricular cardiac dys-

function (10%)
Peripheral edema (15%)

Monitor for severe hypertension (grade 3–4), for which holding or 
stopping the drug may be necessary.

Monitor for mild or moderate blood pressure elevations, which also 
may be a sign of infusion reaction or posterior reversible enceph-
alopathy syndrome.

Monitor for left ventricular dysfunction and CHF for up to 6 months 
following therapy.

Monitor for hypertensive crisis, particularly in patients with meta-
static renal cell carcinoma receiving combination therapy with 
interferon alfa.

Continue to monitor blood pressure even after discontinuation of 
bevacizumab in patients with hypertension.

Check baseline vital signs, particularly blood pressure, with each 
clinic visit or at least every 2–3 weeks during therapy, with rou-
tine monitoring after treatment.

Discontinue therapy in the presence of CHF.
Initiate antihypertensive therapy with elevated blood pressure, as 

this has been demonstrated to control treatment-related eleva-
tions in blood pressure in most cases.

Hold treatment in the presence of uncontrolled hypertension, and dis-
continue in the presence of hypertensive crisis or encephalopathy.

Temporarily suspend treatment if urine shows 3+ urine dipstick 
reading, particularly if accompanied by hypertension; perform 
24-hour urine collection and analysis in patients with a dipstick 
reading of 2+.

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Immunotherapy Agents (Cont.)

Monoclo-
nal antibod-
ies: Humanized 
(cont.)

Bevaci-
zumab (anti-
VEGF anti-
body; Avastin®) 
(cont.)

Risk of severe hypertension or hypotension is increased in 
patients aged 65 and older with metastatic colorectal cancer.

Hypertension may persist for several weeks after discontinuation 
of bevacizumab.

CHF occurs more frequently in patients who have received prior 
anthracyclines or left chest wall irradiation.

Hypertensive encephalopathy was observed in a patient with 
breast cancer receiving dosing of 3 mg/kg every 2 weeks.

(Truven Health Analytics, 2017)

Pertuzumab
(anti-HER2 
antibody; Per-
jeta®)

CHF (0.9%–4%)
Left ventricular dysfunction 

(3%–7%) 

Assess LVEF prior to initiation of pertuzumab and at regular inter-
vals (e.g., every 3 months) during therapy to ensure that ventric-
ular function is not impaired.

Monitored for hypersensitivity reactions for 60 minutes after first 
infusion and 30 minutes after subsequent infusions.

Withhold pertuzumab if significant decrease in LVEF occurs, then 
reassess within 3 weeks. If it continues to be decreased, discon-
tinue pertuzumab.

LVEF and CHF have been reported and may require therapy inter-
ruption or discontinuation; cardiotoxicity risk is increased with 
prior anthracycline therapy or chest wall irradiation.

(Truven Health Analytics, 2017)

Trastuzumab
(anti-HER2 
antibody; Her-
ceptin®)

Cardiac dysrhythmia (3%)
Edema (4.7%)
Heart failure (0.4%–3.2% 

with adjuvant therapy; 
7%–28% in metastatic 
breast cancer)

Palpitations (3%)
Peripheral edema (5%–

22%)

Perform assessment including cardiac history, physical examina-
tion, and LVEF evaluation by MUGA scan or echo at baseline 
immediately prior to therapy, every 3 months during treatment, 
and every 6 months following treatment, and every 4 weeks if 
drug is held for significant LVEF dysfunction.

Frequently monitor for deteriorating cardiac function.
Assess for asymptomatic decreases in LVEF and symptomatic 

myocardial dysfunction, arrhythmias, hypertension, disabling car-
diac failure, and cardiomyopathy, which have been observed 
during treatment.

LVEF monitoring is of critical importance for patients with the fol-
lowing risks for CHF:

 • Baseline LVEF < 54%
 • Age > 50 years
 • Receiving antihypertensive treatment
 • BMI > 25 kg/m2

Evaluate LVEF before, during, and for at least 2 years after treat-
ment.

Decreases in LVEF may necessitate holding or discontinuing treat-
ment.

Cardiotoxicity contributed to treatment discontinuation in 2.6%–
15% of patients receiving adjuvant therapy with IV trastuzumab.

Cardiac dysfunction risk is increased in patients receiving anthra-
cycline-based therapy during or after treatment with trastu-
zumab.

Advanced age may increase the probability of cardiac dysfunction.
Cardiotoxicity risk is increased in older patients with breast cancer.
Treatment has been associated with cardiac death.
Symptomatic myocardial dysfunction increases 4–6-fold with 

monotherapy or combination therapy, as compared to treatment 
without trastuzumab.

Hold anthracycline-based treatment for at least 7 months after dis-
continuation of trastuzumab.

(Truven Health Analytics, 2017)

(Continued on next page)
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Table 16-1. Cardiotoxicity of Cancer Therapy (Continued)

Classification Drug Side Effects Nursing Considerations

Immunotherapy Agents (Cont.)

Monoclonal 
antibodies: 
Murine

Blinatumomab
(anti-CD19/
CD3 antibody; 
Blincyto®)

Cardiac dysrhythmia, 
including atrial fibrillation, 
atrial flutter, bradycardia, 
sinus bradycardia, sinus 
tachycardia, supraven-
tricular tachycardia, and 
tachycardia (14%)

Edema (18%)

Monitor for signs and symptoms of cardiotoxicity, including capil-
lary leak syndrome, which may result from cytokine release syn-
drome.

(Truven Health Analytics, 2017)

Hormone Therapy Agents

Androgen 
inhibitor

Abiraterone 
acetate (Zyt-
iga®)

Cardiac dysrhythmia (7.2%)
Cardiorespiratory arrest 

(0.5%)
Chest discomfort/pain 

(3.8%; grade 3–4: 0.5%)
Edema (25.1%–26.7%)
Heart failure (2.3%–2.6%)
Hypertension (8.5%–37%)
MI (rare, but may be fatal)
Torsades de pointes

Monitor blood pressure and fluid balance/retention at least monthly 
during therapy.

Monitor serum potassium monthly.
Use with caution in patients who are sensitive to increased blood 

pressure, hypokalemia, or fluid retention. Corticosteroids may be 
coadministered to reduce incidence and severity of edema.

Use with caution in patients with known heart or vascular disease 
known to be compromised by hypertension, hypokalemia, or fluid 
retention.

Heart failure may lead to treatment discontinuation.
(Truven Health Analytics, 2017)

ACE—angiotensin-converting enzyme; BMI—body mass index; BNP—B-type (brain) natriuretic peptide; bpm—beats per minute; CHF—congestive heart 
failure; CTLA-4—cytotoxic T-lymphocyte antigen 4; DBP—diastolic blood pressure; ECG—electrocardiogram; echo—echocardiography; EGFR—epidermal 
growth factor receptor; 5-FU—5-fluorouracil; G-CSF—granulocyte–colony-stimulating factor; GM-CSF—granulocyte macrophage–colony-stimulating factor; 
HER2—human epidermal growth factor receptor 2; IFN—interferon; IL—interleukin; INR—international normalized ratio; IV—intravenous; LLN—lower lim-
it of normal; LVEF—left ventricular ejection fraction; MI—myocardial infarction; ms—milliseconds; MUGA—multigated acquisition; NYHA—New York Heart 
Association; PEG-G-CSF—pegylated granulocyte–colony-stimulating factor; QTc—corrected QT interval; QTcF—corrected QT interval using Fridericia’s 
calculation; SBP—systolic blood pressure; VEGFR2—vascular endothelial growth factor receptor 2
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CHAPTER 17

Pulmonary Toxicities

A. Overview
1. Pulmonary toxicity ranges from reversible 

short-term reactive airway disease to diffuse 
permanent fibrosis and structural destruction.
a) Most side effects are rare, occurring in less 

than 1% of low-risk patients and up to 33% 
in high-risk groups (Balk, 2017; Maldonado 
& Limper, 2018; Schwaiblmair et al., 2012). 
On rare occasions, these toxicities are fatal 
(Abdel-Rahman & Elhalawani, 2015; Chat-
terjee, Pilaka, Mukhopadhyay, Shrinali, & 
Ahmed, 2015; Feldman & Vander Els, 2017; 
Osawa et al., 2015; Qi, Sun, Shen, & Yao, 2015; 
Specks, 2017; Vahid & Marik, 2008).

b) As patients survive increasingly aggressive and 
multimodal therapy and the use of multitar-
geted therapies becomes more commonplace, 
additional pulmonary toxicities are emerging.

c) Interstitial pneumonitis related to immune 
checkpoint inhibitors may also demonstrate 
a unique physiologic mechanism (Shannon, 
2017; Teuwen, Van den Mooter, & Dirix, 2015).

2. Chemotherapy-induced pulmonary toxicities 
are divided into acute, chronic, and indetermi-
nate (undefined) disorders (Schwaiblmair et al., 
2012; Travis et al., 2013).
a) Acute disorders occur within minutes to a few 

months after exposure to the offending agent. 
Toxicities usually have a direct effect on the 
lungs. Many are believed to be at least par-
tially reversible yet may still be fatal in their 
most acute forms. Examples of acute disor-
ders include bronchospasm, hypersensitivity 
pneumonitis, alveolar hemorrhage, differen-
tiation/retinoic acid syndrome, noncardio-
genic pulmonary edema, pulmonary alveo-
lar proteinosis, and interstitial pneumonitis.

b) Chronic disorders occur months to years after 
exposure. Most chronic disorders cause irre-
versible lung injury and may be progressive in 
nature, leading to severe disability or death. 
Examples of chronic lung toxicities include 
progressive interstitial pneumonitis, organiz-

ing pneumonia, pulmonary veno-occlusive 
disease (VOD), and pulmonary fibrosis.

c) Indeterminate lung toxicities are those con-
ditions that are undefined or have an unclear 
trajectory. They may begin with features of 
both acute and chronic disorders and are ulti-
mately defined when the degree of alveolar 
damage is identified.

3. Determining the etiology of pulmonary signs 
and symptoms in patients with cancer can be 
challenging because toxicity can mimic a broad 
spectrum of pathogenic causes, including infec-
tious and neoplastic (Kaner & Zappetti, 2017, 
2018; Maldonado & Limper, 2018; Schwaiblmair 
et al., 2012; Sverzellati et al., 2015; Travis et al., 
2013). Consequently, it is imperative to under-
stand the potential for toxicity and to detect pul-
monary toxicity as early as possible.
a) Common symptoms of pulmonary toxicities 

include dyspnea, tachypnea, exercise intoler-
ance, and increased work of breathing. Some 
disorders also cause fever, substernal discom-
fort, and hypoxemia (Parshall et al., 2012; 
Schwaiblmair et al., 2012; Travis et al., 2013).

b) The primary diagnostic test used to differ-
entiate specific conditions is the computed 
tomography (CT) scan. Although unique 
findings indicate some disorders, histologic 
sampling may be necessary to determine the 
precise pathology (Diederich, 2016; Sverzel-
lati et al., 2015; Torrisi et al., 2011; Travis et 
al., 2013).

B. Interstitial lung disease (ILD)
1. ILD is a heterogeneous group of lung disor-

ders involving damage to the alveoli and sur-
rounding interstitium. ILD includes acute 
chemotherapy-induced pneumonitis, pul-
monary capillary permeability syndrome, 
chemotherapy-related acute respiratory distress 
syndrome, hypersensitivity/eosinophilic pneu-
monitis, cryptogenic (of unknown cause) orga-
nizing pneumonia, pulmonary fibrosis, and pul-
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monary alveolar proteinosis (King, 2017a, 2017b; 
National Cancer Institute Cancer Therapy Eval-
uation Program, 2017; Vande Vusse & Madtes, 
2017; Yakabe et al., 2013).

2. Pathophysiology
a) Postulated pathologic changes (Ryu et al., 

2014; Schwaiblmair et al., 2012; Specks, 2017; 
Travis et al., 2013; Vahid & Marik, 2008)

(1) Injury to lung parenchyma
(2) Inflammation of alveoli, alveolar cell 

walls, interstitial spaces, and terminal 
bronchioles

(3) Release of interleukins and transform-
ing growth factors

(4) Destruction of the alveolar-capillary 
endothelium leading to changes in 
interstitial fibroblasts

(5) Activation of fibroblasts and microfi-
broblasts, which cause collagen depo-
sition in the alveolar interstitium

(6) Pulmonary alveolar proteinosis–
like changes, which may occur with 
long-term interstitial pneumonitis and 
may be linked to severity of disease 
(Nunomura et al., 2016)

b) Disease results predominantly from inflam-
matory features.

(1) Fluid or bloody exudates in alveoli
(2) Fluid between alveoli (interstitial 

spaces) from degradation of the alve-
olar wall

(3) Fibrosis and stiffening of vascular, air-
way, and alveolar walls

c) Immune checkpoint inhibitors create a T-cell 
hyperexpansion with immune hyperactivity 
(Possick, 2017; Shannon, 2017).

(1) Direct interaction of T cells with nor-
mal tissues

(2) High levels of CD4 T-helper cytokines 
and increased migration of cytolytic 
CD8 T cells and organ damage.

(3) Programmed cell death-ligand 2 
(PD-L2) localized to antigen-presenting 
cells (e.g., macrophages) with lung 
toxic effects

(4) Direct lung injury caused by cytokines
d) Resolution results in scarring and fibrosis of 

tissue, beginning in the interstitium and later 
involving the alveolar sacs. Pulmonary fibro-
sis is the chronic continuation of some acute 
pneumonitis syndromes (Travis et al., 2013).

e) Stiff, noncompliant lungs have poor elastic-
ity and cause increased work of breathing.

f) Chronic exposure to chemotherapy agents 
may result in changes in lung connective tis-

sue, obliteration of alveoli, and dilation of 
air spaces, leading to a honeycomb appear-
ance on x-rays and scans (Diederich, 2016; 
Torrisi et al., 2011).

g) Increased pulmonary pressure from connec-
tive tissue and fibrotic banding leads to pul-
monary hypertension, cor pulmonale, and 
heart failure.

h) Cellular mechanisms of injury (Ryu et al., 
2014; Travis et al., 2013)

(1) Direct damage: Some chemother-
apy agents cause direct damage to 
the alveoli and capillary endothelium 
(e.g., high-dose cytarabine or mitomy-
cin C) (Chan & King, 2016; Maldo-
nado & Limper, 2018; Nucci, Nouér, 
& Annaisie, 2015).

(2) Metabolic damage: Cyclophospha-
mide metabolism in the lung leads to 
the formation of alkylating metabolites 
and acrolein, which may cause toxicity 
(Specks, 2017; Vahid & Marik, 2008).

(3) Multikinase inhibitors (e.g., sorafenib), 
including tyrosine kinase inhibitors 
(e.g., imatinib, dasatinib), and epider-
mal growth factor receptor inhibitors 
(e.g., cetuximab, panitumumab) can 
cause injury (Achermann et al., 2012; 
Maldonado & Limper, 2018; Vahid & 
Marik, 2008). Inhibition of the tyrosine 
kinase pathway may affect the alveoli 
and pneumocytes.

(4) Immune checkpoint inhibitors may 
produce a unique physiologic autoim-
mune response that results in inter-
stitial pneumonitis, but exact mech-
anisms of pathology remain unclear 
(Possick, 2017; Shannon, 2017; Teu-
wen et al., 2015).

(5) Acute onset of pulmonary edema 
(nonc a r d io g en ic)  i s  r e l a t e d 
to c y tok ine - induced capi l la r y 
leak syndrome (Binder, Hübner, 
Temmesfeld-Wollbrück, & Schlatt-
mann, 2011; Goebeler & Bargou, 2016; 
Maldonado & Limper, 2017a, 2018; 
Nucci et al., 2015).

(6) Hemorrhagic pneumonitis is parenchy-
mal injury and microvascular bleed-
ing similar to alveolar hemorrhage 
but occurs in both alveolar and inter-
stitial spaces (Balk, 2017; Vion, Pautou, 
Durand, Boulanger, & Valla, 2015).

(7) Hypersensitivity pneumonitis is charac-
terized by an acute, rapid-onset immu-
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nologic alveolar reaction that leads to 
capillary permeability, fluid extravasa-
tion, and lymphocytic or eosinophilic 
infiltration of the alveoli and intersti-
tium, impeding gas exchange (Balk, 
2017; Y.-J. Kim, Song, & Ryu, 2009; 
King, 2017c; Maldonado & Limper, 
2017a, 2018; Mankikian et al., 2014; 
Yakabe et al., 2013).

(8) Cryptogenic organizing pneumonia,
previously called bronchiolitis oblit-
erans organizing pneumonia, is char-
acterized by development of fibrous
connective tissue between and involv-
ing alveolar and bronchiolar spaces,
inflammatory activation of autoim-
mune collagen deposition, and obstruc-
tion of the ventilating airways. This dis-
order may be associated with immune
disorders (e.g., autoimmune diseases,
post-transplant), infectious diseases,
hematologic malignancies, and some
antineoplastic medications (Bellanger 
et al., 2015; Kaner & Zappetti, 2017,
2018; Vande Vusse & Madtes, 2017).
It has been reported in patients with
breast and lung cancer receiving
chemoradiation (Falcinelli et al., 2015; 
Murofushi, Oguchi, Gosho, Kozuka, & 
Sakurai, 2015).

(9) Pulmonary alveolar proteinosis is a
syndrome of phospholipidosis and
frothy exudates of the distal airways.
Although the triggering mechanisms
are not well understood, autoimmune 
activation is suspected. It is charac-
terized by granulocyte macrophage–
colony-stimulating factor (GM-CSF)
deficiency. It has most commonly
been reported after hematopoietic
stem cell transplantation (HSCT),
but it is unclear if it is triggered by
medication exposure or immune def-
icits (Bonella & Campo, 2014; Chan
& King, 2017a; Suzuki & Trapnell,
2016).

3. Incidence: ILD incidence varies based on indi-
vidual patient and medication-related factors.
Pneumonitis syndromes are infrequent.
a) Incidence increases when pulmonary toxic

agents are administered concomitantly with
thoracic radiation (Maldonado & Limper,
2018; Olivier & Peikert, 2017).

b) Incidence is influenced by cumulative dose
with some agents.

c) Combination of agents with similar pul-
monary toxicities may enhance the risk for
adverse effects (Teuwen et al., 2015).

d) Incidence of pneumonitis is higher in specific 
populations, even when equivalent drug expo-
sure has been experienced. Immune check-
point inhibitor therapy–induced pneumoni-
tis is more common among patients with lung
cancer and renal cell cancer than those with 
melanoma (Possick, 2017; Shannon, 2017).

4. Risk factors (Maldonado & Limper, 2017a, 2017b, 
2018; Vahid & Marik, 2008)
a) The anticancer drugs most commonly 

associated with pulmonary toxicity are 
all-trans-retinoic acid (ATRA), bleomycin, 
busulfan, carmustine, cyclophosphamide, 
cytosine arabinoside, everolimus, gem-
citabine, methotrexate, mitomycin C, oxali-
platin, rituximab, and tamoxifen (Maldo-
nado & Limper, 2017a; Mizuno et al., 2012; 
Specks, 2017).

(1) Agents associated with bronchospasm 
include asparaginase, cetuximab, 
etoposide, gemcitabine, oxaliplatin, 
rituximab, taxanes, trastuzumab, and 
vinorelbine (Hospira, Inc., 2017; Mal-
donado & Limper, 2017a; Syrigou et 
al., 2011).

(2) Agents associated with noncardiogenic 
pulmonary edema include blinatu-
momab, cytarabine, gemcitabine, inter-
leukins, and vinca alkaloids (Binder 
et al., 2011; Dhupkar & Gordon, 2017; 
Goebeler & Bargou, 2016; Maldo-
nado & Limper, 2017a, 2018; Nucci et 
al., 2015).

(3) Agents associated with hypersensitiv-
ity pneumonitis include bortezomib, 
docetaxel, gemcitabine, imatinib, 
lenalidomide, methotrexate, oxalipla-
tin, paclitaxel, procarbazine, and tha-
lidomide (Balk, 2017; Gurram, Pulivar-
thi, & McGary, 2013; King, 2017c; 
Maldonado & Limper, 2017a, 2018; 
Mankikian et al., 2014; Toma, Rapo-
port, Burke, & Sachdeva, 2017).

(4) Antineoplastic therapies associated 
with cryptogenic organizing pneumo-
nia include radiofrequency ablation, 
radiation therapy, bleomycin, busul-
fan, everolimus, interferon alfa-1, plat-
inum agents, rituximab, sirolimus, 
tacrolimus, temozolomide, thalido-
mide, and trastuzumab (Bräunlich, Sey-
farth, Frille, & Wirtz, 2015; Maldonado
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& Limper, 2017a, 2018; Olivier & Peik-
ert, 2017; Vande Vusse & Madtes, 2017).

b) Agents associated with nonspecific dys-
pnea include ATRA, azathioprine, cetux-
imab, chlorambucil, chlorozotocin, crizo-
tinib, dasatinib, docetaxel, doxorubicin, erlo-
tinib, etoposide, fludarabine, gemcitabine, 
ifosfamide, imatinib, irinotecan, lenalido-
mide, lomustine, melphalan, mercaptopu-
rine, mitoxantrone, nilotinib, panitumumab, 
pemetrexed, procarbazine, semustine, temo-
zolomide, temsirolimus, thalidomide, trastu-
zumab, vinblastine, and vindesine (Maldo-
nado & Limper, 2017a, 2018).

c) General patient-specific risk factors for ILD 
(King, 2017a; Maldonado & Limper, 2017a; 
Olivier & Peikert, 2017; Takeda et al., 2012)

(1) Age: Because the effectiveness of the 
antioxidant defense system decreases 
with age, susceptibility to pulmonary 
toxicity from certain cytotoxic drugs 
increases significantly after age 70 
(Maldonado & Limper, 2017a).

(2) Tobacco smoking (Keldsen, Jöhnk, & 
Ejlersen, 2016; Margaritopoulos, Vasar-
midi, Jacob, Wells, & Antoniou, 2015; 
Shannon, 2017)

(3) Deteriorating creatinine clearance 
affecting drug clearance has been 
implicated in increased risk for pneu-
monitis and pulmonary fibrosis (Balk, 
2017).

(4) High oxygen concentrations (above 
60% fraction of inspired oxygen), such 
as those used during administration 
of general anesthesia, can enhance 
the pulmonary toxicity of bleomycin 
(Olivier & Peikert, 2017).

(5) Prior lung disease (e.g., chronic 
obstructive pulmonary disease) or 
reduced lung reserve (King, 2017a; 
Willemsen et al., 2016; Xu et al., 2012)

(6) Autoimmune disease enhances release 
of inf lammatory mediators that 
increase drug-related pulmonary tox-
icity (King, 2017a; Teuwen et al., 2015).

(7) Graft-versus-host disease (Abugideiri 
et al., 2016)

d) Treatment-related factors (see Table 17-1)
(1) Thoracic radiation therapy (Abugideiri 

et al., 2016; Maldonado & Limper, 2018; 
Olivier & Peikert, 2017)

(2) Multidrug regimens such as those 
including bleomycin, busulfan, car-
mustine, melphalan, mitomycin, 

cyclophosphamide, or methotrex-
ate (Binder et al., 2011; Desai et al., 
2016; Maldonado & Limper, 2017a, 
2018; Specks, 2017). It has not been 
determined whether any single drug 
is the causative agent or if the interac-
tion of these antineoplastics results in 
enhanced toxicity.

(3) Concurrent chemotherapy and radi-
ation therapy, especially with trans-
plant therapies, bleomycin, carmus-
tine, cyclophosphamide, or doxorubi-
cin, has been associated with intersti-
tial pulmonary pneumonitis (Desai et 
al., 2016; Maldonado & Limper, 2018; 
Olivier & Peikert, 2017; Specks, 2017).

(4) Cumulative dose: Increasing toxicity 
with increasing dose is believed to be a 
result of drug accumulation in the lung 
itself. Two patterns of dose-related pul-
monary toxicity are clinically observed.
(a) A threshold effect: A definite 

increase in risk for pulmonary 
toxicity occurs when a cumulative 
dose is reached.

i. Total lifetime dose of bleo-
mycin exceeding 400 units 
(Feldman & Vander Els, 2017; 
Fresenius Kabi USA, LLC, 
2016a): Recent studies sug-
gest that toxicity may occur 
as early as 180–240 units in 
patients treated for germ 
cell malignancies (Stein, 
Zidan, Charas, Gershuny, & 
Ben-Yosef, 2015).

ii. Busulfan, in the absence of 
other predisposing factors, 
total dose greater than 500 
mg (Aspen Global Inc., 2011)

iii. Mitomycin maximum dose 
of 30 mg/m2 (Chan & King, 
2016)

iv. Lomustine dose greater than 
1,100 mg/m2 (NextSource 
Biotechnology, LLC, 2013)

(b) A linear effect: Risk for the devel-
opment of pulmonary toxic-
ity constantly increases as more 
drug is administered (e.g., car-
mustine [Heritage Pharmaceuti-
cals, 2017]).

(5) Long-term treatment (e.g., busulfan, 
imatinib treatment)

e) Risk factors for direct injury



Chapter 17. Pulm
onary Toxicities

405

Table 17-1. Pulmonary Toxicities of Antineoplastic and Supportive Agents

Classification Drug Incidence Side Effects Nursing Considerations

Chemotherapy Agents

Alkylating 
agents

Busulfan
(IV: Busulfex®; oral: 
Myleran®)

Incidence is rare but serious.
Busulfan is associated with pulmonary dam-

age and pneumonitis. Toxicity occurs in 
2.5%–11.5% of patients, usually those on 
long-term treatment, although it can occur 
more acutely.

Mean time from exposure to interstitial 
pneumonitis toxicity is 4 years (range = 8 
months to 10 years).

Risk increases with total doses > 500 mg, 
concurrent pulmonary toxic medications, 
and preexisting lung disease.

(Aspen Global Inc., 2011; Ranchoux et al., 
2015; Russi & Negrin, 2018)

Interstitial pneumonitis, pulmonary fibrosis, organizing pneu-
monia, pulmonary VOD; insidious-onset cough, dyspnea, 
and low-grade fever; bronchopulmonary dysplasia pro-
gressing to interstitial pulmonary fibrosis (“busulfan lung”)

Bronchopulmonary dysplasia with pulmonary fibrosis is a 
rare but serious complication following chronic busulfan 
therapy.

Chest x-rays show diffuse linear densities, sometimes with 
reticular nodular or nodular infiltrates or consolidation. 
Pleural effusions have occurred.

(Aspen Global Inc., 2011; Maldonado & Limper, 2017a; 
Russi & Negrin, 2018)

Establish baseline pulmonary 
function.

Assess x-rays, PFTs, and CT 
scans as indicated.

Chlorambucil
(Leukeran®)

Incidence is low. Respiratory dysfunction is 
usually reported at high doses but occurs 
at total doses of 540–834 mg.

Onset is 6 months to 3 years after initiation 
of therapy.

(Aspen Global Inc., 2016; Dweik, 2017)

Interstitial pneumonitis, organizing pneumonia, pulmonary 
fibrosis

Pulmonary fibrosis and bronchopulmonary dysplasia in 
patients receiving long-term therapy

Biopsy findings may include T-cell infiltration and alveolitis.
Periodic monitoring of PFTs shows decreased lung volumes 

and reduced DLCO before clinical symptoms.
Toxicity is steroid responsive in < 10% of cases.
(Aspen Global Inc., 2016; Dweik, 2017; Maldonado & 

Limper, 2017a)

Establish baseline pulmonary 
function. 

Cyclophosphamide
(Cytoxan®)

Incidence is rare. Diffuse alveolar dam-
age is the most common manifestation of 
cyclophosphamide-induced lung disease.

In early-onset toxicity occurring within the 
first 48 days, no relationship exists among 
development of lung injury, dose, and 
duration of administration.

Incidence of pulmonary toxicity is reportedly 
increased in patients who have received 
concomitant methotrexate or amiodarone 
and in chronic graft-versus-host disease.

(Specks, 2017)

Interstitial pneumonitis, pulmonary fibrosis, alveolar hemor-
rhage

Edema, fibrosis, alveolar hemorrhage, and fibrin deposi-
tion are thought to be due to accumulation of the alkylating 
agent metabolite acrolein. The metabolite causes lipid per-
oxidation normally cleared by pulmonary antioxidant mech-
anisms, but when accumulated, it erodes the lipid layer 
and causes microvascular damage.

Onset of chronic fibrosis can be 15 weeks to 6 years after 
medication administration.

Interstitial pulmonary fibrosis has been reported in patients 
receiving high doses of cyclophosphamide over a pro-
longed period.

Anaphylactic reactions are associated with death. Possi-
ble cross-sensitivity with other alkylating agents has been 
reported.

Concomitant oxygen delivery 
> 60% FiO2 may exacerbate 
incidence and severity.

Treatment involves discontin-
uing the agent and adminis-
tering steroids, which have 
good to variable response in 
early-onset toxicity. Delayed-
onset interstitial fibrosis with 
pleural thickening is less 
responsive to corticoste-
roids.

(Baxter Healthcare Corp., 
2013; Specks, 2017)

(Continued on next page)
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Classification Drug Incidence Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Alkylating 
agents (cont.)

Cyclophosphamide
(Cytoxan®) (cont.)

One clinical change in PFTs that has been proved signifi-
cantly predictive for cyclophosphamide-induced pulmonary 
toxicity is reduction of DLCO.

(Baxter Healthcare Corp., 2013; McCormack, 2017; Specks, 
2017)

Ifosfamide
(Ifex®)

Interstitial pneumonitis with pulmonary fibro-
sis occurs with variable incidence, with the 
highest incidence of 6% in non-small cell 
lung cancer.

Acute dyspnea with hypoxemia due to tran-
sient methemoglobinemia may occur in 
some patients.

(Maldonado & Limper, 2017a; Vahid & 
Marik, 2008)

Interstitial pneumonitis
Dyspnea, tachypnea, and cough warrant investigation of 

possible pulmonary toxicity.
(Fresenius Kabi USA, LLC, 2016b)

Methemoglobinemia occurs 
because of reactions 
between 4-thioifosfamide 
and glutathione to deplete 
antioxidant reserves.

(Maldonado & Limper, 2017a, 
2018; Vahid & Marik, 2008)

Melphalan
(Alkeran®, 
Evomela®)

Reports of bronchopulmonary dysplasia
Acute hypersensitivity reactions including 

anaphylaxis: 2.4% of 425 patients receiv-
ing the injected drug for myeloma

(GlaxoSmithKline, 2011)

Bronchospasm, interstitial pneumonitis
Pulmonary fibrosis, interstitial pneumonia, bronchospasm, 

and dyspnea can signal rare hypersensitivity reaction, not 
pulmonary toxicity. These patients responded to antihista-
mine and corticosteroid therapy.

(GlaxoSmithKline, 2011; Maldonado & Limper, 2017a)

If a hypersensitivity reaction 
occurs, IV or PO melpha-
lan should not be readmin-
istered because hypersen-
sitivity reactions have been 
reported with PO melphalan.

(GlaxoSmithKline, 2011)

Oxaliplatin
(Eloxatin®)

Pulmonary fibrosis: < 1% of study patients; 
may be fatal

Peak incidence of ILD is > 3–6 months after 
start of therapy but is not clearly cumula-
tive dose related.

Incidence of events increases with com-
bined therapy.

An acute syndrome of grade 3–4 pharyngo-
laryngeal dysesthesia is seen in 1%–2% 
of patients with previously untreated 
advanced colorectal cancer.

Combined incidence of cough, dyspnea, 
and hypoxia was 43% (any grade) and 7% 
(grades 3–4) in the oxaliplatin plus 5-FU/LV 
arm compared to 32% (any grade) and 5% 
(grades 3–4) in the irinotecan plus 5-FU/LV 
arm for patients with previously untreated 
colorectal cancer.

(Maldonado & Limper, 2017a; Sanofi-Aven-
tis U.S. LLC, 2015a)

Dyspnea of uncertain significance, bronchospasm, hyper-
sensitivity pneumonitis, interstitial pneumonitis, pulmonary 
fibrosis, diffuse alveolar hemorrhage, organizing pneumo-
nia

Anaphylactic-like reactions, thought to be related to eosin-
ophilic infiltration of the lungs, are treatable with epineph-
rine, corticosteroids, and antihistamines.

Corticosteroids are of uncertain benefit for interstitial pneu-
monitis, pulmonary fibrosis, or organizing pneumonia.

Rare cases of diffuse alveolar hemorrhage have been fatal.
Previously treated patients experienced subjective sensa-

tions of dysphagia or dyspnea, without laryngospasm or 
bronchospasm (no stridor or wheezing).

(Bellanger et al., 2015; Falcinelli et al., 2015; Sanofi-Aven-
tis U.S. LLC, 2015a; Shogbon et al., 2013; Vahid & Marik, 
2008)

In cases of unexplained respi-
ratory symptoms such as 
nonproductive cough, dys-
pnea, crackles, or radiologic 
pulmonary infiltrates, oxali-
platin should be discontin-
ued until further pulmonary 
investigation excludes ILD 
or pulmonary fibrosis.

 (Sanofi-Aventis U.S. LLC, 
2015a)

(Continued on next page)
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Table 17-1. Pulmonary Toxicities of Antineoplastic and Supportive Agents (Continued)

Classification Drug Incidence Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Alkylating 
agents (cont.)

Temozolomide
(Temodar®)

Dyspnea: 5%–8%; sinusitis: 6%; cough: 5%
Interstitial pneumonitis: Up to 4.8% in 

patients receiving doses > 150–200 mg/m2

(Sun Pharmaceutical Industries, Inc., 2017; 
Vahid & Marik, 2008)

Dyspnea of uncertain significance, bronchospasm, intersti-
tial pneumonitis, organizing pneumonia

Toxicity may be enhanced by pneumocystis prophylaxis with 
trimethoprim-sulfamethoxazole, as incidence seems to 
have increased since introduction of this practice.

Allergic reactions, including rare cases of anaphylaxis, have 
occurred when temozolomide was used with nitrosoureas 
and procarbazine.

Pneumonitis may occur with high doses.
Organizing pneumonia has been treated with methylprednis-

olone 1 mg/kg/day with moderate success.
(Balzarini et al., 2014; T.-O. Kim et al., 2012; Sun Pharma-

ceutical Industries, Inc., 2017) 

Establish baseline pulmonary 
function and reassess with 
any respiratory symptoms. 

Antimetabolites Capecitabine
(Xeloda®)

Dyspnea: 14%
Pulmonary effects are not considered a 

major toxicity but these side effects have 
occurred: dyspnea, cough: 0.1%; epi-
staxis, hemoptysis, and respiratory dis-
tress: 0.1%; and asthma: 0.2%.

Most reported cases have been in combina-
tion with another pulmonary toxic agent, 
such as oxaliplatin.

(Bellanger et al., 2015; Genentech, Inc., 
2016c)

Interstitial pneumonitis, dyspnea, cough, respiratory distress Manage toxicities with symp-
tomatic treatment, dose 
interruptions, and dose 
adjustment. Once dose has 
been adjusted, it should not 
be increased later.

(Genentech, Inc., 2016c)

Cytarabine
(Cytosar®)

Noncardiogenic pulmonary edema in doses 
> 5 g/m2 (6–12 hours after dose)

Incidence is approximately 14% of patients, 
with most (approximately 75%) reversible.

Cytarabine liposomal: No pulmonary data 
exist.

(Breccia et al., 2012; Mayne Pharma Inc., 
2011;  Sigma-Tau Pharmaceuticals, Inc., 
2014; Villa et al., 2014)

Noncardiogenic pulmonary edema (previously known as 
cytarabine syndrome)—a syndrome of sudden respiratory 
distress, rapidly progressing to pulmonary edema, capil-
lary leak syndrome, respiratory failure, and ARDS

(Nucci et al., 2015; Sanz & Montesinos, 2014)

High-resolution CT will show 
diffuse bilateral patchy infil-
trates.

Symptoms may be reduced 
with fluid restrictions.

(Nucci et al., 2015)

(Continued on next page)
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Classification Drug Incidence Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Antimetabolites 
(cont.)

Fludarabine phos-
phate

Cough: 10%–44%; pneumonia: 16%–22%; 
dyspnea: 9%–22%; allergic pneumonitis: 
0%–6%

Rare cases of progression to debilitating or 
fatal pulmonary fibrosis have occurred.

(Hospira, Inc., 2013; Maldonado & Limper, 
2018)

Alveolitis, noncardiogenic pulmonary edema, hypersensitiv-
ity pneumonitis, pulmonary fibrosis

Pulmonary hypersensitivity reactions such as dyspnea, 
cough, and interstitial pulmonary infiltrate have been 
observed.

A clinical investigation using fludarabine phosphate injec-
tion in combination with pentostatin for the treatment of 
refractory chronic lymphocytic leukemia in adults showed 
an unacceptably high incidence of fatal pulmonary toxicity. 
Therefore, this combination is not recommended.

Corticosteroids are of uncertain benefit.
(Hospira, Inc., 2013; Maldonado & Limper, 2018)

Rechallenge after suspected 
toxicity is contraindicated.

Gemcitabine 
hydrochloride
(Gemzar®)

Pulmonary toxicity: 0.2%–13%
Dyspnea: 23% (severe dyspnea in 3%)
Bronchospasm: 0.6%
Parenchymal lung toxicity, including intersti-

tial pneumonitis, pulmonary fibrosis, pul-
monary edema, and ARDS, has been 
reported rarely.

Severe pulmonary toxicities likely to be 
related to bronchospastic events, capillary 
permeability-induced pulmonary edema, 
or diffuse alveolar hemorrhage have been 
reported. These have led to death in 
approximately 0.3% of cases.

Late pulmonary fibrosis has been reported 
in < 1% of patients. Incidence increased to 
2.7% when gemcitabine was administered 
with other pulmonary toxic agents.

Pulmonary hemorrhage has been associ-
ated with a 20% mortality rate.

Radiation recall after thoracic irradiation has 
been reported rarely in patients with lung 
cancer.

(Abdel-Rahman & Elhalawani, 2015; Binder 
et al., 2011; Eli Lilly and Co., 2017; Maldo-
nado & Limper, 2017a; Olivier & Peikert, 
2017; Vahid & Marik, 2008)

Dyspnea of uncertain significance, bronchospasm, eosino-
philic pneumonitis, noncardiogenic pulmonary edema, ILD, 
pulmonary fibrosis, alveolar hemorrhage, pleural effusion, 
pulmonary VOD, radiation recall

Dyspnea, cough, bronchospasm, and parenchymal lung tox-
icity (rare) may occur. If such effects develop, gemcitabine 
should be discontinued. Early use of supportive care mea-
sures may help to ameliorate these conditions.

Respiratory failure and death occurred very rarely in some 
patients despite discontinuation of therapy.

Some patients experienced onset of pulmonary symptoms 
up to two weeks after the last dose.

(Abdel-Rahman & Elhalawani, 2015; Eli Lilly and Co., 2017; 
Kido et al., 2012; Maldonado & Limper, 2018; Qi et al., 
2015; Yakabe et al., 2013)

Prolonged infusion time 
beyond 60 minutes and 
doses more than once 
weekly increase toxicities.

Risk is increased when gem-
citabine is administered with 
other pulmonary toxic med-
ications.

Bronchospasm can be treated 
and resolved with cortico-
steroids. Rechallenge may 
require premedication with 
corticosteroids.

Hypersensitivity skin testing 
has been useful in identifica-
tion of reactions.

(Kuo et al., 2015; Vahid & 
Marik, 2008)

(Continued on next page)
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Table 17-1. Pulmonary Toxicities of Antineoplastic and Supportive Agents (Continued)

Classification Drug Incidence Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Antimetabolites 
(cont.)

Methotrexate Allergic pneumonitis: 1%–33%
Toxicity is not dose related, but patients who 

receive treatment more frequently may be 
more susceptible to lung injury.

(Balk, 2017)

Hypersensitivity pneumonitis, pulmonary fibrosis, organiz-
ing pneumonia; fever, dyspnea, cough (especially dry non-
productive), nonspecific pneumonitis, or chronic inter-
stitial obstructive pulmonary disease (deaths have been 
reported); pulmonary infiltrates

Higher risk for complications is associated with older age, pre-
vious use of disease-modifying immunosuppressive drugs, 
preexisting lung disease, abnormal baseline PFTs, daily 
dosing rather than weekly administration, and decreased 
elimination of methotrexate (e.g., renal insufficiency).

(Balk, 2017; West-Ward Pharmaceuticals Corp., 2017)

Readministration with a 
desensitization protocol has 
been successfully imple-
mented.

(Balk, 2017)

Pemetrexed
(Alimta®)

Postmarketing data show low incidence of 
ILD with variable severity.

Alveolar hemorrhage (rare), ILD, and pleural effusions have 
been reported.

ILD presents initially as dyspnea without pulmonary infil-
trates and is reported within the first through fifth courses 
of therapy.

Pulmonary infiltrates are diffuse with ground-glass opacities.
Pleural effusions occur in 7%–12% of patients and are more 

common if premedication with corticosteroids is not admin-
istered.

(Adhikari et al., 2016; Breuer & Nechushtan, 2012; Hoch-
strasser et al., 2012; Tomii et al., 2017) 

Establish baseline pulmo-
nary function and imaging to 
have for comparison if respi-
ratory symptoms develop.

Discontinue medication with 
respiratory symptoms until 
etiology can be established.

Corticosteroids have been 
used with anecdotal evi-
dence of benefit.

Antitumor  
antibiotics

Bleomycin sulfate
(Blenoxane®)

Average incidence: 10% of treated patients
Dose-related incidence:
 • < 270 units: 0%–2%
 • > 360 units: 6%–18%

Nonspecific pneumonitis progresses to pul-
monary fibrosis and death in approxi-
mately 1% of patients.

More common in patients older than age 
70 receiving a total dose > 400 units, con-
comitant pulmonary toxic agents, renal 
dysfunction, concomitant radiation ther-
apy, or oxygen therapy.

Toxicity may be lower if drug is not given as 
IV bolus.

(Feldman & Vander Els, 2017; Fresenius 
Kabi USA, LLC, 2016a; Specks, 2017; 
Stein et al., 2015)

Hypersensitivity pneumonitis, pulmonary fibrosis, pulmonary 
VOD, organizing pneumonia, spontaneous pneumothorax

Characteristics of bleomycin-induced pneumonitis include 
dyspnea and fine rales.

Bleomycin-induced pneumonitis produces patchy x-ray 
opacities usually of the lower lung fields that look the same 
as infectious bronchopneumonia or even lung metastases 
in some patients.

DLCO may be abnormal before other symptoms appear.
(Feldman & Vander Els, 2017; McCormack, 2017; Stein et 

al., 2015)

Early toxicity may be self-
resolving. Monitor for early 
warning signs of toxicity to 
avoid irreversible pulmonary 
damage.

Chest x-rays should be taken 
every 1–2 weeks. If pulmo-
nary changes are noted, 
treatment should be discon-
tinued.

Exposure to increasing con-
centrations of oxygen—
increasing toxicity warrants 
prudently maintaining oxygen 
levels at room air (25%).

(Feldman & Vander Els, 2017; 
Fresenius Kabi USA, LLC, 
2016a; Stein et al., 2015)

(Continued on next page)
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Classification Drug Incidence Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Antitumor  
antibiotics 
(cont.)

Mitomycin
(Mitosol®)

Pulmonary toxicity (3%–36%) has been 
reported with single-agent therapy and 
combination chemotherapy 6–12 months 
after therapy.

Prior treatment with mitomycin C, cumula-
tive doses > 30 mg/m2, and other antican-
cer drugs may increase risk of toxicity.

(Accord Healthcare Inc., 2013; Chan & 
King, 2016)

Bronchospasm, noncardiogenic pulmonary edema, ILD, pul-
monary VOD

Dyspnea, nonproductive cough, crackles, and capillary leak 
with progressive respiratory dysfunction are indicative of 
ILD.

Severe bronchospasm has been reported following admin-
istration of vinca alkaloids in patients who previously or 
simultaneously received mitomycin C. Acute respiratory 
distress occurred within minutes to hours after the vinca 
alkaloid injection. The total doses for each drug varied 
considerably.

Pulmonary VOD occurs later after exposure (up to 10 years) 
and leads to symptoms of pulmonary hypertension.

(Accord Healthcare Inc., 2013; Chan & King, 2016)

Signs and symptoms of pneu-
monitis may be reversed if 
therapy is instituted early. 
Drug may be discontinued 
if dyspnea occurs even with 
normal chest radiograph.

Caution should be exercised 
when using oxygen because 
oxygen toxic injury occurs 
even in the absence of other 
medication-related etiologic 
precipitators.

Pay careful attention to fluid 
balance, and avoid overhy-
dration.

(Accord Healthcare Inc., 
2013; Schwaiblmair et al., 
2012)

Mitoxantrone
(Novantrone®)

Hypersensitivity-like acute pneumonitis 
occurs variably when given in combination 
with other chemotherapy agents.

(Vahid & Marik, 2008)

Hypersensitivity pneumonitis, ILD, organizing pneumonia; 
sudden-onset dyspnea and tachypnea with hypoxemia; 
patchy infiltrates on x-ray or CT scan

Toxicity usually only occurs when drug is given with other 
potentially pulmonary toxic medications.

(Chan & King, 2017a)

Organizing pneumonia detect-
able on bronchial biopsy or 
open lung biopsy usually is 
responsive to corticosteroid 
treatment.

(Vahid & Marik, 2008)

Camptothecins Topotecan hydro-
chloride
(Hycamtin®)

Dyspnea, all grades: 20%
Dyspnea, grade 3–4: 4% in patients with 

ovarian cancer; 12% in patients with small 
cell lung cancer

Pulmonary fibrosis (rare): < 1%; higher inci-
dence with combination chemotherapy or 
radiation therapy

(Maldonado & Limper, 2017a; Novartis 
Pharmaceuticals Corp., 2015)

Dyspnea, coughing, and pneumonitis are the main pulmo-
nary side effects.

Pulmonary infections are more common than interstitial 
pneumonitis syndromes.

(Maldonado & Limper, 2017a; Novartis Pharmaceuticals 
Corp., 2015)

Establish baseline pulmonary 
function.

(Continued on next page)
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Table 17-1. Pulmonary Toxicities of Antineoplastic and Supportive Agents (Continued)

Classification Drug Incidence Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Differentiating 
agents

All-trans-retinoic 
acid (ATRA; treti-
noin; Vesanoid®)

Acute differentiation syndrome in patients 
receiving ATRA: 14%–25%, with an asso-
ciated mortality of approximately 2%. 
Severe and moderate disease occur with 
equal frequency.

(Weinberger & Larson, 2017)

Retinoic acid differentiation syndrome
Pulmonary infiltration of differentiating leukemic cells and 

their associated chemokines cause inflammatory capillary 
permeability with sudden and severe hypoxemia.

Differentiation syndrome is present with ATRA or arsenic 
individually or in combination therapies.

It occurs in a bimodal pattern, with 46% developing symp-
toms in the first week of therapy and an additional 36% 
having symptoms between the third and fourth weeks.

Characteristic features of this syndrome include fever, myal-
gias, arthralgias, weight gain, peripheral edema, respi-
ratory distress with pulmonary infiltrates, hypotension, 
hepatic and renal dysfunction, rash, and effusions.

Respiratory findings usually include an increased cardiotho-
racic ratio, peribronchial cuffing, and ground-glass opac-
ities. Consolidation and pleural effusions are common. 
Approximately 40% may have a clear radiograph, although 
this is uncommon in severe disease.

Pulmonary hemorrhage has occurred in severe cases of dif-
ferentiation syndrome but may be difficult to differentiate 
from coagulopathies common in acute progranulocytic leu-
kemia.

(Elemam & Abdelmoety, 2013; Nucci et al., 2015; Sanz & 
Montesinos, 2014; Villa et al., 2014; Weinberger & Lar-
son, 2017)

Close monitoring of intake 
and output, weight, vital 
signs, and breath sounds 
may assist early detection.

Monitor oxygen saturation for 
early signs of hypoxemia on 
exertion.

Monitor chest x-ray for pulmo-
nary infiltrates that may pre-
cede clinical symptoms.

Monitor labs for evidence of 
renal dysfunction.

Miscellaneous Arsenic trioxide
(Trisenox®)

Respiratory events (all grades, N = 40):
 • Cough: 65%
 • Dyspnea: 53%
 • Hypoxia: 23%
 • Pleural effusion: 20%
 • Wheezing: 13%

Grades 3–4:
 • Dyspnea: 10%
 • Hypoxia: 10%
 • Pleural effusion: 3%

(Teva Pharmaceuticals USA, Inc., 2016)

Differentiation syndrome
These adverse effects usually are not permanent or irrevers-

ible and usually do not require interruption of therapy.
Risk increases with high WBC count, high percentage of 

blasts, and preexisting lung disease.
(Leblejian et al., 2013; Sanz & Montesinos, 2014; Teva 

Pharmaceuticals USA, Inc., 2016; Weinberger & Larson, 
2017)

Establish baseline pulmonary 
function.

Monitor WBC counts and 
blast percentages.

(Continued on next page)
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Chemotherapy Agents (Cont.)

Nitrosoureas Carmustine
(BiCNU®)

Although rare, cases of fatal pulmonary tox-
icity have been reported. Most of these 
patients were receiving prolonged ther-
apy with total doses > 1,400 mg/m2. How-
ever, reports exist of pulmonary fibrosis in 
patients receiving lower total doses.

In a long-term study of carmustine, all par-
ticipants initially treated before age 5 died 
of delayed pulmonary fibrosis. In another 
report, 40% of those experiencing delayed 
toxicity after childhood treatment died of 
pulmonary fibrosis.

(Heritage Pharmaceuticals, 2017; Versluys 
& Bresters, 2016)

ILD, pulmonary VOD
Pulmonary infiltrates and fibrosis have been reported to 

occur from 9 days to 43 months after treatment and 
appear to be dose related. Fibrosis may be slowly progres-
sive.

When carmustine is used in high doses (300–600 mg/m2) 
prior to HSCT, pulmonary toxicity may occur and may be 
dose limiting. The pulmonary toxicity of high-dose carmus-
tine may manifest as severe interstitial pneumonitis, which 
occurs most frequently in patients who have had recent 
mediastinal irradiation.

A linear relationship exists between total dose and pulmo-
nary toxicity at doses > 1,000 mg/m2, with 50% of patients 
developing pulmonary toxicity at total cumulative doses 
of 1,500 mg/m2. Risk factors include preexisting lung dis-
ease, smoking, cyclophosphamide therapy, and recent 
(within months) thoracic irradiation. Patients with baseline 
forced vital capacity and/or DLCO < 70% of the predicted 
value are at high risk.

Delayed toxicity after childhood treatment has increased 
mortality compared to toxicities from other causes.

Other risks for increased pulmonary toxicity with carmustine 
include history of lung disease and treatment duration.

(Heritage Pharmaceuticals, 2017; Maldonado & Limper, 
2017a; Versluys & Bresters, 2016)

Perform baseline and regular 
PFTs, especially in patients 
with risk factors or those 
who have received > 800 
mg/m2.

CT abnormalities with car-
mustine occur in the upper 
zones of the lungs.

(Heritage Pharmaceuticals, 
2017; Versluys & Bresters, 
2016)

Lomustine
(Gleostine®)

Pulmonary toxicity is rare; it usually occurs 
with doses > 1,100 mg/m2 (one reported 
case at a dose of 600 mg/m2). There 
appeared to be some late reduction of pul-
monary function in all long-term survivors.

This form of lung fibrosis may be slowly 
progressive and has resulted in death in 
some cases.

Incidence is increased in childhood survi-
vors treated before age 5.

(NextSource Biotechnology, LLC, 2013)

ILD, pulmonary fibrosis
Pulmonary toxicity onset is characterized by an interval of 6 

months or longer from the start of therapy with cumulative 
doses of lomustine usually > 1,100 mg/m2.

Delayed-onset pulmonary fibrosis occurring up to 17 years 
after treatment has been reported in patients who received 
nitrosoureas in childhood and early adolescence (1–16 
years) combined with cranial irradiation for intracranial 
tumors.

(NextSource Biotechnology, LLC, 2013)

Establish baseline pulmonary 
function.

Monitor high-risk patients with 
PFTs.

(Continued on next page)
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Table 17-1. Pulmonary Toxicities of Antineoplastic and Supportive Agents (Continued)

Classification Drug Incidence Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Plant alkaloids: 
Epipodophyllo-
toxins

Etoposide
(Toposar®)
Etoposide phos-
phate
(Etopophos®)

Cases of pulmonary events have been 
reported infrequently: pneumonitis, pulmo-
nary fibrosis, and pulmonary hypertension 
in < 1% of patients.

Anaphylactic-like reactions characterized by 
chills, fever, tachycardia, bronchospasm, 
dyspnea, and/or hypotension: 0.7%–4% of 
patients receiving IV etoposide and < 1% 
of patients treated with oral capsules

Incidence of ILD is as high as 24% when 
drug is given with methotrexate and cyclo-
phosphamide.

(Bristol-Myers Squibb Co., 2016)

Bronchospasm, interstitial pneumonitis, pulmonary fibrosis, 
pulmonary hypertension

Anaphylactic-like reactions have occurred during the initial 
infusion of etoposide. Facial/tongue swelling, coughing, 
diaphoresis, cyanosis, tightness in throat, laryngospasm, 
back pain, and/or loss of consciousness have occurred 
with aforementioned reactions. An apparent hypersensitiv-
ity-associated apnea has been reported rarely.

Toxicity is increased with low serum albumin and impaired 
renal function.

Increased methotrexate blood levels occurred when drugs 
were given concomitantly, but it is unclear whether this is 
due to etoposide interaction or decreased clearance.

Chronic lung disease is difficult to identify, as this agent is 
usually administered with other pulmonary toxic agents.

PET scintigraphy may demonstrate clear ventilation abnor-
malities with etoposide pulmonary toxicity.

Rechallenge with agent has been done with premedications 
without repeat of bronchospasm.

(Bristol-Myers Squibb Co., 2016; Maldonado & Limper, 
2017a)

Higher rates of anaphylac-
tic-like reactions have been 
reported in children who 
received infusions at con-
centrations higher than 
those recommended. The 
role of infusion concentra-
tion (or infusion rate) in the 
development of anaphylac-
tic-like reactions is uncer-
tain.

Treatment is symptomatic.
(Bristol-Myers Squibb Co., 

2016)

Plant alkaloids: 
Taxanes

Docetaxel
(Taxotere®)

Non-dose-related interstitial pneumoni-
tis with pulmonary fibrosis: Approximately 
3%–5% of cases, most often manifesting 
4–8 weeks after exposure

Progression to pulmonary fibrosis: < 1% of 
patients

Incidence of ILD is higher (up to 47%) when 
drug is given with gemcitabine.

Pleural effusion is more common after 
cumulative dose of 400 mg/m2 if no steroid 
premedications were given. Incidence is 
reduced from 20% to 6% with steroid pre-
medications.

(Binder et al., 2011; Genestreti et al., 2015; 
King, 2017c; Sanofi-Aventis U.S. LLC, 
2015b; Tamiya et al., 2012)

Bronchospasm, hypersensitivity pneumonitis, ILD, pleural 
effusion, noncardiogenic pulmonary edema

Usual steroid dose to prevent pleural effusions is dexameth-
asone 4–8 mg the day prior or same day as docetaxel 
administration.

Bronchoalveolar lavage in early lung toxicity showed lym-
phocytosis in cases of reported hypersensitivity pneumo-
nitis.

(Gurram et al., 2013; King, 2017c; Syrigou et al., 2011)

Pleural effusions may be 
reversible with diuretics.

Pulmonary fibrosis is not con-
sistently responsive to corti-
costeroids.

Hypersensitivity skin testing 
has been useful in identifica-
tion of reactions.

(Kuo et al., 2015; Sanofi-
Aventis U.S. LLC, 2015b)

(Continued on next page)
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Classification Drug Incidence Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Plant alkaloids: 
Taxanes (cont.)

Paclitaxel Dyspnea (rare for single agent): 2%
Rare reports of interstitial pneumonia, lung 

fibrosis, and pulmonary embolism: 8.5%–
9% with combined therapy

Events usually occur with high doses or in 
combined therapy.

(Hospira, Inc., 2017)

Bronchospasm, hypersensitivity pneumonitis, pulmonary 
fibrosis, radiation recall

Rare reports exist of radiation pneumonitis recall phenome-
non in patients receiving concurrent radiation.

Incidence may be higher in weekly rather than every-three-
week dosing.

Incidence is higher when administered with gemcitabine or 
radiation.

Bronchoalveolar lavage in early lung toxicity showed lym-
phocytosis in cases of reported hypersensitivity pneumo-
nitis.

(Hospira, Inc., 2017; King, 2017c; Syrigou et al., 2011)

Toxicity is rarely severe or 
fatal and often responds to 
corticosteroids.

(King, 2017c)

Plant alkaloids: 
Vinca alkaloids

Vinorelbine tartrate
(Navelbine®)

Shortness of breath: 3%; severe: 2%
Rare but severe cases of ILD, most of which 

were fatal, occurred in patients treated 
with single-agent vinorelbine.

(Pierre Fabre Pharmaceuticals, Inc., 2014)

Bronchospasm, ILD
Acute shortness of breath and severe bronchospasm 

occurred, most commonly when vinorelbine was used in 
combination with mitomycin; these adverse events may 
require treatment with supplemental oxygen, bronchodila-
tors, or corticosteroids, particularly with preexisting pulmo-
nary dysfunction.

The mean time to onset of these symptoms after vinorelbine 
administration was 1 week (range = 3–8 days).

(Pierre Fabre Pharmaceuticals, Inc., 2014)

Patients with alterations in 
their baseline pulmonary 
function or with new onset of 
dyspnea, cough, hypoxia, or 
other symptoms should be 
evaluated promptly.

(Pierre Fabre Pharmaceuti-
cals, Inc., 2014)

Targeted Therapy Agents

Small molecule 
inhibitors

Afatinib
(Gilotrif®)

All toxicities are rare (< 1%) but present with 
monotherapy, so are likely drug related.

(Teuwen et al., 2015)

Dyspnea, cough, interstitial pneumonitis, respiratory infec-
tion.

(Teuwen et al., 2015)

–

Bortezomib
(Velcade®)

Acute pneumonitis syndrome and diffuse 
alveolar hemorrhage have been reported 
rarely in case reports.

(Sugita et al., 2015; Wirk, 2012)

Differentiation syndrome, hypersensitivity pneumonitis; sud-
den respiratory distress with accompanying pulmonary 
infiltrates

Proposed pathophysiology is acute vasculitis.
Toxicities have inconsistent reversibility or responsiveness to 

corticosteroids.
(Dy & Adjei, 2013; Maldonado & Limper, 2017a; Oudart et 

al., 2012)

Immediate discontinuation of 
this drug is recommended 
when pulmonary symptoms 
occur.

(Millennium Pharmaceuticals, 
Inc., 2017)

(Continued on next page)
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Table 17-1. Pulmonary Toxicities of Antineoplastic and Supportive Agents (Continued)

Classification Drug Incidence Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Brigatinib
(Alunbrig®)

Incidence varies by dosage.
ILD/pneumonitis: 3.7% of patients who 

received 90 mg once-daily dosage; 9.1% 
of patients whose dosage was advanced 
from 90 mg to 180 mg once daily

(Ariad Pharmaceuticals, Inc., 2017)

ILD/pneumonitis
Usually occurs early, within 9 days of initiation of medication
Adverse reactions of ILD/pneumonitis can occur in varying 

grades of severity.
(Ariad Pharmaceuticals, Inc., 2017)

Unlike similar kinase inhib-
itors, brigatinib has the 
potential for tolerization and 
continued dosing after pul-
monary toxicity. There-
fore, brigatinib is started at 
a low dose and ramped up 
to higher doses if tolerated 
without adverse effects in 
first 7 days.

Monitor for new or worsening 
respiratory symptoms such 
as dyspnea or cough dur-
ing the first week of initiating 
treatment.

If new or worsening respira-
tory symptoms occur, dis-
continue brigatinib and 
evaluate for ILD/pneumo-
nitis.

If ILD/pneumonitis is present, 
follow grade-specific dosage 
instructions:

 • Grade 1: If symptoms occur 
during first 7 days of treat-
ment, withhold brigatinib 
until recovery to baseline. 
Resume at same dose and 
do not escalate to 180 mg. 
If symptoms occur after the 
first 7 days of treatment, 
withhold brigatinib until 
recovery to baseline, then 
resume at same dose. If 
ILD/pneumonitis recurs, per-
manently discontinue briga-
tinib.

 • Grade 2: If symptoms occur 
during first 7 days of treat-
ment, withhold brigatinib 
until recovery to baseline. 

(Continued on next page)
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Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Brigatinib
(Alunbrig®) (cont.)

Resume at next lower dose 
and do not escalate if ILD/
pneumonitis is suspected 
(90 mg then 60 mg then dis-
continue; or 180 mg then 
120 mg then 90 mg then 60 
mg). If symptoms occur after 
the first 7 days of treatment, 
withhold brigatinib until 
recovery to baseline. If ILD/
pneumonitis is suspected 
resume at next lower dose; 
otherwise, resume at same 
dose. If ILD/pneumonitis 
recurs, permanently discon-
tinue brigatinib.

 • Grade 3–4: Permanently 
discontinue brigatinib.

(D.-W. Kim et al., 2017)

Carfilzomib
(Kyprolis®)

All toxicities are rare (< 1%) but present with 
monotherapy, so are likely drug related.

(Dy & Adjei, 2013)

Cough, dyspnea, pulmonary arterial hypertension
(Dy & Adjei, 2013)

Withhold therapy until symp-
toms resolve for grades 1–2; 
permanently discontinue 
therapy for grades 3–4.

(Dy & Adjei, 2013)

Crizotinib
(Xalkori®)

ILD (rare): Approximately 1.6% during reg-
istration trials, but is potentially life threat-
ening

Alveolar hemorrhage (rare; case reports)
(Ono et al., 2013; Pfizer Inc., 2017)

Dyspnea of uncertain significance, ILD, respiratory tract 
infections, ARDS

ILD presents as dyspnea with pulmonary infiltrates. All 
cases of ILD presented within the first 2 months of crizo-
tinib therapy.

Reports of dyspnea warrant temporary discontinuation of 
agent until ILD can be ruled out.

(Kwon & Meagher, 2012; Pfizer Inc., 2017)

Coadministration of other pul-
monary toxic agents or lung 
irradiation warrants fre-
quent physical assessment 
and diagnostic tests such as 
imaging or PFTs.

If treatment-related ILD is 
strongly suspected, per-
manent discontinuation of 
crizotinib is recommended.

(Continued on next page)
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Table 17-1. Pulmonary Toxicities of Antineoplastic and Supportive Agents (Continued)

Classification Drug Incidence Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Dasatinib
(Sprycel®)

Pleural effusion: Approximately 10%–35% 
of patients across multiple studies

ILD and pulmonary VOD: Rare but can be 
fatal

Pleural effusions: Onset is 1–55 days, aver-
age 36 days. Incidence is increased with 
twice-daily dosing and higher daily dose 
(> 100 mg/day), or dose concentration 
> 2.5 ng/ml. Incidence is also increased 
when lymphocytosis is present.

(Bristol-Myers Squibb Co., 2015; Eskazan 
et al., 2014; Miura, 2015; Montani et al., 
2012; Schiffer et al., 2016)

ILD, pleural effusion, pulmonary VOD
Most effusions are exudative and characterized by lympho-

cytic infiltration of the pleura. Lymphocytic effusion is asso-
ciated with tumor response rates.

Most patients who develop grade 3–4 pleural effusions have 
accelerated- or blast-phase chronic myeloid leukemia.

Symptoms include dyspnea, cough, and chest pain.
(Bristol-Myers Squibb Co., 2015; Eskazan et al., 2014; Mal-

donado & Limper, 2017b; Montani et al., 2012; Schiffer et 
al., 2016)

Most pleural effusions are 
reversible but may recur with 
future treatment (48%).

Lymphocytosis during dasat-
inib therapy has been asso-
ciated with improved tumor 
response rates.

Treatment may include inter-
ruption of medication and 
administration of diuretics or 
corticosteroids.

(Eskazan et al., 2014; Kaifi 
et al., 2012; Latagliata et 
al., 2013; Paydas, 2014; 
Schiffer et al., 2016)

Erlotinib
(Tarceva®)

Incidence is rare (< 1%) except when the 
drug is given in combination with gem-
citabine, where incidence is approximately 
2.5%.

(Genentech, Inc., & Astellas Pharma US, 
Inc., 2016)

ILD, pulmonary fibrosis, organizing pneumonia, radiation 
recall pneumonitis

Fatal ILD has been associated with oral erlotinib therapy for 
lung cancer.

Toxicities can occur days to months after exposure.
(Awad & Nott, 2016; Maldonado & Limper, 2017b; Qi et al., 

2015)

Some patients have shown 
clinical improvement with 
corticosteroid treatment.

Strong suspicion of erlotinib-
induced lung injury warrants 
discontinuation of the drug.

(Genentech, Inc., & Astellas 
Pharma US, Inc., 2016; Mal-
donado & Limper, 2017b)

Everolimus
(Afinitor®; Afinitor 
Disperz® tablets for 
oral suspension)

Cough of unknown clinical significance 
while receiving everolimus: Up to 20% of 
patients

ILD (most common significant respiratory 
toxicity): 14%–45% of patients within 6 
months of starting therapy. Incidence is 
higher when including radiologic evalua-
tion for asymptomatic pulmonary changes.

Pleural effusions: 7%
Alveolar hemorrhage associated with evero-

limus therapy (rare): < 0.2%
(Maldonado & Limper, 2018; Mizuno et al., 

2012; Nishino et al., 2016; Novartis Phar-
maceuticals Corp., 2016; Willemsen et al., 
2016)

Cough, dyspnea, ILD, hypersensitivity pneumonitis, diffuse 
alveolar hemorrhage, organizing pneumonia, pleural effu-
sion

(Nishino et al., 2016; Willemsen et al., 2016)

Acute onset of respiratory dis-
tress warrants immediate 
discontinuation of medica-
tion with diagnostic testing.

(Continued on next page)
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Classification Drug Incidence Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Gefitinib
(Iressa®)

Overall incidence of cases of ILD: 1%–3%, 
the highest incidence of all tyrosine kinase 
inhibitors

Approximately one-third of the ILD cases 
have been fatal.

ILD has occurred in patients who have 
received prior radiation therapy (31%), 
prior chemotherapy (57%), and no previ-
ous therapy (12%).

Incidence of ILD with gefitinib is increased 
among smokers, older adults, and those 
with chronic lung disease, poor performance 
status, or concurrent cardiac disease.

(AstraZeneca Pharmaceuticals LP, 2015; 
Maldonado & Limper, 2017b; Teuwen et 
al., 2015)

ILD, diffuse alveolar hemorrhage, pulmonary fibrosis, orga-
nizing pneumonia

Patients often present with acute-onset dyspnea, some-
times associated with cough or low-grade fever and often 
becoming severe quickly and requiring hospitalization.

Increased mortality has been observed in patients with con-
current idiopathic pulmonary fibrosis whose condition 
worsens while receiving gefitinib.

Alveolar hemorrhage presents within 24–42 days after 
administration.

(AstraZeneca Pharmaceuticals LP, 2015; Qi et al., 2015)

If acute onset or worsening of 
pulmonary symptoms (dys-
pnea, cough, and fever) 
occurs, therapy should be 
interrupted and symptoms 
promptly investigated. If ILD 
is confirmed, discontinue 
drug.

Corticosteroids are of uncer-
tain benefit with ILD but are 
routinely administered.

(AstraZeneca Pharmaceuti-
cals LP,  2015)

Imatinib mesylate
(Gleevec®)

Severe superficial edema and severe fluid 
retention (pleural effusion, pulmonary 
edema, and ascites): 2%–6% of patients 
taking imatinib for gastrointestinal stro-
mal tumors

Dyspnea: 14%–15%
Interstitial pneumonitis and pulmonary fibro-

sis: Rare
(Giannou et al., 2015; Kantarjian et al., 

2012; K.W. Kim et al., 2015; Lindauer & 
Hochhaus, 2014; Novartis Pharmaceuti-
cals Corp., 2017a)

Dyspnea of uncertain significance, hypersensitivity pneumo-
nitis, noncardiogenic pulmonary edema, ILD, pulmonary 
alveolar proteinosis, pleural effusions

Fluid retention events include pleural effusion, ascites, pul-
monary edema, pericardial effusion, and anasarca. Differ-
entiation of these as complications of disease or therapy 
was difficult to ascertain.

Fluid extravasation and pleural effusions appear to be dose 
related, were more common in the blast crisis and accel-
erated-phase studies (where the dose was 600 mg/day), 
and were more common in older adults. However, a few 
of these events may be serious or life threatening, and 1 
patient with blast crisis died with pleural effusion, conges-
tive heart failure, and renal failure.

(Novartis Pharmaceuticals Corp., 2017a; Vahid & Marik, 
2008)

These events usually were 
managed by interrupting 
imatinib mesylate treatment 
and using diuretics or other 
appropriate supportive care 
measures. Symptoms often 
resurface when rechalleng-
ing with this agent.

The overall safety profile in 
pediatric patients (39 chil-
dren studied) was similar to 
that found in studies of adult 
patients treated with ima-
tinib; however, no peripheral 
edema has been reported in 
children.

(Novartis Pharmaceuti-
cals Corp., 2017a; Vahid & 
Marik, 2008)

Pazopanib
(Votrient®)

ILD: 0.1%
(Novartis Pharmaceuticals Corp., 2017b)

Pneumothorax and bronchopleural fistulae in patients with 
metastatic sarcoma

(Teuwen et al., 2015)

–

(Continued on next page)
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Table 17-1. Pulmonary Toxicities of Antineoplastic and Supportive Agents (Continued)

Classification Drug Incidence Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Sorafenib
(Nexavar®)

Incidence is very low (< 1%).
(Teuwen et al., 2015)

Interstitial pneumonitis –

Sunitinib
(Sutent®)

Pleural effusions (most common): 1%–13%
Other toxicities are uncommon and usually 

only case reports.
(Miura et al., 2014; Teuwen et al., 2015)

Interstitial pneumonitis, recall pneumonitis, cryptogenic 
organizing pneumonia

(Teuwen et al., 2015)

Temporary discontinuation 
followed by dose reduction 
improved symptoms.

High-dose corticosteroids are 
recommended.

(Teuwen et al., 2015)

Temsirolimus
(Torisel®)

Incidence is 3%–54% of patients treated for 
renal cell cancer.

(Dy & Adjei, 2013; Willemsen et al., 2016)

Cases of ILD, some resulting in death, have occurred. Some 
patients with ILD were asymptomatic, and others pre-
sented with symptoms.

(Willemsen et al., 2016; Wyeth Pharmaceuticals, 2017)

Some patients with ILD 
required discontinuation of 
temsirolimus and treatment 
with corticosteroids or anti-
biotics.

Immunotherapy Agents

Checkpoint 
inhibitors: 
CTLA-4

Ipilimumab
(Yervoy®)

Toxicities are rare (< 1.5%) but potentially 
severe.

Effects occur during induction (first 12 
weeks), but risk persists for months follow-
ing therapy discontinuation.

Peak incidence is 2.8 months after start of 
therapy.

Infusion reactions: 2%–4%
Granulomatous pneumonitis with lymphade-

nopathy occurs in 5%–7% of patients with 
thoracic disease.

Hypoxia at rest may signal early detectable 
toxicity.

Risk is increased when combination 
immune therapies are administered.

Incidence is less with CTLA-4 inhibitors 
(e.g., ipilimumab) than with PD-1 and 
PD-L1 inhibitors.

(Shannon, 2017; Teuwen et al., 2015)

Infusion reactions, interstitial pneumonitis, sarcoid-like gran-
ulomatous pneumonitis, pulmonary edema

Treatment is corticosteroids.
Permanent discontinuation 

of the agent is indicated in 
grade 3–4 toxicity. Cortico-
steroids continued approx-
imately 1 month before a 
gradual taper.

Refractory symptoms may 
be treated with additional 
immunosuppressive medica-
tions (e.g., infliximab, myco-
phenolate mofetil).

COPD exacerbations after 
treatment are common.

(Dy & Adjei, 2013; Shannon, 
2017)

(Continued on next page)
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Classification Drug Incidence Side Effects Nursing Considerations

Immunotherapy Agents (Cont.)

Checkpoint 
inhibitors: PD-1

Nivolumab
(Opdivo®)

Cough: 22%–35%
Dyspnea: 10%–16%
Interstitial pneumonitis: 1%–12%, with 

higher incidence in patients with nonmel-
anoma cancers, patients receiving combi-
nation therapy, smokers, and patients with 
prior lung disease.

Onset is usually in first 3 months of therapy.
(Bristol-Myers Squibb Co., 2017; Shannon, 

2017)

Cough, dyspnea, infusion reactions, interstitial pneumonitis Corticosteroids are used for 
treatment of ILD in 89% of 
cases for an average of 26 
days, and complete resolu-
tion occurred in 67% follow-
ing steroid taper.

Withhold drug for grade 2 
(moderate ILD) and per-
manently discontinue for 
grades 3–4 (severe ILD).

Recurrent pneumoni-
tis occurred in 8% with 
ILD after reinitiation of 
nivolumab.

(Bristol-Myers Squibb Co., 
2017)

Pembrolizumab
(Keytruda®)

Cough: 17%
Dyspnea: 11%
ILD: 3.4%
Toxicities have a later onset than with 

nivolumab.
ILD occurred more frequently in patients 

with prior thoracic radiation (6.9%).
(Merck and Co., Inc., 2017)

Cough, dyspnea, infusion reactions, interstitial pneumonitis Recommend 2–7 weeks of 
steroid therapy.

Registration trials showed 
67% of patients were given 
steroids, and symptoms 
resolved in 59%.

Refractory symptoms may 
be treated with additional 
immunosuppressive medica-
tions (e.g., infliximab, myco-
phenolate mofetil).

Rechallenge with agent often 
has been successful without 
recurrence of toxicity.

(Merck and Co., Inc., 2017; 
Shannon, 2017)

Checkpoint 
inhibitors: 
PD-L1

Atezolizumab
(Tecentriq®)

Dyspnea and cough: 12%–16% during reg-
istration trials

ILD: 1%–2.6%
(Genentech, Inc., 2017b)

Cough, dyspnea, infusion reactions, hypoxia, ILD
(Shannon, 2017)

Recommend 2–7 weeks of ste-
roid therapy (Shannon, 2017).

Refractory symptoms may 
be treated with additional 
immunosuppressive medica-
tions (e.g., infliximab, myco-
phenolate mofetil).

(Shannon, 2017)

(Continued on next page)



Chapter 17. Pulm
onary Toxicities

421

Table 17-1. Pulmonary Toxicities of Antineoplastic and Supportive Agents (Continued)

Classification Drug Incidence Side Effects Nursing Considerations

Immunotherapy Agents (Cont.)

Checkpoint 
inhibitors: 
PD-L1

Durvalumab
(Imfinzi®)

Cough and dyspnea: 2%–10% during regis-
tration trials

(AstraZeneca Pharmaceuticals LP, 2017)

Cough, dyspnea, ILD, infusion reactions
(Shannon, 2017)

Recommend 2–7 weeks of 
steroid therapy.

Refractory symptoms may 
be treated with additional 
immunosuppressive medica-
tions (e.g., infliximab, myco-
phenolate mofetil).

(Shannon, 2017)

Cytokines: 
Interferons

Interferon alfa-2b 
(Intron-A®)

Rare
(Merck and Co., Inc., 2016)

Fever, cough, dyspnea, nonspecific pulmonary infiltrates, 
pneumonitis, pulmonary alveolar proteinosis, organizing 
pneumonia, pleural effusions, pulmonary hypertension

(Bräunlich et al., 2015; Merck and Co., Inc., 2016; Papani et 
al., 2017)

Consider holding drug while 
evaluating symptoms.

Cytokines: 
Interleukins

Aldesleukin
(IL-2; Proleukin®)

Life-threatening grade 4 respiratory disor-
ders: 3% (ARDS, respiratory failure, intu-
bation); apnea: 1%

Adverse events occurred in 10% of patients 
(N = 525).

Dyspnea: 43%
Lung disorder: 24% (physical findings asso-

ciated with pulmonary congestion, rales, 
rhonchi)

Respiratory disorder: 11% (ARDS, chest 
x-ray infiltrates, unspecified pulmonary 
changes)

Increased cough: 11%
(Prometheus Laboratories Inc., 2012)

Noncardiogenic pulmonary edema, dyspnea, respiratory fail-
ure, tachypnea, pleural effusion, wheezing, apnea, pneu-
mothorax, hemoptysis

Toxicities may worsen with continued exposure or occur 
more quickly with each subsequent therapy cycle.

(Dhupkar & Gordon, 2017; Kai-Feng et al., 2011; Pro-
metheus Laboratories Inc., 2012; Shelton, 2012)

Establish baseline pulmo-
nary function with PFTs, and 
assess abnormalities that 
indicate ineligibility for high-
dose aldesleukin.

Consider fluid limitations with 
respiratory symptoms if 
blood pressure tolerates.

Consider holding or discon-
tinuing dose with refractory 
symptoms.

(Dhupkar & Gordon, 2017; 
Prometheus Laboratories 
Inc., 2012)

Oprelvekin
(IL-11; Neumega®)

Dyspnea: 48%; increased cough: 29%; 
pleural effusions: 10%

(Kai-Feng et al., 2011; Wyeth Pharmaceuti-
cals, 2011) 

Noncardiogenic pulmonary edema, pleural effusions, dys-
pnea of uncertain significance

Peripheral edema, dyspnea, and preexisting fluid collec-
tions, including pleural and pericardial effusions or ascites, 
should be monitored.

Patients should be advised to immediately seek medical 
attention if any of the following signs or symptoms develop: 
swelling of the face, tongue, or throat; difficulty breathing, 
swallowing, or talking; shortness of breath; or wheezing.

(Wyeth Pharmaceuticals, 2011) 

Fluid retention is reversible 
within several days of dis-
continuing Oprelvekin.

Fluid balance should be moni-
tored, and appropriate medi-
cal management is advised. 
Closely monitor fluid and 
electrolyte status in patients 
receiving chronic diuretic 
therapy.

(Kai-Feng et al., 2011; Vahid 
& Marik, 2008; Wyeth Phar-
maceuticals, 2011)

(Continued on next page)
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Immunotherapy Agents (Cont.)

Immunomodu-
lators

Lenalidomide
(Revlimid®)

Dyspnea of uncertain significance: 15%–
23%, but only 4% severe

Hypersensitivity reactions (rare): < 1%, but 
can be severe and progress to irreversible 
pulmonary fibrosis

(Maldonado & Limper, 2018; Mankikian et 
al., 2014)

Dyspnea of uncertain significance, hypersensitivity pneumo-
nitis, interstitial pneumonitis, organizing pneumonia

(Mankikian et al., 2014; Toma et al., 2017)

Immediately discontinue med-
ication if pulmonary toxicity 
is suspected.

Rechallenge with the agent 
after resolution of toxic-
ity has been successful in 
select cases.

(Celgene Corp., 2017a; Sakai 
et al., 2015)

Thalidomide
(Thalomid®)

Dyspnea of uncertain significance: 50%, but 
only 4% severe

Other acute pulmonary toxicities are rare 
and have no reported incidence rate.

(Celgene Corp., 2017b; Maldonado & 
Limper, 2018)

Dyspnea of uncertain significance, hypersensitivity pneu-
monitis, alveolar hemorrhage, pulmonary fibrosis, organiz-
ing pneumonitis, pulmonary VOD with pulmonary hyper-
tension

Sudden-onset ground-glass opacities have been noted with 
thalidomide. Case reports reflect multiple different etiolo-
gies: infection, interstitial lung toxicity, organizing pneumo-
nia, and alveolar hemorrhage. It is believed that antian-
giogenic properties have been temporally associated with 
alveolar hemorrhage in patients receiving thalidomide.

(Schwaiblmair et al., 2012)

Consider infectious etiology 
as higher risk for pulmonary 
symptoms than drug toxicity.

Other bleeding symptoms 
may support suspicion for 
alveolar hemorrhage in 
patients with respiratory dis-
tress temporally related to 
thalidomide administration.

Monoclonal 
antibodies: 
Chimeric

Brentuximab  
vedotin
(anti-CD30 anti-
body; Adcetris®)

– – Concomitant use with bleo-
mycin is contraindicated 
because of pulmonary tox-
icity. In a clinical trial that 
studied brentuximab with 
bleomycin as part of a com-
bination regimen, nonin-
fectious pulmonary toxicity 
was greater than with ABVD 
(doxorubicin, bleomycin, 
vinblastine, and dacarba-
zine). Cough and dyspnea 
were reported, and imaging 
showed interstitial infiltra-
tion and inflammation. Most 
patients responded to corti-
costeroids.

(Seattle Genetics, Inc., 2016)

(Continued on next page)
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Table 17-1. Pulmonary Toxicities of Antineoplastic and Supportive Agents (Continued)

Classification Drug Incidence Side Effects Nursing Considerations

Immunotherapy Agents (Cont.)

Monoclonal  
antibodies:  
Chimeric 
(cont.)

Cetuximab
(anti-EGFR anti-
body; Erbitux®)

Bronchospasm with hypersensitivity reaction: 
Generally uncommon (3%), but frequent 
severe reactions (20%) have a geographic 
propensity (southeast United States through 
southern Midwest states such as Oklahoma, 
Arkansas, and Texas). Most reactions 
(> 90%) occur during the first infusion.

ILD: < 1%, idiosyncratic in nature
(ImClone, LLC, 2016; Maldonado & Limper, 

2017b; Teuwen et al., 2015)

Bronchospasm, interstitial pneumonitis, organizing pneumonia
ILD has been reported as serious and potentially fatal.
Pneumonitis syndromes have an onset of 2–6 months after 

start of drug and may worsen after discontinuation of med-
ication.

Toxicities are characterized by dyspnea, tachypnea, and 
activity intolerance. Symptoms can progressively worsen 
even after initial discontinuation of medication.

(Achermann et al., 2012; ImClone, LLC, 2016; Maldonado & 
Limper, 2017b)

All dyspnea noted between 
cycles warrants evaluation 
of PFTs.

Hold medication until ILD is 
ruled out. If drug is resumed, 
administer at 50% of previ-
ous rate. Recurrence of tox-
icity has been reported.

(ImClone, LLC, 2016; Teuwen 
et al., 2015)

Rituximab
(anti-CD20 anti-
body; Rituxan®)

Pulmonary events: 38% (N = 135) in clini-
cal trials. Infusion-related deaths involving 
pulmonary function occurred in 0.04%–
0.07%.

Bronchospasm: 8%
ILD: Approximately 2%, but up to 4.8% with 

low lymphocyte counts
(Genentech, Inc., 2016b; Maldonado & 

Limper, 2017b)

Bronchospasm, hypersensitivity pneumonitis, ILD, alveo-
lar hemorrhage, pulmonary alveolar proteinosis, organiz-
ing pneumonia

Most common adverse events were increased cough, rhini-
tis, bronchospasm, dyspnea, and sinusitis.

Infusion-related symptom complex includes pulmonary 
effects: hypoxia, bronchospasm, dyspnea, pulmonary infil-
trates, and ARDS.

Increased pulmonary toxicities are seen in patients with low 
absolute lymphocyte count.

Pulmonary toxicities are more frequent in patients with can-
cer than in patients with autoimmune disease.

Hypersensitivity pneumonitis has an onset of days to weeks 
after exposure and shows eosinophilic infiltration on bron-
choscopy.

Alveolar hemorrhage can be acute in onset and fatal.
Pulmonary alveolar proteinosis occurs more often in patients 

with immature lymphocyte cell types and has not been 
reported in patients with multiple myeloma treated with ritux-
imab.

Reports exist of organizing pneumonia presenting up to 6 
months after infusion and a limited number of reports of 
pneumonitis (including interstitial pneumonitis) presenting 
up to 3 months after infusion, some of which resulted in 
fatal outcomes.

Treatment with corticosteroids is standard for most toxicity 
but is not clearly helpful. It is most substantiated with alve-
olar hemorrhage and organizing pneumonia.

(Bonella & Campo, 2014; Genentech, Inc., 2016b; Ikpeama 
& Bailes, 2012; King, 2017a; Maldonado & Limper, 2017b; 
Teuwen et al., 2015; Urun et al., 2012

Interrupt treatment for severe 
reactions and resume at 
50% reduced infusion rate 
when symptoms resolve.

The safety of resuming or 
continuing administration 
of rituximab in patients with 
ILD or organizing pneumoni-
tis is unknown.

(Genentech, Inc., 2016b)

(Continued on next page)
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Immunotherapy Agents (Cont.)

Monoclonal 
antibodies: 
Human

Panitumumab
(anti-EGFR; 
Vectibix®)

Bronchospasm: Infusion reactions occur in 
4% of patients, but severe reactions with 
bronchospasm occur in 1%–2%.

ILD: < 1%
(Amgen Inc., 2015; Osawa et al., 2015)

Bronchospasm, ILD
ILD is characterized by dyspnea, cough, and pulmonary infil-

trates that occur 2–4 months into therapy and worsen even 
after drug discontinuation.

(Amgen Inc., 2015)

Monitor for infusion reactions.
Evidence of interstitial pneu-

monitis via PFTs and high-
resolution CT scan prompts 
permanent discontinuation 
of drug.

Monoclonal 
antibodies: 
Humanized

Alemtuzumab
(anti-CD52 anti-
body; Campath®)

Infusion rate–related dyspnea: 17%
Acute infusion-related events were most 

common during the first week of therapy.
Incidence (N = 149):
 • Dyspnea: 26%
 • Cough: 25%
 • Bronchitis/pneumonitis: 21%
 • Pneumonia: 16%
 • Bronchospasm: 9%

(Genzyme Corp, 2014)

Dyspnea of uncertain significance, bronchospasm, intersti-
tial pneumonitis

Alemtuzumab has been associated with infusion-related 
events including hypotension, rigors, fever, shortness of 
breath, bronchospasm, chills, and rash.

Side effects include asthma, bronchitis, COPD, hemoptysis, 
hypoxia, pleural effusion, pleurisy, pulmonary edema, pul-
monary fibrosis, pulmonary infiltration, respiratory depres-
sion, respiratory insufficiency, sinusitis, stridor, and throat 
tightness.

(Genzyme Corp, 2014)

To ameliorate or avoid infu-
sion-related events, premed-
icate patients with an oral 
antihistamine and acetamin-
ophen prior to dosing, and 
monitor closely for infusion-
related adverse events.

Bevacizumab
(Avastin®)

Hemoptysis: More common with squamous 
cell lung cancer (31%) than with nonsqua-
mous cell lung cancer (2%–3%).

Interstitial pneumonitis and organizing pneu-
monia: Incidence is difficult to quantify 
because it usually is associated with tho-
racic radiation.

Alveolar hemorrhage: 4.4% of patients, of 
which 1.3% were fatal. Incidence of all-
grade toxicity is lower in nonsquamous 
lung cancer.

(Genentech, Inc. 2016a; Teuwen et al., 
2015)

Hemoptysis, interstitial pneumonia, pleural effusion, organiz-
ing pneumonia

All toxicities are more common in patients with squamous 
cell carcinoma of the lung. Most common clinical presenta-
tion is hemoptysis.

Use of bevacizumab clearly increases risk of radiation pneu-
monitis syndromes.

Mechanism of toxicity is unclear but thought to be related to 
blocking of VEGF.

(Hollebecque et al., 2012; Lind et al., 2012; Maldonado & 
Limper, 2017b; Teuwen et al., 2015)

This medication is always dis-
continued when pulmo-
nary bleeding of any type is 
noted.

(Genentech, Inc., 2016a)

Pertuzumab
(Perjeta®)

All toxicities are rare (< 1%) but present with 
monotherapy, so are likely drug related, 
and may be serious in some cases.

Cough of uncertain significance occurs in a 
larger number of patients.

(Teuwen et al., 2015)

Cough, interstitial pneumonitis, pleural effusions, ARDS
(Teuwen et al., 2015)

–
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Table 17-1. Pulmonary Toxicities of Antineoplastic and Supportive Agents (Continued)

Classification Drug Incidence Side Effects Nursing Considerations

Immunotherapy Agents (Cont.)

Monoclonal 
antibodies: 
Humanized 
(cont.)

Trastuzumab
(anti-HER2 anti-
body; Herceptin®)

As a single agent:
 • Increased cough: 26%
 • Dyspnea: 22%

In the postmarketing setting, severe hyper-
sensitivity reactions (including anaphy-
laxis), infusion reactions, and pulmo-
nary adverse events have been reported. 
Severe pulmonary events leading to death 
have been reported rarely.

Interstitial pneumonitis: 1%–2%, but severe 
in only 0.3% 

Chronic organizing pneumonia: < 1%
Pulmonary toxicities rarely reported with 

trastuzumab emtansine as compared to 
trastuzumab regular formulation. Cough 
was noted in 2%–3% of patients.

(Genentech, Inc., 2017a; Maldonado & 
Limper, 2017b; Teuwen et al., 2015; Vahid 
& Marik, 2008)

Dyspnea of uncertain significance, bronchospasm, intersti-
tial pneumonitis, organizing pneumonia, increased cough, 
dyspnea, rhinitis, pharyngitis, pulmonary infiltrates, pleu-
ral effusions, noncardiac edema, pulmonary insufficiency, 
hypoxia, ARDS

Other severe events reported rarely in the postmarketing 
setting include pneumonitis and pulmonary fibrosis.

Bronchospasm in conjunction with hypersensitivity reactions 
have occurred.

(Genentech, Inc., 2017a; Teuwen et al., 2015)

Patients with symptomatic 
intrinsic lung disease or 
extensive tumor involve-
ment of the lungs, result-
ing in dyspnea at rest, may 
be at greater risk for severe 
reactions. Adverse effects 
increase with combined 
drug therapy.

Corticosteroids may be help-
ful.

Rechallenge with this agent is 
not recommended.

(Genentech, Inc., 2017a; 
Vahid & Marik, 2008)

ARDS—acute respiratory distress syndrome; ATRA—all-trans-retinoic acid; COPD—chronic obstructive pulmonary disease; CTLA-4—cytotoxic T-lymphocyte antigen 4; CT—computed tomography; DLCO—dif-
fusing capacity of the lung for carbon monoxide; EGFR—epidermal growth factor receptor; FiO2—fraction of inspired oxygen; 5-FU/LV—5-fluorouracil/leucovorin; HER2—human epidermal growth factor receptor 
2; HSCT—hematopoietic stem cell transplantation; IL—interleukin; ILD—interstitial lung disease; IV—intravenous; PD-1—programmed cell death protein 1; PD-L1—programmed cell death-ligand 1; PET—posi-
tron-emission tomography; PFTs—pulmonary function tests; PO—by mouth; VEGF—vascular endothelial growth factor; VOD—veno-occlusive disease; WBC—white blood cell
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(1) Rare reports of interstitial pulmonary 
infiltrates and acute alveolitis with 
hydroxyurea

(2) Metabolic injury
(a) Metabolites of cyclophosphamide 

cause acute pneumonitis that may 
be hemorrhagic in nature. The 
mortality rate associated with this 
syndrome is approximately 50% 
(Specks, 2017).

(b) Renal dysfunction may cause 
delayed drug excretion and 
increase the pulmonary toxicity 
of bleomycin, cyclophosphamide, 
and methotrexate (Balk, 2017; 
Specks, 2017).

(3) Disruption of intracellular kinases
(a) Tyrosine kinase inhibitors (e.g., 

erlotinib, gefitinib) (Maldonado 
& Limper, 2017b; Teuwen et al., 
2015)

(b) Epidermal growth factor recep-
tor inhibitors (e.g., cetuximab) 
(Achermann et al., 2012)

(c) Mammalian target of rapamycin 
(mTOR) inhibitors (e.g., evero-
limus, temsirolimus) (Maldo-
nado & Limper, 2017b; Nishino 
et al., 2016; Novartis Pharmaceu-
ticals Corp, n.d.; Willemsen et al., 
2016): Genetic risks may be acti-
vated by these agents (Willemsen 
et al., 2016).

(4) Pulmonary edema
(a) Biologic agents cause this toxic-

ity (Bräunlich et al., 2015; Shel-
ton, 2012). Interleukin-2 is associ-
ated with a high incidence of cap-
illary leak syndrome. Pulmonary 
edema is a dose-limiting toxicity 
of high-dose interleukin-2 therapy 
(Prometheus Laboratories Inc., 
2012). Severity depends on the 
route, dose, and administration 
schedule (Dhupkar & Gordon, 
2017; Shelton, 2012). It resolves 
quickly after therapy ends and 
diuresis begins.

(b) Docetaxel is associated with fluid 
retention, alveolar permeabil-
ity, and pulmonary infiltrates. 
These may be prevented with cor-
ticosteroid premedication and 
are treated with diuretics (King, 
2017c).

(c) Cytosine arabinoside (Nucci et 
al., 2015)

(d) Blinatumomab (Goebeler & Bar-
gou, 2016)

(e) Leuprolide acetate (Tan & Lake, 
2016)

(f) Tyrosine kinase inhibitors (e.g., 
bortezomib, dasatinib, gefitinib, 
imatinib mesylate) cause capillary 
permeability, pulmonary edema, 
and effusions (Teuwen et al., 2015; 
Vahid & Marik, 2008).

(5) Hypersensitivity pneumonitis
(a) Paclitaxel can cause acute pneu-

monitis, which no longer appears 
to be a hypersensitivity reaction to 
the drug’s emulsification agents 
(polyoxyl 40 hydrogenated castor 
oil [Kolliphor® EL, formerly Cre-
mophor® EL]) as originally pos-
tulated (Maldonado & Limper, 
2017a).

(b) Docetaxel: Hypersensitivity pneu-
monitis occurs in 7%–47% of 
patients depending on total dose, 
chemotherapy schedule, and con-
current administration with gem-
citabine or radiation (Genes-
treti et al., 2015; Olivier & Peik-
ert, 2017).

(c) Gemcitabine-induced eosino-
philic pneumonitis suggests that 
hypersensitivity may be an ele-
ment of this drug reaction (Yak-
abe et al., 2013).

(d) Acute methotrexate reaction is 
likely allergic in origin (Balk, 
2017).

(e) Pathologically confirmed hyper-
sensit iv it y pneumonit is has 
occurred with bortezomib, ima-
tinib, lenalidomide, mTOR inhib-
itors, oxaliplatin, procarbazine, 
and thalidomide, but no clear 
etiologic mechanisms have been 
identified (Maldonado & Limper, 
2017b; Toma et al., 2017).

(f) Hypersensitivity skin testing may 
be used to differentiate the eti-
ology when multiple agents are 
implicated (Kuo, Hawkins, & Yip, 
2015).

5. Clinical manifestations: May be difficult to detect 
when subtle
a) Signs and symptoms (King, 2017a)
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(1) Dyspnea
(2) Tachypnea
(3) Increased work of breathing
(4) Dry, nonproductive cough
(5) Fever with some types of ILD
(6) Hypoxemia: Cyanosis, low oxygen sat-

uration
(7) Anxiety, uneasiness
(8) Weight loss
(9) Fatigue

b) Timing of signs and symptoms
(1) Hypersensitivity reactions may occur 

as early as hours after exposure or up 
to weeks after discontinuation.

(2) Hypersensitivity pneumonitis occurs 
7–10 days after exposure, although 
it may not always present on the first 
cycle of therapy, as would normally be 
expected (Yakabe et al., 2013).

(3) Methotrexate hypersensitivity reac-
tions occur 12–18 hours after the first 
dose (Balk, 2017).

(4) Delayed toxicity may occur 8 months 
to 10 years after therapy.

6. Assessment
a) Past medical history

(1) Chemotherapy and immunotherapy 
drug exposure

(2) Other medications known to cause 
pulmonary toxicity (e.g., amioda-
rone, nitrofurantoin, penicillamine, 
phenytoin, procainamide, proprano-
lol, statins, sulfonamides) (Olivier & 
Peikert, 2017; Vahid & Marik, 2008; 
Xu et al., 2012)

(3) Recent or chronic pulmonary condi-
tions (Maldonado & Limper, 2017b)

(4) Recent viral illnesses that predispose 
to hemorrhagic airway disease

(5) Autoimmune or connective tissue dis-
eases (King, 2017a)

(6) Occupational exposures such as silica, 
dusts, coal, and cotton (King, 2017a)

(7) Environmental exposures such as 
asbestos, gases, and dusts (King, 
2017a)

b) Physical examination
(1) Vital signs: Tachypnea, tachycardia
(2) Crackles on auscultation
(3) Cough and sputum production; 

hemoptysis
(4) Pleuritic pain may accompany some 

disorders (e.g., erlotinib-induced reac-
tions).

(5) Accessory muscle use for breathing

(6) Evidence of poor tissue oxygenation: 
Cyanosis, oliguria, decreased bowel 
sounds, altered mentation

c) Diagnostic tests (Sverzellati et al., 2015)
(1) Arterial blood gases usually show 

hypoxemia with respiratory alkalosis.
(2) Changes suggesting pulmonary edema 

were observed in radiographs of patients 
receiving high-dose interleukin-2 dur-
ing initial registration trials, but the 
incidence of this toxicity has been min-
imized with careful assessment and 
management of hypotension and car-
diac dysfunction (Prometheus Labora-
tories Inc., 2012; Shelton, 2012).

(3) Chest x-rays show ground-glass opaci-
ties/infiltrates and interstitial or alve-
olar thickening of interlobular septum 
(Matsuno, 2012; Stark, 2017). Nodular 
patterns indicate fibrosis (Stark, 2017).

(4) Chest CT is highly sensitive and able 
to differentiate pneumonitis from 
pulmonary embolism or fibrosis that 
may occur in patients with cancer 
experiencing respiratory distress. 
Immune checkpoint inhibitor toxic-
ity has a more peripheral distribution, 
although many CT changes are simi-
lar to those with other toxicities (Die-
derich, 2016; Matsuno, 2012; Nucci et 
al., 2015; Shannon, 2017; Tamura et 
al., 2013). A sensitive test of pulmo-
nary function is the carbon monoxide 
diffusing capacity, which is reduced 
prior to symptoms in many patients 
(McCormack, 2017).

(5) Serum markers KL-6, SP-A, and SP-D 
have been used as indicators of ILD 
for some agents (e.g., gefitinib) (King, 
2017b; Matsuno, 2012).

(6) Positron-emission tomography scintig-
raphy has been helpful for early diagno-
sis of pulmonary fibrosis related to eto-
poside (Maldonado & Limper, 2017a).

(7) Bronchoscopy with lavage may provide 
definitive diagnostic findings with tox-
icities such as alveolar hemorrhage, 
pulmonary alveolar proteinosis, and 
hypersensitivity pneumonitis. Immune 
checkpoint inhibitor pneumonitis pro-
duces lymphocyte-predominant bron-
choalveolar lavage specimens (Shan-
non, 2017).

(8) Open lung biopsy provides definitive 
diagnosis.
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7. Collaborative management
a) Pulmonary function testing is a prerequi-

site for the following patients being evalu-
ated for therapy:

(1) Heavy smokers (Margaritopoulos et 
al., 2015)

(2) Patients with extensive pulmonary 
disease

(3) Patients with symptoms suggesting 
decreased pulmonary reserve, such 
as exercise intolerance, new cough, or 
tachypnea

b) Avoid exceeding maximum recommended 
doses.

(1) Bleomycin: 400 units total lifetime dose 
(Fresenius Kabi USA, LLC, 2016a; Feld-
man & Vander Els, 2017)

(2) Mitomycin C: 30 mg/m2 (Chan & 
King, 2016)

c) If pulmonary toxicity is suspected, hold che-
motherapy and notify prescriber. Rechallenge 
with the offending agent varies with toxic-
ity severity, timing, probable mechanism of 
injury, and specific agent.

d) Administer oxygen cautiously and only if 
patient is hypoxemic (Stein et al., 2015).

(1) Some lung-toxic medications have pro-
duced increased toxicity (diffuse alveo-
lar damage) with oxygen therapy (e.g., 
bleomycin).

(2) Oxygen can cause absorption atelec-
tasis and loss of surfactant, which may 
exacerbate toxicity risk.

e) Establish fluid balance goals.
(1) Carefully record intake and output.
(2) Determine if fluid boluses or fluid 

restrictions are warranted.
(3) Consider using goal “dry” weight to tar-

get diuretic therapy. Weigh patients on 
a regular basis.

(4) Diuretics decrease parenchymal edema, 
drawing fluid from interstitial spaces. 
This is not always effective when capillary 
permeability is impaired and cell and ves-
sel boundaries have been compromised.

f) Supportive care
(1) Oxygen therapy: When using bleomy-

cin, be alert for oxygen-induced lung 
damage (Feldman & Vander Els, 2017; 
Stein et al., 2015).

(2) Bronchodilators: A metered dose 
inhaler provides better delivery than 
a nebulizer.

(3) Position for best breathing: Head of 
bed elevated, tripod position (arms ele-

vated and extended, with knees sepa-
rated while leaning forward), legs over 
side of bed

g) Treatment of possible etiologies of ILD
(1) Administer corticosteroids as ordered. 

Corticosteroids usually are contraindi-
cated for patients receiving lympho-
kines, such as aldesleukin (Dhupkar 
& Gordon, 2017).
(a) Corticosteroids are dosed as low 

dose, moderate dose, or high dose.
(b) Risks and benefits of corticoste-

roids should be considered when 
choosing to treat pulmonary tox-
icities.

(c) Exact dosages remain controver-
sial, but specific recommenda-
tions based on the toxicity grade 
have been established for immune 
checkpoint inhibitors (Teuwen et 
al., 2015).

(2) Initiate antimicrobial therapy when 
infection superimposed on other lung 
toxicity is suspected.

h) Unproven/investigational treatments
(1) Pirfenidone 1,800 mg/day has been 

used with steroid-refractory bleomycin 
toxicity (Sakamoto, Ito, Hashimoto, & 
Hasegawa, 2017).

(2) Inhaled lecithinized superoxide dis-
mutase catalyzes with pirfenidone in 
bleomycin toxicity (Tanaka, Azuma, 
Miyazaki, Sato, & Mizushima, 2012).

(3) Rituximab has been effective in cases 
of refractory hypersensitivity pneumo-
nitis (Keir et al., 2014).

i) Follow-up evaluation of patients at risk
(1) Monitor x-rays and CT scans rou-

tinely with disorders that can pro-
duce hypersensitivity, idiopathic, or 
non-dose-related toxicities.
(a) For targeted and immunothera-

pies (e.g., cetuximab, erlotinib, 
rituximab), imaging at least 
monthly is recommended (Acher-
mann et al., 2012; Qi et al., 2015).

(b) Frequency is based on risk for ILD 
and may increase with cumulative 
dose or added risk factors.

(c) A chest x-ray may be recommended 
every one to two weeks to monitor 
for bleomycin toxicity (Fresenius 
Kabi USA, LLC, 2016a).

(2) Perform periodic monitoring of pul-
monary function tests for patients at 
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risk for ILD (at baseline and every 
three months during active therapy; 
often performed years after HSCT) 
(Keldsen et al., 2016; King, 2017b; 
McCormack, 2017; Willemsen et al., 
2016). Most ILD produces restrictive 
disease. The ratio of forced expira-
tory volume in one second to forced 
vital capacity is most sensitive to detect 
restrictive disease. Ratios that are nor-
mal to only slightly elevated indicate 
restrictive lung disease. Low forced 
vital capacity with normal forced expi-
ratory volume in one second and total 
lung capacity below the lower limit 
of normal suggests restrictive lung 
disease.

(3) Low diffusing capacity of the lung for 
carbon monoxide (DLCO) corrected 
for hemoglobin (Hgb) and lung vol-
ume indicates parenchymal restric-
tive disease. DLCO may differenti-
ate parenchymal restrictive disease 
associated with chemotherapy agents 
from other physical causes (e.g., obe-
sity, pleural effusions). It is used more 
frequently to detect pulmonary fibro-
sis (McCormack, 2017; Willemsen et 
al., 2016). The use of threshold val-
ues to trigger therapy breaks in bleo-
mycin has been questioned, given the 
number of patients with 20% reduc-
tion in DLCO who did not develop 
progressive respiratory dysfunction. 
The negative impact of bleomycin on 
dose-dependent responses may not be 
equivalent to the incidence of pulmo-
nary toxicity (Roncolato et al., 2016).

(4) In patients with acute-onset symptom-
atic disorders such as alveolar hemor-
rhage or acute hypersensitivity reac-
tion, screening is not performed, 
because of the usual acute presenta-
tion.

(5) Late or delayed onset of lung toxicity 
may occur and be related to treatment 
and host factors, but plans for follow-up 
care are not clearly defined (Versluys 
& Bresters, 2016).

C. Alveolar hemorrhage
1. Pathophysiology

a) Unlike tumor invasion of the upper airways, 
alveolar hemorrhage as a toxicity of antineo-
plastic therapy occurs in the microvasculature 

of small airways. Three types exist (Ikpeama 
& Bailes, 2012; Schwarz, 2017).

(1) Bland pulmonary hemorrhage occurs due 
to hydrostatic pressure changes and 
is most common with coagulopathies, 
anticoagulant therapy, heart failure, 
or renal failure.

(2) Diffuse alveolar hemorrhage occurs as 
a result of direct lung injury causing 
alveolar edema and development of 
hyaline membranes. Toxic metabo-
lites from cyclophosphamide and gem-
citabine produce lung toxicity by this 
mechanism.

(3) Pulmonary/capillary vasculitis is an auto-
immune process resulting in the fibrin-
ous destruction of alveolar basement 
membranes. It is caused by agents that 
trigger immunologic mechanisms (e.g., 
rituximab).

b) Vascular endothelial wall destruction by 
chemotherapy or chemoradiation causes 
microcapillary bleeding (Ueda et al., 2014). 
Repeated episodes of alveolar hemorrhage 
may lead to pulmonary fibrosis.

2. Incidence
a) Alveolar hemorrhage incidence rates are 

1.9% in patients receiving nonmyeloabla-
tive transplant regimens, as high as 10.3% 
in those undergoing myeloablative HSCT, 
and lower in pediatric transplant recip-
ients. Incidence may also be related to 
severe systemic viral infection in high-risk 
groups (Kaner & Zappetti, 2018; X.-D. Mo 
et al., 2013).

b) Incidence is rare with other antineoplastic 
therapies.

3. Risk factors
a) Alveolar hemorrhage is best documented in 

the setting of HSCT, although some acute 
pneumonitis syndromes may be hemorrhagic 
in nature (Kaner & Zappetti, 2018; Schwarz, 
2017; Vande Vusse & Madtes, 2017).

b) Alveolar hemorrhage has been rarely asso-
ciated with normal doses of bevacizumab, 
bortezomib, crizotinib, cyclophosphamide, 
docetaxel, etoposide, everolimus, gefitinib, 
gemcitabine, lenalidomide, nilotinib, oxali-
platin, pemetrexed, rituximab, and sirolimus 
(Chatterjee et al., 2015; Donatelli, Chong-
narungsin, & Ashton, 2014; Kurimoto et al., 
2015; Maldonado & Limper, 2018; Mankikian 
et al., 2014; Ono et al., 2013; Sakai et al., 2015; 
Saleem, Ammannagari, Winans, & Leonardo, 
2015; Schwarz, 2017; Specks, 2017; Sugita et 
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al., 2015; Toma et al., 2017; Wirk, 2012; Wil-
lemsen et al., 2016).

c) Concomitant pulmonary infection may be 
present with adenovirus, cytomegalovirus, 
dengue fever, Epstein-Barr virus, Stenotroph-
omonas maltophilia, and Strongyloides (parasite) 
(Mori et al., 2014; Schwarz, 2017).

d) Non-oncologic drugs can cause alveolar hem-
orrhage (e.g., amiodarone, crack cocaine, 
nitrofurantoin, propylthiouracil, valproate) 
(Ikpeama & Bailes, 2012).

e) Unlike other bleeding syndromes, pulmo-
nary hemorrhage is not always related to 
platelet counts or coagulation values (Nan-
jappa et al., 2016).

4. Clinical manifestations (Ikpeama & Bailes, 2012)
a) Onset of bleeding often is sudden, over a 

single day. It usually begins within the first 
two weeks after the preparative regimen for 
HSCT.

b) Symptoms include dyspnea, fever, cough, 
chest discomfort, and profound hypoxemia.

c) Hemoptysis occurs in up to one-third of 
patients. Pink, frothy sputum and blood in 
bronchoalveolar specimens may be found 
(Schwarz, 2017).

d) Hypoxemia-related symptoms include agita-
tion, confusion, air hunger, cyanosis, tachy-
cardia, and bradycardia.

5. Assessment
a) Breath sounds (early crackles and dimin-

ished breath sounds as the airways become 
filled with bloody exudate)

b) Oxygen saturation (decreased)
c) Sputum (increase in quantity and change 

in quality)
d) Hgb, platelet count, and coagulation param-

eters: Hgb may not fall until bleeding is life 
threatening.

e) Nonspecific findings of inf lammation: 
Increased erythrocyte sedimentation rate, 
leukocytosis (if not marrow suppressed)

f) Pulmonary function tests (increased DLCO 
with hypoxemia) if patient is able to par-
ticipate (Keldsen et al., 2016; McCormack, 
2017)

g) Chest x-ray or CT scan: Bilateral patchy, irreg-
ular interstitial infiltrates (Nucci et al., 2015; 
Torrisi et al., 2011)

h) Bronchoalveolar lavage: Bloody returns, 
higher yield than instilled, and positive 
hemosiderin-laden macrophages in the 
sputum (Escuissato, Warszawiak, & Mar-
chiori, 2015; Gilbert, Lerner, Baram, & 
Awsare, 2013)

6. Collaborative management
a) Corticosteroids are standard treatment, 

although they have not been proved effec-
tive in treatment of medication-induced alve-
olar hemorrhage (Rathi et al., 2015; Schwarz, 
2017; Sugita et al., 2015).

(1) Methylprednisolone at doses of 500–
2,000 mg IV daily for approximately 
five days

(2) No standard tapering regimen is rec-
ommended. Close observation for 
rebleeding during steroid tapering is 
recommended to guide practice.

b) Coagulation factors can be administered, 
although no one therapy has been proved 
effective. Unproven coagulation thera-
pies include IV aminocaproic acid and 
coagulation factor VII (Heslet, Nielson, & 
Nepper-Christensen, 2012; Larcombe, Kapur, 
Fraser, Coulthard, & Schlapbach, 2014).

c) Consider noninvasive or invasive mechanical 
ventilation with positive pressure to produce 
intra-alveolar pressure and reduce bleeding 
(Ikpeama & Bailes, 2012; Spira et al., 2013).

d) Experimental therapies are based on sus-
pected etiologic factor and include plasma 
exchange and IV immunoglobulin (Schwarz, 
2017).

e) Ensure adequate airway clearance with bron-
chodilator therapy, adequate hydration, and 
deep endotracheal suctioning as needed. 
Retained blood can cause secondary infec-
tion and worsened hypoxemia (Ikpeama & 
Bailes, 2012).

f) Provide supportive management of dyspnea.
g) When tumor involvement of pulmonary cells is 

implicated, such as with myeloma, rechallenge 
may be more successful (Sugita et al., 2015).

D. Acute promyelocytic leukemia (APL) treatment–
related differentiation syndrome
1. Pathophysiology (Sanz & Montesinos, 2014; Villa 

et al., 2014)
a) APL treatment–related differentiation syn-

drome occurs with APL (M3 leukemia). It 
was initially named retinoic acid syndrome 
because of its association with administra-
tion of ATRA, but the newer term APL treat-
ment–related differentiation syndrome was intro-
duced because it was realized that the syn-
drome occurs with any effective initial treat-
ment for APL (Sanz & Montesinos, 2014).

b) The syndrome is caused by rapid prolifera-
tion and differentiation of white blood cells 
(WBCs). This results in immunologic stimu-



Chapter 17. Pulmonary Toxicities 431

lation by vasoactive cytokines, thus creating 
inflammatory capillary permeability of the 
lungs and a widespread erythematous rash 
(Leblejian et al., 2013; Villa et al., 2014; Wein-
berger & Larson, 2017).

c) It is more a condition of tumor responsive-
ness to therapy than a toxicity.

d) It is unclear whether pulmonary changes are 
related to the disease, rejection phenomena, 
chemotherapy agents, or the combined effects 
of chemoradiation (Nucci et al., 2015; Sanz 
& Montesinos, 2014).

2. Incidence
a) It occurs in approximately 27%–48% of 

patients with APL receiving induction therapy 
(Elemam & Abdelmoety, 2013; Leblejian et 
al., 2013; Lengfelder et al., 2015; Weinberger 
& Larson, 2017). It also has occurred in other 
settings of retinoid administration, empha-
sizing the need for monitoring when admin-
istering any retinoid or other differentiating 
agent (e.g., arsenic trioxide).

b) It has been reported to occur in 10%–15% 
of patients receiving combination retinoid 
and chemotherapy and is more prevalent 
in patients with high WBC counts (Watts & 
Tallman, 2014).

3. Risk factors (Breccia et al., 2012; Villa et al., 2014; 
Weinberger & Larson, 2017)
a) Increased body mass index is the only vali-

dated risk factor that predicts for presence 
of the syndrome (Breccia et al., 2012; Leble-
jian et al., 2013).

b) Induction therapy with active disease is a risk 
factor; the syndrome does not occur dur-
ing consolidation therapy when there is no 
active leukemia.

c) High WBC count may or may not be associ-
ated with increased risk, but it is clear that 
a rapid rise of WBC count, or large percent-
age of immature cells, is related to the pres-
ence of APL treatment–related differentia-
tion syndrome (Leblejian et al., 2013; Watts & 
Tallman, 2014; Weinberger & Larson, 2017).

d) Acute leukemia, M3 subtype, expression of 
CD13 on APL blast cells (Breccia et al., 2014)

(1) CD34/CD2 subgroup shows increased 
risk.

(2) CD56 expression with prevalent bcr3 
expression shows increased risk.

e) Treatment-specific variables
(1) ATRA treatment
(2) Arsenic trioxide
(3) Bortezomib
(4) Azacitidine (Laufer & Roberts, 2015)

4. Clinical manifestations (Dhar & Barman, 2012; 
Weinberger & Larson, 2017)
a) Signs and symptoms include fever, dyspnea, 

cough, hypotension, crackles, hypoxemia, 
musculoskeletal pain (e.g., arthralgias, myal-
gias), effusions, edema, and weight gain more 
than 5 kg from baseline.

b) Rash can be diffuse, erythematous, and non-
pruritic and is more common in severe cases 
(Weinberger & Larson, 2017).

c) Renal dysfunction may occur but often is 
slower in onset than other symptoms, so it may 
be noted after recognition of the syndrome.

d) Approximately one-half of patients have 
symptoms within one week, and the rest 
develop symptoms between the third and 
fourth week of induction therapy (Sanz & 
Montesinos, 2014).

e) Common Terminology Criteria for Adverse 
Events grading (National Cancer Institute 
Cancer Therapy Evaluation Program, 2017)

(1) Weight gain
(a) Grade 1: 5% to less than 10% from 

baseline
(b) Grade 2: 10% to less than 20% 

weight gain from baseline
(c) Grade 3: Greater than or equal 

to 20% weight gain from baseline
(2) Toxicity of differentiation syndrome is 

graded according to severity of symp-
toms.
(a) Grade 1: Fluid retention of less 

than 3 kg requiring interven-
tion with fluid restriction and/or  
diuretics

(b) Grade 2: Moderate signs and symp-
toms requiring steroid adminis-
tration

(c) Grade 3: Severe symptoms and 
hospitalization indicated

(d) Grade 4: Life-threatening conse-
quences with mechanical ventila-
tion indicated

(e) Grade 5: Death due to the disorder
5. Assessment

a) Breath sounds and oxygen saturation
b) Intake and output, weight; monitor for over-

hydration, which may worsen respiratory 
symptoms.

c) Laboratory studies
(1) WBC count with differential daily; 

assessment of blast percentage
(2) Periodic assessment of Hgb, hemato-

crit, and platelet count; anemia and 
thrombocytopenia are common.
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(3) Periodic evaluation of coagulation 
parameters and platelet count; dis-
seminated intravascular coagulation 
may be present.

(4) Renal function tests to monitor for 
impairment; it is unclear if dysfunction 
is related to hypotension or thrombosis 
(Weinberger & Larson, 2017).

d) Chest x-ray or CT: Nodular or ground-glass 
opacities with patchy bilateral distribution, 
consolidation, air bronchograms, prominent 
septal lines, and possible pleural effusions, 
although up to 40% of patients will have no 
initial x-ray findings of peribronchial cuffing 
or increased cardiothoracic ratio (Nucci et 
al., 2015; Weinberger & Larson, 2017).

6. Collaborative management
a) Prevention

(1) Immediate administration of chemo-
therapy when WBC count rises

(2) Fluid management (strict intake and 
output)

b) Although the clinical benefit is still unclear, 
immediate treatment with corticosteroids 
(Sanz & Montesinos, 2014) or conventional 
chemotherapy is still believed by some to 
improve outcomes.

(1) Dexamethasone, which usually inhib-
its inflammatory chemokines, does not 
appear to be effective in reduction of 
this syndrome’s clinical manifestations 
(Aznab & Rezaei, 2017).

(2) If treatment with steroids is selected, 
the usual treatment is dexamethasone 
10 mg IV twice daily for at least three 
days (Sanz & Montesinos, 2014).

(3) Even with steroid treatment, the syn-
drome carries an approximate 10% 
mortality rate (Aznab & Rezaei, 2017).

c) Noninvasive or invasive mechanical ventila-
tion with positive pressure

d) Removal of pleural or pericardial effusions
e) Continuous dialysis has been used with some 

success to remove inflammatory cytokines 
(Villa et al., 2014).

E. Pleural effusions
1. Definition: Accumulation of excess fluid in 

the pleural space that impairs lung expansion. 
Four to six liters of pleural fluid usually pass 
daily through the potential space between the 
visceral and parietal pleura (Villena Garrido 
et al., 2014).

2. Pathophysiology: Excess fluid is retained in 
the pleural space, which restricts full alveolar 

expansion (Muzumdar, 2012; Villena Garrido 
et al., 2014).
a) Major causes of pleural effusion are obstruc-

tion to fluid outflow and pleural irritation 
leading to exudative capillary permeability 
into the space (Muzumdar, 2012).

(1) Mast cell degranulation may mediate 
pleural effusion and potential physiol-
ogy for drug-related effusions (Gian-
nou et al., 2015).

(2) Pleural effusions after HSCT may be 
multifactorial. Engraftment syndrome 
resulting from the treatment and cell 
engraftment has been associated with 
pleural effusions (Brownback et al., 
2014).

b) Transudative effusions are produced by pas-
sive capillary permeability and are character-
istic of fluid overload, heart failure, or hypo-
thyroidism (Dasanu, Jen, & Skulski, 2017; 
Kust et al., 2016).

c) Hydrophilic drugs with low plasma protein 
binding (e.g., methotrexate, pemetrexed) 
may accumulate in the pleural space, enhanc-
ing the incidence of pleural effusion and 
potentiating drug toxicity (Honoré, Joensen, 
Olsen, Hansen, & Mellemgaard, 2014).

3. Incidence of drug-related pleural effusions
a) Incidence varies and is dependent on agent, 

dose, schedule, and comorbid conditions.
b) Incidence can be as high as 54% with some 

agents (Maldonado & Limper, 2017a, 2017b, 
2018).

4. Risk factors
a) Pleural effusions are a common complication 

of cancer and other medical disorders, such 
as cirrhosis, gout, heart failure, infections, 
pneumonia, pulmonary embolism, renal fail-
ure, rheumatoid conditions, or hypothyroid-
ism, and medications, such as valproate and 
clozapine (Findik, 2012).

b) When associated with chemotherapy and 
immunotherapy agents, pleural effusions 
are the result of capillary permeability that 
is temporally related to administration of the 
offending agent. Most resolve with discontin-
uation of treatment.

c) Chemotherapy and immunotherapy agents 
that have been associated with development 
of pleural effusions

(1) Antimetabolites/folate inhibitors (e.g., 
methotrexate, pemetrexed)—eosin-
ophilic pleural effusions (Cudzilo, 
Aragaki, Guitron, & Benzaquen, 2014; 
Honoré et al., 2014)
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(2) Bacillus Calmette Guérin—lympho-
cyte infiltration of the pleura (Tobi-
ume et al., 2014)

(3) Bortezomib (Oudart et al., 2012)
(4) Cytosine arabinoside when combined 

with daunorubicin (He et al., 2014)
(5) Cyclophosphamide (high-dose) (Naka-

zawa et al., 2014)
(6) Kinase BCR-ABL inhibitors (e.g., 

dasatinib, which is the most com-
mon and significant in this drug 
class; imatinib; nilotinib); more com-
mon in second-generation agents 
(Chakraborty, Bossaer, Patel, & Krish-
nan, 2013; Cortes et al., 2015; Eskazan 
et al., 2014; Schiffer et al., 2016)

(7) Docetaxel (Park et al., 2014)
(8) Fludarabine (Nakazawa et al., 2014)
(9) Gemcitabine (Kido et al., 2012)

(10) Immune checkpoint inhibitors 
(e.g., ipilimumab)—late onset and 
uncommon, but may be l inked 
to drug-related hypothyroidism 
(Dasanu et al., 2017)

(11) mTOR inhibitors (e.g., everolimus, tem-
sirolimus) (Fukushima, Saito, Sakata, 
& Sawa, 2013; Willemsen et al., 2016)

(12) Oprelvekin (Wyeth Pharmaceuticals, 
2011)

(13) Sunitinib (Miura et al., 2014)
5. Clinical manifestations and assessment (Muzum-

dar, 2012; Villena Garrido et al., 2014; Willem-
sen et al., 2016)
a) Patients present with tachypnea, dyspnea, 

increased work of breathing, abnormal chest 
excursion, and fatigue.

b) Onset varies by agent and mechanism of tox-
icity; hypersensitivity reactions may occur 
sooner than direct injury (Willemsen et al., 
2016).

c) Large pleural effusions are easily docu-
mented by an upright chest x-ray; smaller 
effusions are seen on chest CT.

d) Tyrosine kinase inhibitor–induced pleu-
ral effusions are characterized by exuda-
tive features and lymphocytic infiltration of 
the pleura.

6. Collaborative management (Kaifi et al., 2012; 
Villena Garrido et al., 2014)
a) In most cases, pleural effusions are uncom-

plicated and spontaneously resolve upon dis-
continuation of the causative agent.

b) Dose reduction has been successful at elim-
inating pleural effusion related to some 
drugs.

c) Concomitant corticosteroids have been effec-
tive at reducing the severity of pleural effu-
sions related to docetaxel.

d) Other treatment strategies have included 
albumin supplementation, fluid restrictions, 
diuretics, and corticosteroids, but these inter-
ventions do not have a body of evidence to sup-
port their use (Villena Garrido et al., 2014).

e) Medical or surgical pleurodesis is rarely 
required to treat drug-induced pleural effu-
sion.

(1) On rare occasions, thoracentesis has 
been performed as a temporary mea-
sure or to rule out other causes of the 
effusion.

(2) Tunneled or temporary pleural cath-
eters may be used with persistent 
drug-related pleural effusion.

F. Pulmonary alveolar proteinosis/pulmonary alveo-
lar phospholipoproteinosis
1. Pathophysiology (Suzuki & Trapnell, 2016)

a) Pulmonary alveolar proteinosis or pulmo-
nary alveolar phospholipoproteinosis is a 
distal airway disorder characterized by accu-
mulation of lipoproteinaceous exudate with 
surfactant components and cell fragments 
that stain positive for periodic acid-Schiff 
protein (Bonella & Campo, 2014; Chan & 
King, 2017a).

b) The thick proteinaceous exudate causes bron-
chiolar occlusion, poor respiratory compli-
ance, and hypoxemia (Bonella & Campo, 
2014; Chan & King, 2017a).

c) Primary pathologic mechanism is likely 
related to GM-CSF deficiency. In adults, it is 
thought to be due to anti–GM-CSF antibodies 
(Ben-Dov & Segal, 2014; Papiris et al., 2014).

d) Gene mutations for normal surfactant pro-
duction and clearance have been implicated 
in the pathophysiology and propensity to 
develop this disorder (Suzuki & Trapnell, 
2016). These genetic variations may be inher-
ited, acquired, or a combination of both eti-
ologies. This suggests that more cases and 
etiologic agents may be identified over time 
(Antoon et al., 2016).

2. Incidence: Rare
3. Risk factors

a) After HSCT (Ansari et al., 2012; Chaulagain, 
Pilichowska, Brinckerhoff, Tabba, & Erban, 
2014; Kaner & Zappetti, 2018)

b) Autoimmune disease or concomitant autoim-
mune pathologic process (e.g., autoimmune 
hemolytic anemia, immune thrombocytope-
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nia); associated with more than 90% of cases 
(Boerner et al., 2016; Bonella & Campo, 2014; 
Chan & King, 2017a)

c) Hematologic malignancies (Chaulagain et 
al., 2014; Papiris et al., 2015)

d) Myelodysplastic syndromes (Ishii et al., 2014)
e) Profound neutropenia at the onset of the 

disorder
f) Infection with Acinetobacter, Aspergillus, Pneu-

mocystis, Nocardia, or Mycobacterium (Arai, 
Inoue, Akira, Nakata, & Kitaichi, 2015; 
Bonella & Campo, 2014; Chan & King, 2017a; 
Shattuck & Bean, 2013)

g) Isolated cases with specific antineoplastic 
agents

(1) Unclear whether disorder is caused by 
antineoplastic agents, such as alkylat-
ing agents, or imatinib, or the under-
lying disease (Yoshimura et al., 2014)

(2) Everolimus (Darley, Malouf, & Glan-
ville, 2016)

4. Clinical manifestations and assessment (Ben-Dov 
& Segal, 2014)
a) Signs and symptoms include dyspnea, 

mainly with exertion; tachypnea; cough; and 
increased work of breathing.

b) Pulmonary alveolar proteinosis/pulmonary 
alveolar phospholipoproteinosis occurs over 
a few days with progressive worsening.

c) CT scan shows widespread air-space consoli-
dation with “crazy-paving” patterns, appear-
ing like octagonal pavement stones pieced 
together, with even, bilateral distribution 
centrally located and sparing the apices and 
costophrenic angle. Pulmonary fibrosis will 
occur over time with long-term pathology 
(Akira et al., 2016; Chan & King, 2017b; Choi 
et al., 2015; Diederich, 2016; Nunomura et 
al., 2016; Shattuck & Bean, 2013).

d) DLCO is below predicted value, but this is a 
nonspecific finding (Bai et al., 2016).

e) Although open lung biopsy has historically 
been the diagnostic test of choice, today 75%–
90% of cases are diagnosed by bronchoscopy 
(Chan & King, 2017a; Kroll, Kumar, Gross-
man, Price, & Srigley, 2016; Q. Mo et al., 2016).

(1) Lung biopsy specimens are positive for 
periodic acid-Schiff stain.

(2) Lavage specimens are cloudy, with alve-
olar macrophages and eosinophils.

(3) Myelin-like lamellar bodies are pres-
ent (Huang et al., 2016; Yi et al., 2012).

f) High serum titer of immunoglobulin G anti–
GM-CSF antibodies is an indicator of pulmo-
nary alveolar proteinosis/pulmonary alve-

olar phospholipoproteinosis (Ben-Dov & 
Segal, 2014).

g) Other markers include increased lac-
tate dehydrogenase, high total choles-
terol and low-density lipoprotein, carcino-
embryonic antigen, CA 19-9, CYFRA 21-1, 
neuron-specific enolase, and GATA2 defi-
ciency (Chan & King, 2017a; Griese et al., 
2015; Li et al., 2014; Q. Mo et al., 2016).

h) Induced sputum may be helpful but is not as 
accurate as bronchoalveolar lavage (Huang 
et al., 2016).

i) The syndrome usually corrects itself when 
patients go into remission or recover nor-
mal WBC counts.

j) It may be fatal in patients with persistent 
disease or those who fail to recover counts 
(Chaulagain et al., 2014).

5. Collaborative management (Ben-Dov & Segal, 
2014; Bonella & Campo, 2014;  Campo et al., 
2012; Chan & King, 2017b)
a) Whole lung lavage: An operative procedure 

where single lung ventilation is performed 
during warmed saline flushing of the other 
lung; may require multiple procedures. 
Repeated whole lung lavage procedures may 
be necessary (Abdelmalak, Khanna, Culver, 
& Popovich, 2015; Zhang et al., 2016).

b) Antibiotics to treat causative organisms or 
prevent secondary infections (Chan & King, 
2017b)

c) Chest percussion (Vymazal & Krecmerova, 
2015)

d) GM-CSF subcutaneously or by inhalation over 
8–12 weeks (Papiris et al., 2014; Satoh et al., 
2012; Tazawa et al., 2014)

e) Rituximab (Garber, Albores, Wang, & Neville, 
2015; Malur et al., 2012; Nagasawa, Kurasawa, 
& Hanaoka, 2016)

f) Corticosteroids have been used to treat this 
disorder and have a strong scientific basis 
validated by the inflammatory nature of this 
disorder. Despite their extensive use, some 
authors believe them to be ineffective in alter-
ing the disease course (Akasaka et al., 2015; 
Chan & King, 2017b).

g) Hydration, sputum expectoration, and bron-
chodilators (Vymazal & Krecmerova, 2015)

h) Investigational use of plasmapheresis to 
remove GM-CSF antibodies (Garber et al., 
2015)

G. Pulmonary VOD
1. Pathophysiology (Mandel & LeVarge, 2018a; Ols-

son & Palazzini, 2015)
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a) Subgroup of patients with pulmonary arteri-
olar hypertension who subsequently develop 
venous pathology as well. Also called obstruc-
tive disease in the pulmonary veins or iso-
lated pulmonary venous sclerosis

b) Endothelial wall damage is the proposed 
mechanism of injury.

c) Post-capillary pulmonary venular obstruc-
tion occurs with fibrous tissue that becomes 
dense and sclerotic.

(1) Calcium deposits in elastic fibers of 
venule walls

(2) Engorgement of alveolar capillaries
(3) Dilated lymphatics with interstitial 

edema
(4) Venous fibrosis

d) It is unclear whether pulmonary changes are 
related to the disease, rejection phenomena, 
chemotherapy agents, or the combined effects 
of chemoradiation (Cutler, 2017).

e) Pulmonary VOD presents 40–60 days after 
HSCT as hypoxemia, volume-dependent 
hypotension, atrial arrhythmias, right bundle 
branch block, or hepatic congestion (Kaner 
& Zappetti, 2018).

2. Incidence
a) Pulmonary VOD is an infrequent manifesta-

tion of endothelial injury, occurring in less 
than 2% of HSCT recipients (Tewari, Wallis, 
& Kebriaei, 2017).

b) Incidence is likely underestimated because 
symptoms mimic other adverse effects.

c) Pulmonary VOD possibly accounts for 
5%–10% of all cases of idiopathic pulmonary 
hypertension (Mandel & LeVarge, 2018a; Ols-
son & Palazzini, 2015).

3. Risk factors (Bishop, Mauro, & Khouri, 2012; 
Mandel & LeVarge, 2018a)
a) HSCT, especially matched unrelated trans-

plant recipients and those with graft-versus- 
host disease (Tewari et al., 2017)

b) High-dose alkylating agents: Busulfan, carmus-
tine, other alkylating agents used for the prepar-
ative regimen for HSCT (Ranchoux et al., 2015)

c) Other agents: Dasatinib, interferon alfa-2a, 
mitomycin (Buchelli Ramirez, Álvarez Álva-
rez, Rodríguez Reguero, García Clemente, 
& Casan Clarà, 2014; Morishita et al., 2016; 
Papani, Duarte, Lin, Kuo, & Sharma, 2017; 
Perros et al., 2015)

d) Prior lung injury; familial pulmonary hyper-
tension

e) Viral illnesses (e.g., cytomegalovirus, 
Epstein-Barr virus)

f) Thrombotic disorders

4. Clinical manifestations and assessment
a) Subtle and vague symptoms: Dyspnea, fatigue
b) Heart failure symptoms (Mandel & LeVarge, 

2018a; Olsson & Palazzini, 2015)
(1) Right heart failure early: Elevated 

jugular venous pressure, hepatomeg-
aly, edema

(2) Left heart failure later: Crackles, heart 
murmurs and gallops, subxiphoid 
retraction, oliguria

c) Definitive diagnosis requires a right heart 
catheterization, but risk of bleeding is high. 
Elevated right heart pressures on echocar-
diogram may be suggestive of this disorder.

d) CT demonstrates patchy, ground-glass, or 
nodular infiltrates with perihilar distribu-
tion and engorgement of major central pul-
monary veins that are unique to pulmonary 
VOD, differentiating pulmonary hyperten-
sion from other causes (Mandel & LeVarge, 
2018b; Mineo et al., 2014).

e) Bronchoscopic examination shows hyper-
emia of lobar and segmental bronchi with 
vascular engorgement (Mandel & LeVarge, 
2018b).

5. Collaborative management (Mandel & LeVarge, 
2018b; Olsson & Palazzini, 2015)
a) Correct etiologic factors (e.g., viral infec-

tions, disseminated intravascular coagula-
tion, offending medications).

b) Avoid calcium channel blockers and prostacy-
clins (usual treatments for pulmonary hyper-
tension), which can cause pulmonary edema 
in pulmonary VOD (Bishop et al., 2012; Man-
del & LeVarge, 2018b).

c) Nitric oxide, prostanoids, endothelin-1 recep-
tor antagonists, and phosphodiesterase inhib-
itors have been used with limited success 
(Bishop et al., 2012).

d) If an autoimmune component is present 
(e.g., graft-versus-host disease), corticoste-
roids may be beneficial (Mandel & LeVarge, 
2018b).

e) Anticoagulant, antiplatelet, and fibrinolytic 
agents used with hepatic VOD have not been 
proved effective and may increase bleeding 
risk (Mandel & LeVarge, 2018b).

f) Differential diagnosis between pulmonary 
VOD and other etiologies of pulmonary hyper-
tension is essential to ensure appropriate treat-
ment with minimization of adverse effects.

g) Pulmonary VOD has a poor prognosis, even 
when identified early, but it has been revers-
ible in cases of dasatinib etiology (Buchelli 
Ramirez et al., 2014).
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H. Patient and family education (Camp-Sorrell, 2018)
1. Provide education regarding symptoms associ-

ated with pulmonary toxicity (e.g., cough, dys-
pnea, chest pain, shallow breathing, chest wall 
discomfort). Make sure all patients know to 
seek medical assistance immediately if symp-
toms occur.

2. Advise smoking cessation or reduction, as any 
reduced exposure may reverse lung changes and 
slow the progression of interstitial lung disease 
(Margaritopoulos et al., 2015).

3. Inform patients that treatment may be delayed 
or held until pulmonary symptoms resolve.

4. Explore with patients their wishes regarding 
intubation and resuscitation status; establish 
advance directives.

5. Teach patients that raising the head of the bed 
may facilitate breathing.

6. Instruct patients to conserve energy by per-
forming daily activities when their energy level 
is highest.

7. Teach patients and significant others methods 
to decrease symptoms of dyspnea (e.g., exercis-
ing to tolerance, practicing pursed-lip breath-
ing, refraining from smoking, using a small fan).

8. Teach patients to take an opioid (e.g., morphine) 
as prescribed by their physician to relieve dis-
comfort caused by air hunger.

9. Review the safety issues (e.g., flammability) 
related to oxygen administration.
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CHAPTER 18

Hepatic Toxicities

A. Overview
1. More than 900 drugs and toxins, including anti-

neoplastics and herbs, may cause liver dysfunc-
tion (Livshits, Rao, & Smith, 2014; Mehta, 2016).

2. Functions of the liver (Lee & Chan, 2016; Perry, 
2012)
a) Filters toxic substances
b) Works with spleen to eliminate damaged red 

blood cells
c) Produces bile, which aids in absorption and 

digestion of fats, allowing for excretion of 
waste products

d) Synthesizes procoagulant proteins, also 
referred to as clotting factors (e.g., FII, FV, 
FVII, FIX, FX, FXI), which promote the 
maintenance of normal homeostasis (Kujo-
vich, 2015)

e) Processes and stores vitamins, minerals, pro-
teins, fats, and glucose

B. Pathophysiology
1. Drug toxicity mechanisms (Floyd & Kerr, 2017; 

Lisi, 2016; Mehta, 2016; Njoku, 2014)
a) Intrinsic: Directly affect liver; liver toxic-

ity induced by drug that is predictable and 
dose related

b) Idiosyncratic: Occur less frequently; associ-
ated with less consistent dose–toxicity rela-
tionship and varied presentation

2. Mechanisms of injury resulting from cancer ther-
apies (Chen, Suzuki, Borlak, Andrade, & Lucena, 
2015; Fontana, 2014; Larson, 2017; Mehta, 2016)
a) Disruption of hepatocytes: Adenosine tri-

phosphate levels decrease because of cova-
lent binding of drugs to intracellular pro-
teins, leading to actin disruption. Disassem-
bling of actin fibrils on hepatocyte surfaces 
causes blebs and membrane rupture, result-
ing in hepatic injury, inflammation, fibrosis, 
and carcinogenesis (Mehta, 2016).

b) Disruption of transport proteins: Bile flow 
may be interrupted by drugs affecting trans-
port proteins at the canalicular membrane. 

Loss of villous processes and transport pump 
interruption prevent bile excretion, causing 
cholestasis.

c) Cytolytic T-cell activation: Immune response 
is stimulated by the covalent binding of drugs 
with cytochrome P450 (CYP) enzymes acting 
as an immunogen, activating T cells and cyto-
kines and resulting in an immune response 
to infection or tissue damage (Frick et al., 
2017; Mehta, 2016).

d) Apoptosis of hepatocytes: Apoptotic pathways 
activated by the tumor necrosis factor-alpha 
receptor Fas may trigger a cascade of inter-
cellular caspases, resulting in programmed 
cell death.

e) Disruption of mitochondria: Specific drugs 
inhibit synthesis of nicotinamide adenine 
dinucleotide and flavin adenine dinucleo-
tide, resulting in decreased adenosine tri-
phosphate production.

f) Injury of bile ducts: Toxic metabolites 
excreted in bile can cause injury to the bile 
duct epithelium.

g) Hypersensitivity/immune-mediated reac-
tions: Antigen recognition by helper T cells 
occurs in relation with key cytokines.

h) Genetic differences in CYP protein: These 
differences can result in abnormal metabolic 
reactions to drugs; for example, increased 
toxicity can occur in genetically predisposed 
individuals such as those who are female or 
obese (Mehta, 2016; Njoku, 2014).

3. Age-specific considerations
a) Pediatric considerations (Ali, Charoo, & 

Abdallah, 2014; Barrett, Patel, Dombrowsky, 
Bajaj, & Skolnik, 2013; Benn, 2014)

(1) Developmental changes in liver metab-
olism from birth to adolescence con-
tribute to the increased sensitivity to 
toxins in the pediatric population, 
demonstrated by drug half-life that is 
more than two to three times longer 
(Benn, 2014).
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(2) Plasma protein binding and partition-
ing are different in the pediatric popu-
lation and fluctuate constantly during 
early years, resulting in how the drug 
is distributed (Ali et al., 2014).

(3) Age-related differences in pharmaco-
kinetics, particularly in infants and 
neonates, are important to recognize 
because pH and motility affect gastroin-
testinal absorption, body composition 
alters distribution, and clearance sys-
tems are not mature (Ali et al., 2014; 
Benn, 2014).

(4) Drugs known to cause hepatotoxicity 
in children (Barrett et al., 2013; Cha-
lasani et al., 2014; Chen et al., 2015)
(a) Analgesics
(b) Antibiotics
(c) Anticonvulsants
(d) Antineoplastic drugs

(5) Frequent monitoring of liver enzymes 
(Barrett et al., 2013)

b) Geriatric considerations
(1) Developmental changes in liver metab-

olism in older adults (Mehta, 2016)
(a) Increased risk of hepatic injury
(b) Decreased clearance
(c) Drug–drug interactions
(d) Reduced hepatic blood flow
(e) Varied drug binding
(f) Lower hepatic volume

(2) Drugs known to cause hepatotoxic-
ity in older adults (Stine, Sateesh, & 
Lewis, 2013)
(a) Analgesics, including nonsteroi-

dal anti-inflammatory drugs
(b) Non-narcotic pain medications, 

including tricyclic antidepres-
sants, muscles relaxants, and ben-
zodiazepines

(c) Antibiotics
(d) Cardiovascular drugs
(e) Herbal therapies
(f) Psychoneurotic drugs
(g) Antituberculosis drugs
(h) Antineoplastic drugs

C. Incidence (see Table 18-1)

D. Risk factors
1. Race: Variable toxicities (Chalasani et al., 2014; 

Mehta, 2016)
2. Age: Rare in children, increased in older adults 

(Chalasani et al., 2014; Chen et al., 2015)
3. Sex: Common in females (Mehta, 2016)

4. History of alcohol use (depletes glutathione); 
smoking; illicit drug use

5. History of liver disease: Cirrhosis, Budd-Chiari 
syndrome, alpha-1 antitrypsin deficiency, hemo-
chromatosis, Wilson disease (Leise, Poterucha, 
& Talwalkar, 2014; Mehta, 2016)

6. History of infections: HIV, hepatitis B, hepati-
tis C (Chalasani et al., 2014; Leise et al., 2014)

7. Genetic factors: Rate of metabolism of CYP 
enzymes differs among individuals (Chalasani 
et al., 2014; Chen et al., 2015; Leise et al., 2014; 
Mehta, 2016).

8. Comorbidities: Obesity, malnutrition, diabetes 
mellitus (Mehta, 2016)

9. Drug formulations (intrahepatic chemotherapy), 
drug interactions, and polypharmacy (noncy-
totoxic hepatotoxic drugs or herbal products) 
(Chalasani et al., 2014; Chen et al., 2015; Leise 
et al., 2014; Mehta, 2016)

10. History of transplantation: Liver, kidney, stem 
cell transplant (Mehta, 2016)

11. Prior radiation therapy (Chen et al., 2015; 
Mehta, 2016)

E. Clinical manifestations
1. Variable from asymptomatic laboratory abnor-

malities to acute illness to overt hepatic failure 
(Floyd & Kerr, 2017; Mehta, 2016)

2. Elevations in aminotransferases (aspartate ami-
notransferase, alanine aminotransferase) indic-
ative of hepatocellular injury; portal hyperten-
sion (Floyd & Kerr, 2017; Mehta, 2016)

3. Elevations in bilirubin and alkaline phospha-
tase suggestive of cholestasis

4. Signs and symptoms of cancer treatment–related 
hepatotoxicity (Floyd & Kerr, 2017; Mehta, 2016; 
Roesser, 2014)
a) Malaise, myalgia, arthralgia, low-grade fever
b) Gastrointestinal symptoms (anorexia, nausea, 

vomiting, right upper quadrant pain, acholic 
stools that are pale, clay-like, or putty-colored 
due to problems in the biliary system)

c) Jaundice, hyperpigmentation, ascites
d) Dark-colored urine
e) Pruritus
f) Hepatomegaly
g) Coagulopathy; bruising or bleeding
h) Hepatic encephalopathy
i) Hypersensitivity reactions (fever, rash, mono-

nucleosis illness; additional evidence of tox-
icity to other organs)

F. Pathologic manifestations associated with drug toxicity 
in the liver (Botti et al., 2016; Gordon et al., 2017; Lar-
son, 2017; Mehta, 2016; Tewari, Wallis, & Kebriaei, 2017)



Chapter 18. Hepatic Toxicities 447

Table 18-1. Hepatotoxicity of Antineoplastic Agents

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents

Alkylating 
agents

Bendamustine
(Bendeka®, Tre-
anda®)

Fatal and severe cases of liver 
injury reported due to confounding 
factors including combination ther-
apy, disease progression, or HBV 
reactivation 3 months after treat-
ment

Monitor LFTs prior to and during treatment.
No formal studies have been done on the impact of 

hepatic dysfunction on drug pharmacokinetics.
Avoid administration in patients with preexisting 

moderate to severe hepatic impairment (transami-
nases > 2.5 × ULN or total bilirubin > 1.5 × ULN

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Busulfan
(IV: Busulfex®; oral: 
Myleran®)

Increased risk for SOS (area under 
the curve greater than 1,500 µM × 
min) with 8% incidence in setting of 
allogeneic HSCT; overall incidence 
of 7.7%–12%; jaundice, hepatic 
necrosis, hepatomegaly; SOS with 
incidence of 20%–50% after HSCT

Monitor transaminases, ALP, and bilirubin daily until 
day +28 post-HSCT to detect hepatotoxicity, which 
may indicate SOS.

Busulfan has not been studied in patients with 
hepatic dysfunction. Consider therapeutic drug 
monitoring with high doses.

(NIDDK & NLM, n.d.; U.S. FDA, n.d.)

Chlorambucil
(Leukeran®)

Jaundice, hepatotoxicity No formal studies have been conducted in patients 
with hepatic dysfunction.

Monitor closely in patients with hepatic impairment.
Dose reduction may be considered, as no specific 

recommendations exist because of insufficient 
data.

(U.S. FDA, n.d.)

Cyclophosphamide
(Cytoxan®)

SOS (risk factor with cytoreductive 
regimen for HSCT using cyclophos-
phamide, whole body irradiation, 
busulfan, or other agents), jaundice, 
cholestatic hepatitis, cytolytic hepa-
titis, hepatitis, cholestasis, hepato-
toxicity with hepatic failure, hepatic 
encephalopathy, ascites, hepato-
megaly, elevated LFTs

Dose reduction of 25% is recommended for serum 
bilirubin of 3.1–5 mg/dl or AST > 3 × ULN. Do not 
give if bilirubin > 5 mg/dl.

Hepatic impairment reduced conversion of the 
drug to active metabolite, demonstrating pos-
sibly decreased efficacy. Patients with severe 
hepatic dysfunction have 40% decrease in total 
body clearance and 64% prolongation in elimina-
tion half-life.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Dacarbazine Hepatic necrosis, hepatic vein 
thrombosis (0.01% incidence)

Monitor for signs of liver toxicity.
(Hospira, Inc., 2016)

Ifosfamide
(Ifex®)

Hepatic failure, fulminant hepatitis, 
SOS, portal vein thrombosis, cyto-
lytic hepatitis, cholestasis (1.8% 
incidence), jaundice, hepatorenal 
syndrome, elevated ALT/AST, ALP, 
GGT, LDH, and bilirubin

Dose reduction of 25% is recommended with signifi-
cant hepatic dysfunction (AST > 300 IU/L or biliru-
bin > 3 mg/dl).

No formal studies have been conducted in patients 
with hepatic dysfunction; use caution with admin-
istration.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Melphalan
(Alkeran®, 
Evomela®)

Transient LFT abnormalities with 
high-dose use in HSCT; SOS (infre-
quent), jaundice

Monitor LFTs.
(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Temozolomide
(Temodar®)

Fatal and severe hepatotoxicity has 
been reported; elevated transam-
inases and bilirubin, cholestasis, 
hepatitis

Monitor LFTs at baseline, midway through the first 
cycle, prior to each subsequent cycle, and approxi-
mately 2–4 weeks after the last dose.

(U.S. FDA, n.d.)

(Continued on next page)
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Table 18-1. Hepatotoxicity of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Alkylating 
agents (cont.)

Trabectedin
(Yondelis®)

Severe hepatotoxicity including liver 
failure can occur; one trial reported 
35% incidence of grade 3–4 ele-
vations in LFTs (AST/ALT, biliru-
bin, ALP); 1.3% incidence of drug-
induced liver injury (ALT/AST > 3 × 
ULN, ALP < 2 × ULN, and bilirubin 
> 2 × ULN); and 18% incidence of 
ALT/AST > 8 × ULN.

Monitor LFTs prior to each treatment and as clini-
cally indicated.

Manage LFT elevations based on severity of LFTs 
by interrupting treatment, reducing the dose, or 
permanently discontinuing the drug.

(U.S. FDA, n.d.)

Antimetabolites Capecitabine
(Xeloda®)

Hyperbilirubinemia, hepatic fibrosis 
(0.1%), hepatitis (0.1%), cholestatic 
hepatitis (0.1%)

Hold drug for grade 3–4 elevations in bilirubin until 
bilirubin recovers to < 3 × ULN, then resume at 
75% of starting dose for first occurrence and 50% 
of starting dose for second occurrence.

Discontinue drug at third occurrence.
(U.S. FDA, n.d.)

Clofarabine (Clolar®) Increased risk for SOS in HSCT 
recipients who received clofarabine 
in combination with other chemo-
therapy agents (etoposide, cyclo-
phosphamide); severe and fatal 
hepatotoxicity (hepatitis and hepatic 
failure) has occurred; elevations 
in AST/ALT and bilirubin usually 
occur within 10 days (grade 3–4); 
decreased AST/ALT, bilirubin (grade 
2) within 15 days

Monitor liver function and for signs and symptoms of 
hepatitis and hepatic failure.

Discontinue if grade 3 or greater increase in bil-
irubin; can restart at 25% dose reduction once 
patient is stable and organ function is at baseline.

(U.S. FDA, n.d.)

Cytarabine Elevated bilirubin Monitor LFTs periodically.
Dose reduction of 50% is recommended with any 

aminotransferase elevations.
(Floyd & Kerr, 2017; Pfizer Inc., 2011; U.S. FDA, 

n.d.)

5-Fluorouracil
(5-FU; Adrucil®)

Transient elevations in aminotrans-
ferases associated with hepatic ste-
atosis; rare cases of acute liver 
injury with jaundice

Omit doses with liver failure (bilirubin > 5 mg/dl).
No clear data exist on monitoring of LFTs.
(Floyd & Kerr, 2017; NIDDK & NLM, n.d.)

Floxuridine
(FUDR®)

Increased AST/ALT, ALP, and biliru-
bin; biliary sclerosis (1%–26%)

Check LFTs at least weekly during therapy and after 
drug has been discontinued if hepatic toxicity is 
evident.

(Floyd & Kerr, 2017)

Gemcitabine
(Gemzar®)

Transient elevation in aminotransfer-
ases; liver failure and death (rare); 
increased ALP, hepatic transamini-
tis (> 20%)

Monitor hepatic function prior to starting and during 
treatment.

Discontinue drug for severe hepatotoxicity.
(Floyd & Kerr, 2017; U.S. FDA, n.d.)

(Continued on next page)
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Table 18-1. Hepatotoxicity of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Antimetabolites 
(cont.)

6-Mercaptopurine
(6-MP; Purinethol®)

Intrahepatic cholestasis, parenchy-
mal cell necrosis; jaundice (40%, 
appearing as early as 1 week or as 
late as 8 years after starting treat-
ment), ascites, hepatic encephalop-
athy; hepatotoxicity most common 
when daily dose > 2 mg/kg; chole-
static liver damage and hepatocel-
lular injury (30 days after initiation, 
moderate elevations in serum ami-
notransaminases and ALP, bilirubin 
of 3–7 mg/dl)

Monitor LFTs (transaminases, ALP, bilirubin) prior to 
starting, then weekly, followed by monthly there-
after.

Consider dose reduction in patients with hepatic 
impairment.

Hold drug if signs of jaundice or hepatomegaly.
Discontinue drug if LFTs continue to deteriorate and 

for toxic hepatitis or biliary stasis.
(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Methotrexate Acute transaminitis (60%–80% in 
those receiving high-dose ther-
apy, with return to baseline in 1–2 
weeks); risk for cirrhosis and fibrosis 
(in those receiving chronic low-dose 
therapy usually after > 2 years)

Obtain baseline hepatic enzymes prior to start of 
therapy, then every 1–2 months.

Discontinue drug for moderate fibrosis.
(U.S. FDA, n.d.)

Nelarabine  
(Arranon®)

Elevated AST (6%); elevated trans-
aminases (12%) and elevated biliru-
bin (10%) in pediatric patients

Monitor LFTs closely because of risk for adverse 
reactions with severe hepatic impairment (total bili-
rubin > 3 × ULN).

(U.S. FDA, n.d.)

Pemetrexed
(Alimta®)

Elevated ALT/AST (8%–10%) Monitor LFTs periodically. Hold for hepatic toxicity 
for grade > 3, then resume upon recovery of LFTs 
to baseline or lower with 75% of previous dose for 
bilirubin > 3 × ULN or transaminases > 5 × ULN.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Pentostatin 
(Nipent™)

Elevations in LFTs and hepatic dis-
orders (2%)

Monitor LFTs.
(Hospira, Inc., 2018; NIDDK & NLM, n.d.)

Pralatrexate
(Folotyn®)

Liver abnormalities observed after 
drug administration

Monitor LFTs prior to start of first and fourth dose of 
given cycle. Consider dose modification with per-
sistent LFT abnormalities.

Do not give if bilirubin > 3–10 × ULN or transami-
nases > 5–20 × ULN.

Discontinue treatment for bilirubin > 10 × ULN or 
transaminases > 20 × ULN.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Thioguanine
(Tabloid®)

Jaundice; development of SOS 
(hyperbilirubinemia, tender hepa-
tomegaly, weight gain due to fluid 
retention, ascites); portal hyperten-
sion; single case of peliosis hepatis; 
liver toxicity prevalent in men, high 
proportion in children

Monitor LFTs (transaminases, ALP, bilirubin) weekly 
upon starting, then monthly.

Hold drug if toxic hepatitis or biliary stasis occurs. 
Discontinue drug with further liver toxicity, includ-
ing jaundice.

(U.S. FDA, n.d.)

Antitumor anti-
biotics

Bleomycin
(Blenoxane®)

Transient ALT elevations associated 
when drug given in combination 
with other agents

Effects of hepatic insufficiency on drug pharmacoki-
netics have not been evaluated.

(NIDDK & NLM, n.d.; U.S. FDA, n.d.)

(Continued on next page)
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Table 18-1. Hepatotoxicity of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Antitumor anti-
biotics (cont.)

Dactinomycin
(Cosmegen®)

Transient elevations in aminotrans-
ferases; right upper quadrant pain 
in pediatric patients (with prior radi-
ation therapy); hepatopathy-throm-
bocytopenia syndrome in 1% in 
those treated with Wilms tumor; SOS 
reported, particularly in children < 48 
months; ascites, hepatomegaly, hep-
atitis, hepatic failure with reports of 
death, SOS associated with clotting 
disorder and multiorgan failure

Assess LFTs frequently.
(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Mitomycin
(Mitosol®)

Transient ALT elevations; rare cases 
of SOS with high doses

Dose adjustments from case reports include 50% 
dose reduction with bilirubin 1.5–3 mg/dl, 75% 
dose reduction with bilirubin > 3.1 mg/dl, and 50% 
dose reduction with bilirubin > 3 mg/dl or hepatic 
enzymes > 3 × ULN.

(Floyd & Kerr, 2017; NIDDK & NLM, n.d.)

Mitoxantrone
(Novantrone®)

Increased drug concentration with 
severe hepatic impairment

Monitor LFTs prior to each course of treatment.
Standard dose of 14 mg/m2 is recommended for 

moderate dysfunction (bilirubin 1.5–3.5 mg/dl), 
and reduction of dose to 8 mg/m2 or avoidance 
of administration is recommended with severe 
hepatic impairment and bilirubin > 3.5 mg/dl.

Patients with multiple sclerosis and hepatic impair-
ment should not receive mitoxantrone.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Antitumor anti-
biotics: Anthra-
cyclines

Daunorubicin
(Cerubidine®)

May impair liver function and 
increase risk of toxicity

Dose reduction with hepatic impairment: if bilirubin 
is 1.2–3 mg/dl, reduce to 75% of usual daily dose; 
if bilirubin > 3 mg/dl, reduce to 50% of usual daily 
dose

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Doxorubicin
(Adriamycin®)

Increased aminotransferases and 
hyperbilirubinemia

Monitor LFTs (ALT/AST, ALP, bilirubin). Dose reduc-
tion of 50% is recommended for bilirubin of 1.2–3 
mg/dl, and 75% dose reduction is recommended 
for bilirubin of 3.1–5 mg/dl.

Do not give if bilirubin > 5 mg/dl.
(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Doxorubicin liposo-
mal injection
(Doxil®)

Impaired liver function, hepatitis 
(< 1%)

Monitor LFTs (ALT/AST, ALP, bilirubin). Dose reduc-
tion of 50% is recommended for bilirubin of 1.2–3 
mg/dl, and 75% dose reduction is recommended 
for bilirubin of 3.1–5 mg/dl.

Do not give if bilirubin > 5 mg/dl.
(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Epirubicin
(Ellence®)

Elevated bilirubin or AST, which 
may delay drug clearance, increas-
ing risk for toxicity

Monitor bilirubin and AST before and during treat-
ment. Avoid use in patients with hepatic impair-
ment; no evaluations have been conducted.

Dose reduction is recommended for elevated biliru-
bin or aminotransferase levels: if bilirubin is 1.2–3 
mg/dl or AST > 2–4 × ULN, reduce dose to 50% of 
recommended starting dose; if bilirubin > 3 mg/dl 
or AST > 4 × ULN, reduce dose to 25% of recom-
mended starting dose.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

(Continued on next page)
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Table 18-1. Hepatotoxicity of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Antitumor anti-
biotics: Anthra-
cyclines (cont.)

Idarubicin
(Idamycin®)

Impaired drug metabolism caused 
by moderate to severe hepatic dys-
function, which may lead to elevated 
drug concentrations; severe hepatic 
changes (< 5%)

Monitor bilirubin prior to and during treatment.
Drug pharmacokinetics have not been evaluated in 

patients with hepatic impairment.
Consider dose reduction with elevated bilirubin.
(U.S. FDA, n.d.)

Miscellaneous Arsenic trioxide
(Trisenox®)

Elevations in ALT/AST (> 5%) Monitor LFTs with patients with severe hepatic 
impairment.

(U.S. FDA, n.d.)

Asparaginase
(Elspar®)

Fulminant hepatic failure; moderate 
reversible elevation of aminotrans-
ferases, bilirubin, and ALP

Monitor LFTs at baseline and periodically during 
treatment.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Asparaginase 
Erwinia chrysan-
themi
(Erwinaze®)

Mild elevations in bilirubin, transam-
inases (4%)

Monitor LFTs at baseline and periodically during 
treatment.

(U.S. FDA, n.d.)

Bexarotene
(Targretin®)

Elevations of ALT (2%–9%), AST 
(5%–7%), and bilirubin (0%–6%)

Monitor LFTs at baseline, after weeks 1, 2, and 4, 
and if stable, then every 8 weeks thereafter. Con-
sider holding or discontinuing drug if ALT/AST or 
bilirubin > 3 × ULN.

No studies have been done in patients with hepatic 
insufficiency.

(U.S. FDA, n.d.)

Eribulin mesylate
(Halaven®)

Grade 2 or elevated ALT (18%); 
elevated bilirubin; mild to moder-
ate hepatic dysfunction (increase of 
drug exposure by 1.8–2.5-fold)

Dose reduction is recommended in patients with 
hepatic dysfunction, with a dose of 1.1 mg/m2 in 
mild (Child-Pugh A) and 0.7 mg/m2 in moderate 
(Child-Pugh B) hepatic impairment.

No studies have been done in patients with severe 
hepatic impairment.

(U.S. FDA, n.d.)

Hydroxyurea
(Hydrea®)

Elevated ALT/AST, ALP, and bili-
rubin

Monitor LFTs closely.
No specific guidance is available on dosing adjust-

ment in patients with hepatic dysfunction.
(U.S. FDA, n.d.)

Ixabepilone
(Ixempra®)

Elevated ALT/AST and bilirubin Monitor LFTs periodically. Recommended dosing is 
40 mg/m2 for bilirubin ≤ 1 × ULN and ALT/AST ≤ 
2.5 × ULN, 32 mg/m2 for bilirubin ≤ 1.5 × ULN and 
ALT/AST ≤ 10 × ULN (32 mg/m2), and 20–30 mg/
m2 for bilirubin > 1.5 to ≤ 3 × ULN and ALT/AST ≤ 
10 × ULN.

Drug is not recommended if bilirubin > 3 × ULN and 
ALT/AST > 10 × ULN; do not give with capecitabine 
if bilirubin > 2.5 × ULN and ALT/AST > ULN.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Procarbazine
(Matulane®)

Cause of granulomatous hepatitis; 
hepatic dysfunction, jaundice 

Monitor LFTs prior to treatment and then at least 
weekly.

(Floyd & Kerr, 2017; Sigma-Tau Pharmaceuticals, 
Inc., 2008)

Nitrosoureas Carmustine
(BiCNU®, Gliadel®)

Increased LFTs (transaminases, 
ALP, bilirubin) (20%–25%, occurring 
as late as 4 months after treatment)

Monitor LFTs periodically.
(Floyd & Kerr, 2017; U.S. FDA, n.d.)

(Continued on next page)
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Table 18-1. Hepatotoxicity of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Nitrosoureas 
(cont.)

Lomustine
(Gleostine®)

Elevated transaminases, ALP, and 
bilirubin 

Monitor LFTs.
(U.S. FDA, n.d.)

Streptozocin
(Zanosar®)

Hepatocellular injury (15%–67%, 
occurring within few days to weeks 
after treatment)

Monitor LFTs during therapy.
(Floyd & Kerr, 2017; Teva Parenteral Medicines, Inc., 

2012)

Plant alkaloids: 
Camptothecins

Irinotecan
(Camptosar®)

Elevated bilirubin (> 30%) Dose reduce with increased bilirubin. Do not admin-
ister in patients with bilirubin > 2 mg/dl or transami-
nases > 3 × ULN if no liver metastasis or transami-
nases > 5 × ULN with liver metastasis.

(U.S. FDA, n.d.)

Plant alkaloids: 
Epipodophyllo-
toxins

Etoposide Transient elevated ALT; not usually 
hepatotoxic at standard dosing

Monitor LFTs.
(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Plant alkaloids: 
Taxanes

Cabazitaxel
(Jevtana®)

Elevated ALT/AST and bilirubin No studies in patients with impaired hepatic func-
tion have been published. It is recommended to 
not give drug with bilirubin > 3 × ULN and to dose 
reduce with mild to moderate hepatic dysfunction 
(bilirubin above ULN or AST > 1.5 × ULN).

Drug is not recommended in patients with hepatic 
impairment.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Docetaxel
(Taxotere®)

Transient elevations in ALP, ALT/
AST, and bilirubin (5%–20%); 
decreased clearance with elevated 
bilirubin and/or transaminases

Monitor LFTs prior to each cycle of treatment. It is 
recommended to not give drug if baseline bilirubin 
is above ULN or AST > 1.5 × ULN with ALP > 2.5 
× ULN.

Dose reduce by 20%–40% with grade 2–3 eleva-
tions in aminotransferases > 2.5 to < 5 × ULN at 
baseline with elevated ALP.

Discontinue drug if ALT/AST > 5 × ULN and/or ALP 
> 5 × ULN.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Paclitaxel
(Taxol®)

Transient elevations in ALP, AST, 
and bilirubin (5%–20%); hepatic 
necrosis and hepatic encephalopa-
thy have been reported

Monitor LFTs. Dose modifications for preexisting 
liver disease include total dose of 175 mg/m2 for 
bilirubin ≤ 1.25 × ULN and AST < 10 × ULN; total 
dose of 135 mg/m2 for bilirubin 1.26–2 × ULN and 
aminotransferases < 10 × ULN; and total dose of 
90 mg/m2 for bilirubin 2.01–5 × ULN and amino-
transferases < 10 × ULN.

Drug is not recommended in patients with bilirubin 
> 5–7.5 × ULN or aminotransferases ≥ 10 × ULN.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Plant alkaloids: 
Vinca alkaloids

Vincristine sulfate 
(Oncovin®)
Vincristine sulfate 
liposome
(Marqibo®)

Severe hepatotoxicity when given 
with irradiation; SOS has been 
reported, particularly in pediatric 
patients; elevated AST

Monitor LFTs.
Dose reduction of 50% is recommended with biliru-

bin > 3 mg/dl.
(Floyd & Kerr, 2017; U.S. FDA, n.d.)

(Continued on next page)
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Table 18-1. Hepatotoxicity of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents

Small molecule 
inhibitors

Afatinib
(Gilotrif®)

Liver abnormalities (10.1%) with 
fatal hepatic impairment (0.18%) 

Monitor LFTs periodically.
No dosing adjustment is recommended for mild 

(Child-Pugh A) or moderate (Child-Pugh B) 
hepatic dysfunction. No studies have been done in 
severe (Child-Pugh C) hepatic dysfunction.

Hold or discontinue for severe LFT changes.
(U.S. FDA, n.d.)

Alectinib
(Alecensa®)

Elevations of ALT > 5 × ULN (5.3%), 
AST > 5 × ULN (4.6%), and bilirubin 
> 3 × ULN (3.7%)

Monitor LFTs every 2 weeks for the first 2 months 
of treatment, then periodically thereafter; increase 
frequency with noted ALT/AST or bilirubin eleva-
tions.

No dose adjustment is recommended for mild 
hepatic dysfunction (bilirubin ≤ ULN and AST 
> ULN or bilirubin 1–1.5 × ULN with any AST).

For ALT/AST > 5 × ULN with bilirubin ≤ 2 × ULN, 
hold until patient recovers to baseline or ≤ 3 × 
ULN, and resume at dose reduction of 450 mg 
BID.

For ALT/AST > 3 × ULN with bilirubin > 2 × ULN 
without cholestasis or hemolysis, discontinue drug.

For bilirubin > 3 × ULN, hold drug until patient recov-
ers to baseline or ≤ 1.5 × ULN, and resume at 
dose reduction of 450 mg BID.

Depending on severity of hepatic dysfunction, con-
sider discontinuation of drug.

(Genentech, Inc., 2017; U.S. FDA, n.d.)

Axitinib
(Inlyta®)

Elevated ALT/AST more frequent 
than elevated ALP

Monitor ALT/AST and bilirubin prior to starting treat-
ment, then periodically throughout treatment.

No dosing adjustment is recommended in mild 
hepatic impairment (Child-Pugh A).

Initial dose should be reduced in patients with mod-
erate hepatic dysfunction (Child-Pugh B).

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Belinostat
(Beleodaq®)

Fatal hepatotoxicity and liver abnor-
malities reported

Monitor LFTs.
For grade 3–4 hepatotoxicity, reduce dose by 25% 

(750 mg/m2).
For recurrence of grade 3 or 4 hepatotoxicity, after 2 

dose reductions, discontinue drug.
(U.S. FDA, n.d.)

Bortezomib
(Velcade®)

Cases of acute liver failure reported; 
hepatitis; elevated ALT/AST and bil-
irubin

Monitor LFTs during treatment. No dosing adjust-
ment is recommended with mild hepatic impair-
ment (bilirubin < 1–1.5 × ULN or AST > ULN).

In patients with moderate or severe hepatic dysfunc-
tion (bilirubin > 1.5–3 × ULN or bilirubin > 3 × ULN 
with any AST), start at lower dose of 0.7 mg/m2 for 
first cycle and escalate to 1 mg/m2 or reduce to 0.5 
mg/m2 based on tolerance.

(U.S. FDA, n.d.)
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Table 18-1. Hepatotoxicity of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small molecule  
inhibitors 
(cont.)

Bosutinib
(Bosulif®)

Elevated ALT/AST, bilirubin, and 
ALP

Monitor LFTs at least monthly for 3 months, then as 
needed.

For baseline hepatic dysfunction, reduce dose to 
200 mg daily.

For elevated transaminases > 5 × ULN, hold drug 
until patient recovers to < 2.5 × ULN and resume 
at 400 mg daily.

Discontinue drug if recovery takes > 4 weeks. 
Discontinue drug if transaminases > 3 × ULN with 

bilirubin > 2 × ULN and ALP < 2 × ULN.
(U.S. FDA, n.d.)

Cabozantinib
(Cabometyx®)

Elevations in transaminases and bil-
irubin

Reduce starting dose to 40 mg daily with mild or 
moderate (Child-Pugh A or B) hepatic dysfunction.

Drug is not recommended in patients with severe 
hepatic impairment.

(U.S. FDA, n.d.)

Carfilzomib
(Kyprolis®)

Hepatic failure (< 1%), elevated 
transaminases

Monitor LFTs regularly. Consider dose reduction 
when appropriate.

(U.S. FDA, n.d.)

Ceritinib
(Zykadia®)

Elevations of ALT/AST, bilirubin, 
and ALP

Monitor LFTs monthly and as clinically indicated; 
increase frequency if elevated transaminases are 
noted.

For ALT/AST > 5 × ULN with bilirubin ≤ 2 × ULN, 
hold drug until patient recovers to ≤ 3 × ULN, then 
resume at reduced dose of 150 mg.

For ALT/AST > 3 × ULN with bilirubin > 2 × ULN 
without cholestasis or hemolysis, discontinue drug.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Crizotinib
(Xalkori®)

Elevated ALT (grade 3–4), elevated 
bilirubin

Monitor LFTs monthly and as clinically indicated; 
increase frequency in patients with grade 2–4 LFT 
elevations.

Recommend holding treatment for grade 3 or 4 ami-
notransferase elevations with bilirubin ≤ 1.5 × ULN 
until patient recovers to < grade 1 or baseline, then 
resume at 200 mg BID.

Discontinue drug for ≥ grade 2 elevated ALT/AST or 
bilirubin.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Dabrafenib
(Tafinlar®)

Elevated ALT/AST, ALP, and biliru-
bin with drug used in combination 
with other antineoplastic agents

No formal studies have been done in patients with 
hepatic dysfunction. No dose adjustment is recom-
mended in mild hepatic impairment.

(U.S. FDA, n.d.)

Dasatinib
(Sprycel®)

Elevated transaminases, bilirubin; 
ascites, cholestasis, cholecystitis, 
hepatitis

Use caution with hepatic impairment. Consider hold-
ing and reducing dose with persistent elevation of 
ALT/AST > 5 × ULN or bilirubin > 3 × ULN. 

(NIDDK & NLM, n.d.; U.S. FDA, n.d.).

Erlotinib
(Tarceva®)

Hepatic failure and hepatorenal syn-
drome reported

Monitor LFTs periodically; increase frequency with 
noted elevated LFTs. Closely monitor if patient has 
Child-Pugh A, B, or C cirrhosis.

Interrupt or discontinue treatment if bilirubin > 3 × 
ULN or elevated aminotransferases > 5 × ULN.

Discontinue drug with hepatic failure.
(Floyd & Kerr, 2017; U.S. FDA, n.d.)

(Continued on next page)
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Table 18-1. Hepatotoxicity of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small molecule  
inhibitors 
(cont.)

Everolimus
(Afinitor®, Afinitor 
Disperz® tablets for 
oral suspension)

Risk for reactivation of viral hepatitis Dose reduction of 25% is recommended for patients 
with Child-Pugh A cirrhosis; 50% reduction is rec-
ommended for Child-Pugh B cirrhosis. Dose 
reduction to 5 mg daily is recommended for Child-
Pugh B.

Avoid use in patients with severe hepatic dysfunc-
tion (Child-Pugh C).

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Gefitinib
(Iressa®)

Elevated ALT/AST and bilirubin, 
fatal hepatotoxicity (0.04%)

Monitor LFTs periodically. Hold drug (up to 14 days) 
for grade 2 or higher elevated ALT/AST.

Discontinue drug for severe hepatic dysfunction.
(U.S. FDA, n.d.)

Idelalisib
(Zydelig®)

Elevated ALT/AST (30%), fatal and/
or serious hepatotoxicity (14%)

Monitor LFTs prior to and during treatment (every 2 
weeks for first 3 months, every 4 weeks for next 
3 months, then every 1–3 months thereafter). No 
dose adjustment is recommended for ALT/AST 
> 3–5 × ULN and bilirubin > 1.5–3 × ULN.

Monitor LFTs weekly until ALT/AST and bilirubin ≤ 
1 × ULN. Hold drug if ALT/AST > 5–20 × ULN and 
bilirubin > 5–10 × ULN. Monitor LFTs weekly until 
ALT/AST and bilirubin < 1 × ULN, then resume 
drug at dose reduction of 100 mg BID.

Discontinue drug if ALT/AST > 20 × ULN and bili-
rubin > 10 × ULN or if recurrent hepatotoxicity is 
present.

(U.S. FDA, n.d.)

Imatinib mesylate
(Gleevec®)

Elevated transaminases and biliru-
bin, severe hepatotoxicity

Monitor LFTs prior to starting treatment, monthly 
thereafter, and as clinically indicated. No dose 
adjustment is recommended with mild to moderate 
hepatic impairment.

Dose reduction by 25% is recommended for severe 
hepatic dysfunction.

Hold for elevations of bilirubin > 3 × ULN or trans-
aminases > 5 × ULN, then resume at reduced dos-
ing when bilirubin < 1.5 × ULN or transaminases 
< 2.5 × ULN.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Ixazomib
(Ninlaro®)

Drug-induced liver injury, hepatocel-
lular injury, hepatic steatosis, hepa-
titis cholestasis, and hepatotoxicity 
reported (< 1%)

Monitor LFTs during treatment.
Dose reduction of starting dose to 3 mg is rec-

ommended in moderate to severe (total biliru-
bin > 1.5–3 × ULN) or severe (total bilirubin > 3 × 
ULN) hepatic impairment.

(U.S. FDA, n.d.)

Lapatinib
(Tykerb®)

Elevated ALT/AST and bilirubin 
(< 1%)

Monitor LFTs prior to starting treatment, every 4–6 
weeks during therapy, then as clinically indicated.

Discontinue drug for severe changes in LFTs (ALT/
AST > 3 × ULN, bilirubin > 2 × ULN).

(Floyd & Kerr, 2017; U.S. FDA, n.d.)
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Table 18-1. Hepatotoxicity of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small molecule  
inhibitors 
(cont.)

Lenvatinib
(Lenvima®)

Elevated ALT/AST Monitor LFTs prior to starting treatment, every 2 
weeks for first 2 months, and at least monthly 
thereafter during therapy. No dose adjustment is 
recommended for mild to moderate hepatic dys-
function.

Hold drug for grade 3 or higher hepatic impairment.
Dose reduction to 14 mg daily is recommended for 

severe (Child-Pugh C) hepatic dysfunction.
Discontinue drug for hepatic failure.
(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Nilotinib
(Tasigna®)

Elevated ALT/AST, bilirubin, and 
ALP

Monitor LFTs periodically. Hold drug for elevated bil-
irubin and/or transaminases ≥ grade 3 until patient 
recovers to ≤ grade 1, then resume drug at dose 
reduction of 400 mg daily.

(U.S. FDA, n.d.)

Panobinostat
(Farydak®)

Elevated transaminases and bili-
rubin

Monitor LFTs prior to and regularly during treatment.
Dose reduction is recommended for mild hepatic 

impairment (starting dose 15 mg) and moderate 
hepatic impairment (10 mg).

Avoid use in severe hepatic dysfunction.
(U.S. FDA, n.d.)

Pazopanib
(Votrient®)

Elevated transaminases and biliru-
bin reported; fatal hepatotoxicity has 
occurred

Monitor LFTs prior to starting, at least once every 4 
weeks for first 4 months or as clinically indicated, 
and periodically after therapy.

No dose adjustment is recommended for isolated 
ALT > 3–8 × ULN; check weekly LFTs until patient 
recovers to < grade 1 or baseline.

Hold drug for isolated ALT > 8 × ULN until patient 
recovers to < grade 1 or baseline, then can con-
sider resuming drug at dose reduction to no 
greater than 400 mg daily. Check LFTs weekly for 
8 weeks; discontinue drug if elevated ALT > 3 × 
ULN recurs or if ALT > 3 × ULN with bilirubin > 2 × 
ULN occurs.

Drug is not recommended for patients with severe 
hepatic impairment.

(U.S. FDA, n.d.)

Ponatinib
(Iclusig®)

Elevated ALT/AST Monitor LFTs prior to, monthly, and as clinically indi-
cated during therapy.

Hold drug with elevation of transaminases > 3 × 
ULN (≥ grade 2) until patient recovers to < 3 × ULN 
(grade 1), then resume drug at reduced dose.

Discontinue drug with elevations of ALT/AST > 3 × 
ULN with elevated bilirubin > 2 × ULN and ALP < 2 
× ULN.

Avoid giving drug in patients with moderate to 
severe (Child-Pugh B or C) hepatic dysfunction.

(U.S. FDA, n.d.)
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Table 18-1. Hepatotoxicity of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small molecule  
inhibitors 
(cont.)

Regorafenib
(Stivarga®)

Elevated LFTs, hepatocellular 
necrosis

Obtain baseline LFTs prior to initiation of therapy, at 
least every 2 weeks during first 2 months of treat-
ment, then monthly.

Dose reduction is recommended for grade 2 hepatic 
impairment.

Discontinue drug for ALT/AST > 20 × ULN or ALT/AST 
> 3 × ULN with bilirubin > 2 × ULN or recurrence of 
ALT/AST > 5 × ULN despite dose reduction.

Drug is not recommended for patients with severe 
hepatic impairment (Child-Pugh C).

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Ribociclib
(Kisqali®)

Elevated transaminases; elevated 
ALT/AST (7%–10% grade 3 or 4), 
bilirubin (1%)

Monitor LFTs at baseline, every 2 weeks for first 2 
cycles, at beginning of each subsequent 4 cycles, 
then as clinically indicated.

Dose reduction of 400 mg in patients with moderate 
to severe hepatic impairment (Child-Pugh B or C).

Hold for ALT/AST > 3–20 × ULN until patient recov-
ers to baseline or < grade 2 or 3 toxicity, then con-
sider resuming at same dose or reducing dose 
depending on toxicity.

Discontinue drug for elevated ALT/AST > 3 × ULN 
with bilirubin > 2 × ULN or if ALT/AST > 20 × ULN.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Sorafenib
(Nexavar®)

Elevated transaminases, bilirubin Monitor LFTs regularly.
Discontinuation of drug is recommended if transam-

inases are significantly increased without other eti-
ology.

No dosing adjustment is recommended for Child-
Pugh A or B hepatic impairment.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Sunitinib
(Sutent®)

Jaundice, elevated transaminases 
and/or bilirubin

Monitor LFTs prior to starting treatment, during each 
cycle, and as clinically indicated.

Hold drug for grade 3 or 4 drug-related hepatic 
adverse events.

Discontinue if patient has no resolution, experiences 
severe changes in LFTs after stopping drug, or has 
other signs or symptoms of liver failure.

Safety with ALT/AST > 2.5 × ULN, or ALT/AST > 5 
× ULN if due to liver metastases, has not been 
established.

No dose adjustment is recommended with Child-
Pugh A or B hepatic impairment.

(U.S. FDA, n.d.)

Temsirolimus
(Torisel®)

Elevated ALT, ALP, and bilirubin Monitor LFTs.
Dose reduction to 15 mg weekly is recommended 

for mild hepatic impairment (bilirubin > 1–1.5 × 
ULN or AST > ULN).

Do not give drug if bilirubin > 1.5 × ULN.
(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Trametinib
(Mekinist®)

Elevated ALT/AST and ALP Baseline and periodic monitoring of LFTs is recom-
mended.

No dosing adjustment is recommended for mild 
hepatic impairment.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)
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Table 18-1. Hepatotoxicity of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small molecule  
inhibitors 
(cont.)

Vandetanib
(Caprelsa®)

Elevated ALT/AST (20%); elevated 
bilirubin 

Dose reduction is recommended for grade 3 or 
higher toxicity.

Drug is not recommended to be given in patients 
with moderate or severe hepatic impairment.

It is recommended to avoid use in severe hepatic 
impairment (Child-Pugh B or C cirrhosis).

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Vemurafenib
(Zelboraf®)

Elevated ALT/AST, ALP, and bili-
rubin

Monitor LFTs prior to starting therapy and monthly 
during therapy or as clinically indicated.

Hold drug for grade 2 or 3 toxicities until patient 
recovers to < grade 1 toxicity or baseline, then 
resume at recommended dose reductions.

Discontinue for grade 4 toxicity.
(U.S. FDA, n.d.)

Immunotherapy Agents

Checkpoint 
inhibitors: 
CTLA-4

Ipilimumab
(Yervoy®)

Immune-related hepatitis T-cell acti-
vation and proliferation, leading to 
immune-mediated organ failure

Monitor LFTs and assess for signs and symptoms of 
hepatotoxicity prior to each dose.

No dose adjustment is recommended for mild 
hepatic dysfunction (bilirubin > 1–1.5 × ULN or 
ALT/AST > ULN).

Hold drug for grade 2.
Discontinue drug for grade 3 or 4; initiate steroids 

1–2 mg/kg/day prednisone or equivalent until LFTs 
return to baseline or evidence of sustained improve-
ment is seen, then taper steroids over 1 month.

Mycophenolate has been given in the setting of per-
sistent severe hepatitis despite high-dose steroids.

(U.S. FDA, n.d.)

Checkpoint 
inhibitors: PD-1

Nivolumab
(Opdivo®)

Elevated ALT (16%), AST (28%), 
ALP (22%), and bilirubin (9%); 
immune-mediated hepatitis (1.1%) 

Monitor LFTs prior to and periodically during treatment.
For grade 2 or higher elevations in transaminases 

and/or bilirubin, start steroids 1–2 mg/kg/day pred-
nisone or equivalent.

Discontinue drug for grade 3 or 4 hepatitis.
(U.S. FDA, n.d.)

Pembrolizumab
(Keytruda®)

Immune-mediated hepatitis (0.7%; 
grade 2: 0.1%; grade 3: 0.4%; 
grade 4: < 0.1%), elevated ALP 
(26%; grade 3–4: 3.1%), elevated 
AST (22%; grade 3–4: 2.1%), ele-
vated ALT (21%; grade 3–4: 1.8%)

Monitor for LFT changes.
For grade 2 LFT changes, start steroids 0.5–1 mg/kg/

day; for grade 3 or higher, start steroids 1–2 mg/kg/
day prednisone or equivalent followed by a taper.

Depending on severity of LFT changes, may hold or 
discontinue drug.

(U.S. FDA, n.d.)

Checkpoint 
inhibitors: 
PD-L1

Atezolizumab
(Tecentriq®)

Across clinical trials (N = 1,978): 
grade 3 or 4 elevations in ALT 
(2.5%), AST (2.3%), and total biliru-
bin (1.6%); in patients with urothe-
lial carcinoma (n = 523): immune-
mediated hepatitis (1.3%), grade 3 
or 4 elevations in ALT (2.5%), AST 
(2.5%), and total bilirubin (2.1%), 
with median time to onset of 1.1 
months (range: 0.4–7.7 months)

Monitor for LFT changes, including signs and symp-
toms of hepatitis. Monitor AST, ALT, and bilirubin 
prior to and periodically during treatment.

Administer corticosteroids at dose of 1–2 mg/kg/day 
prednisone equivalents for grade 2 or greater trans-
aminase elevations, with or without concurrent total 
bilirubin elevation, followed by corticosteroid taper.

Hold drug for moderate hepatic impairment (ALT or 
ALT > 3–5 × ULN or total bilirubin > 1.5–3 × ULN).

Permanently discontinue drug for severe or life-
threatening hepatic impairment (AST or ALT > 5 × 
ULN or total bilirubin > 3 × ULN).

(U.S. FDA, n.d.)
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Table 18-1. Hepatotoxicity of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Immunotherapy Agents (Cont.)

Checkpoint 
inhibitors: 
PD-L1 (cont.)

Durvalumab
(Imfinzi®)

Immune-mediated hepatitis (1.1%; 
grade 3: 0.6%; median time to onset 
of 51.5 days [range: 15–312 days]); 
grade 3 or 4 elevations in ALT 
(3.0%), AST (4.3%), and total biliru-
bin (2.8%)

Monitor LFTs for changes in each cycle during treat-
ment.

For grade 2 or 3 elevations in transaminases with or 
without concurrent total bilirubin elevation, initiate 
dose of 1–2 mg/kg/day prednisone or equivalent 
followed by taper.

Hold drug for moderate hepatic impairment (grade 
2 ALT/AST > 3–5 × ULN or total bilirubin > 1.5–3 
× ULN; grade 3 ALT/AST ≤ 8 × ULN or total biliru-
bin ≤ 5 × ULN).

Permanently discontinue drug for severe or life-
threatening hepatic impairment (grade 3 ALT or 
AST > 8 × ULN or total bilirubin > 5 × ULN; concur-
rent ALT or AST > 3 × ULN and total bilirubin > 2 × 
ULN with no other cause).

(U.S. FDA, n.d.)

Cytokines: 
Interferons

Pegylated interferon 
alfa-2b
(Pegasys®)

Significant elevation in aminotrans-
ferases (> 10 × ULN)

Monitor LFTs (weeks 1, 2, 4, 6, and 8, then every 
4–6 weeks and more frequently if abnormalities).

It is recommended to hold dose if aminotransferases > 5 
× ULN until resolution to grade 1, then reduce dose by 
33%.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Cytokines: 
Interleukins

IL-2, aldesleukin
(Proleukin®)

Hepatitis, hepatosplenomegaly, 
cholecystitis

Monitor LFTs prior to starting therapy, then daily dur-
ing treatment (U.S. FDA, n.d.).

Miscellaneous: 
Immunomodu-
lators

Lenalidomide
(Revlimid®)

Hepatic failure including fatali-
ties (15% with hepatocellular, cho-
lestatic, and mixed characteristic); 
patients with multiple myeloma (2%) 
and myelodysplasia (1%) had seri-
ous hepatotoxicity events (hyperbil-
irubinemia, cholecystitis, acute cho-
lecystitis, hepatic failure); risk fac-
tors: preexisting viral liver disease, 
elevated baseline liver enzymes, 
and concomitant medications

Monitor LFTs periodically; stop drug and evaluate if 
hepatotoxicity is suspected.

Treatment at lower dose may be considered if LFTs 
return to baseline values.

(U.S. FDA, n.d.)

Pomalidomide
(Pomalyst®)

Elevated bilirubin Avoid in patients with bilirubin > 2 mg/dl or ALT/AST 
> 3 × ULN.

Dose reduction of 25% is recommended for mild or 
moderate (Child-Pugh A or B) hepatic impairment; 
50% dose reduction is recommended for severe 
(Child-Pugh C) hepatic impairment.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Monoclonal 
antibodies: 
Human

Ado-trastuzumab 
emtansine
(Kadcyla®)

Mixed pattern of elevated ALP, ami-
notransferases (ALT/AST), and bil-
irubin

Monitor LFTs prior to starting therapy and before 
each dose.

Clinical trials excluded patients with known active 
HBV or HCV infection, baseline transaminases 
> 2.5 × ULN, or bilirubin > 1.5 × ULN (treat at 
same dose level of 3.6 mg/kg).

Hold for grade 3 (> 5–20 × ULN) elevations in ALT/
AST or grade 2–3 (> 1.5–10 × ULN) elevations in 
bilirubin; resume at one lower dose level only if 
ALT/AST recover to ≤ grade 2 and bilirubin recov-
ers to ≤ grade 1.

(Continued on next page)
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Table 18-1. Hepatotoxicity of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Immunotherapy Agents (Cont.)

Monoclonal 
antibodies: 
Human (cont.)

Ado-trastuzumab 
emtansine
(Kadcyla®) (cont.)

Discontinue if hepatotoxicity recurs when restarting 
drug or if grade 4 increased transaminases (ALT/
AST > 20 × ULN) or hyperbilirubinemia (bilirubin 
> 10 × ULN) occurs at any time during treatment.

Discontinue if ALT/AST > 3 × ULN with bilirubin > 2 
× ULN.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Monoclonal 
antibodies: 
Humanized

Alemtuzumab
(Campath®, Lem-
trada®)

Risk of HBV and HCV reactivation; 
intrinsic hepatotoxicity and idiosyn-
cratic liver injury rare

Screen for HBV and HCV prior to starting treatment. 
Provide prophylaxis or treatment of HBV/HCV before 

or during treatment.
(NIDDK & NLM, n.d.; U.S. FDA, n.d.)

Brentuximab
(Adcetris®)

Severe and potentially fatal hepato-
toxicity reported, including elevated 
transaminases and bilirubin

Monitor LFTs.
Avoid drug with Child-Pugh B or C hepatic impair-

ment.
(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Elotuzumab
(Empliciti™)

ALT/AST > 3 × ULN, bilirubin > 2 × 
ULN, ALP < 2 × ULN

Monitor LFTs periodically.
Recommend periodic monitoring of liver enzymes; 

temporarily discontinue drug for ≥ grade 3 hepa-
totoxicity.

(Floyd & Kerr, 2017; U.S. FDA, n.d.)

Inotuzumab 
ozogamicin 
(Besponsa®)

Hepatotoxicity including SOS (life-
threatening with increased risk in 
HSCT recipients); SOS signs/symp-
toms: elevated total bilirubin, hepa-
tomegaly, rapid weight gain, ascites

Monitor LFTs (AST/ALT, bilirubin, ALP) prior to and 
following each dose.

No adjustment to starting dose is required if total bil-
irubin ≤ 1.5 × ULN and AST/ALT ≤ 2.5 × ULN.

Interrupt drug if total bilirubin > 1.5 × ULN and AST/
ALT > 2.5 × ULN.

Permanently discontinue drug if SOS or severe liver 
toxicity occurs or if LFTs do not recover to base-
line.

(U.S. FDA, n.d.)

Obinutuzumab
(Gazyva®)

Reactivation of HBV, with some 
cases resulting in fulminant hepati-
tis, hepatic failure, and death

Screen for HBV infection (HBsAg and anti-HBc) prior 
to starting treatment; if patient is positive for HBV 
infection, consult expert for monitoring and consid-
eration of antiviral therapy.

Monitor patients with current or prior HBV infection 
for signs of hepatitis or HBV reactivation during 
therapy and for several months after treatment.

Discontinue drug for HBV reactivation while on treat-
ment. Insufficient data exist on safety of resuming 
drug in patients with HBV reactivation.

(U.S. FDA, n.d.)

Ofatumumab
(Arzerra®)

Risk of HBV reactivation, fulminant 
hepatitis

Screen high-risk patients prior to starting treatment. 
Monitor carriers of HBV closely for clinical and lab-
oratory signs of active HBV infection during treat-
ment and for 6–12 months following last dose. 

Discontinue drug in patients who develop viral hepa-
titis or viral hepatitis reactivation.

(U.S. FDA, n.d.)

Thalidomide
(Thalomid®)

Increased ALP and bilirubinemia No pharmacokinetic studies have been done in 
patients with hepatic impairment.

(U.S. FDA, n.d.)

(Continued on next page)
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Table 18-1. Hepatotoxicity of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Hormone Therapy Agents

Androgen  
inhibitor

Abiraterone acetate
(Zytiga®)

Elevated ALT/AST and bilirubin Monitor ALT/AST and bilirubin prior to starting ther-
apy, every week for the first month, every 2 weeks 
for the following 2 months of treatment, then 
monthly thereafter.

For moderate hepatic impairment, reduce dose to 
250 mg daily.

Hold drug if ALT/AST > 5 × ULN or bilirubin > 3 × 
ULN until patient recovers to baseline or ALT/AST 
≤ 2.5 × ULN or bilirubin ≤ 1.5 × ULN. Resume at 
reduced dose of 750 mg daily at first occurrence 
and 500 mg daily at second occurrence.

Discontinue if ALT/AST > 5 × ULN or bilirubin > 3 × 
ULN with moderate hepatic impairment or if the 
patient is unable to tolerate 500 mg daily.

Avoid drug in patients with severe hepatic impair-
ment (Child-Pugh C).

(U.S. FDA, n.d.)

ALP—alkaline phosphatase; ALT—alanine aminotransferase; AST—aspartate aminotransferase; anti-HBc—hepatitis B core antibody; BID—twice a day; 
CTLA-4—cytotoxic T-lymphocyte antigen 4; 5-FU—5-fluorouracil; GGT—gamma glutamyl transferase; HBsAg—hepatitis B surface antigen; HBV—hepatitis B 
virus; HCV—hepatitis C virus; HSCT—hematopoietic stem cell transplantation; IL—interleukin; LDH—lactate dehydrogenase; LFTs—liver function tests; NID-
DK—National Institute of Diabetes and Digestive and Kidney Diseases; NLM—National Library of Medicine; PD-1—programmed cell death protein 1; PD-L1—
programmed cell death-ligand 1; SOS—sinusoidal obstruction syndrome; ULN—upper limit of normal; U.S. FDA—U.S. Food and Drug Administration

1. Acute hepatocellular injury (Larson, 2017; 
Mehta, 2016)
a) Incidence: 90% of cases
b) Pathophysiology

(1) Can lead to hepatocellular apoptosis, 
steatosis, or cellular degeneration

(2) Liver cells appear spotty (minute 
clusters of hepatocytes) or confluent 
(larger groups of hepatocytes involv-
ing multiple lobules under microscopy) 
(Krishna, 2017).

(3) The hepatic acinus is the functional 
unit in the liver that is divided into dif-
ferent zones. Zone 1 encircles the por-
tal tracts, where oxygenated blood from 
hepatic arteries enters; zone 3 is located 
around the central veins, where oxy-
genation is poor; and zone 2 is located 
between zones 1 and 3. Zone 3 is most 
commonly affected (Larson, 2017).
(a) Zonal necrosis occurs w ith 

compounds with predictable, 
dose-dependent, intrinsic toxicity.

(b) Nonzonal necrosis (diffuse, irreg-
ular, patchy injury involving all 
parts of the acinus) occurs with 
compounds with unpredictable 
idiosyncratic injury (Fisher, Vup-
palanchi, & Saxena, 2015).

(4) Most recover without developing sig-
nificant fibrosis.

c) Signs/symptoms: Jaundice, painful hepato-
megaly, abdominal distension, nausea and 
vomiting, malaise, confusion, sleepiness

2. Chronic hepatocellular injury (Larson, 2017; 
Mehta, 2016)
a) Incidence: 5%–10% of cases
b) Pathophysiology

(1) Pigment accumulation (excessive iron): 
Lipofuscin (fine yellow-brown pigment 
granules) is found in hepatic cells as 
a result of certain drugs. Additionally, 
excessive iron may accumulate in the 
liver due to overingestion or parenteral 
therapy (Mehta, 2016).

(2) Steatosis, steatohepatitis, and phos-
pholipidosis

(3) Hepatic fibrosis and cirrhosis
c) Signs/symptoms: Nausea, diarrhea, poor 

appetite, weight loss, fatigue, jaundice, easy 
bruising or bleeding, pruritus, lower extrem-
ity swelling

3. Acute cholestasis: Decrease in bile flow due to 
impaired secretion by hepatocytes or bile flow 
obstruction through intra- or extrahepatic bile 
ducts (Larson, 2017; Mehta, 2016; Nazer, 2017)
a) Incidence: 2%–5% of cases
b) Pathophysiology
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(1) Reduction in bile flow due to decreased 
secretion or biliary tree obstruction

(2) Pure cholestasis (canalicular, bland, 
or noninflammatory) characterized by 
prominent hepatocellular or canalicu-
lar cholestasis with minimal hepatocel-
lular injury or inflammation

(3) Cholestatic hepatitis (hepatocana-
licular, cholangiolitic, or inflamma-
tory) characterized by inflammation, 
prominent cholestasis, and hepatocel-
lular injury

c) Signs/symptoms: Pruritus, jaundice, pale 
stools, dark urine

4. Chronic cholestasis (Larson, 2017; Mehta, 2016)
a) Incidence

(1) About 1% of cases
(2) Rare cases progress to cirrhosis

b) Pathophysiology
(1) Bile duct loss or cholate stasis (rim 

of pale hepatocytes adjacent to por-
tal tracts)

(2) Prolonged damage leads to bile duct 
loss and overt ductopenia.

c) Signs/symptoms: Pruritus, jaundice, pale 
stools, dark urine

5. Steatosis: Infiltration of liver cells with fat, which 
is associated with metabolism being disturbed by 
drug therapy (Larson, 2017; Mehta, 2016; Rabi-
nowich & Shibolet, 2015)
a) Incidence: 20%–30% of cases
b) Pathophysiology

(1) Acute steatosis causes hepatic cells to 
appear microvesicular (small vesicles of 
fat droplets), whereas chronic steato-
sis causes hepatic cells to appear mac-
rovesicular (large vesicles of fat drop-
lets) under microscopy.

(2) Hepatocytes are filled with excess 
fatty cells, which are composed of tri-
glycerides.

(3) Disruption occurs in mitochondrial 
beta-oxidation of lipids.

(4) Steatohepatitis includes variable steato-
sis, lobular inflammation, and hepato-
cellular injury.

c) Signs/symptoms: Ascites, jaundice, confu-
sion, tendency to bleed easily

6. Granulomas: Macrophages that have accumu-
lated in the liver because of chronic exposure 
to drug therapy (Coash, Forouhar, Wu, & Wu, 
2012; Larson, 2017; Mehta, 2016)
a) Incidence: 15% of cases
b) Pathophysiology

(1) Inflammatory process

(2) Seen in periportal and portal areas
(3) Temporary injury

c) Signs/symptoms: Fevers, myalgias, fatigue
7. Budd-Chiari syndrome: Hepatic venous outflow 

obstruction (Larson, 2017; Mehta, 2016)
a) Incidence: 10% of cases
b) Pathophysiology

(1) Drug-induced thrombosis of hepatic 
veins or inferior vena cava

(2) Centrizonal congestion, hepatocellu-
lar necrosis, and hemorrhage

(3) Large regenerative nodules and 
obstructive portal venopathy may be 
noted.

c) Signs/symptoms: Painful hepatomegaly, 
jaundice, ascites

8. Hepatic sinusoidal obstruction syndrome (SOS; 
formerly known as veno-occlusive disease or 
VOD): Syndrome comprising weight gain, asci-
tes, painful hepatomegaly, and jaundice that is 
caused by damage to the sinusoidal endothelial 
cells leading to obstruction of the hepatic vessels 
(Botti et al., 2016; Carreras et al., 2011; Larson, 
2017; Mehta, 2016; Mohty et al., 2015; Tewari et 
al., 2017; Valla & Cazals-Hatem, 2016).
a) Incidence: Approximately 14% of patients 

following allogeneic hematopoietic stem cell 
transplantation (HSCT) (range 0%–62%, 
depending on the series)

(1) SOS is a complication of HSCT that 
most often occurs 20–30 days or later 
after receiving the conditioning reg-
imen (Valla & Cazals-Hatem, 2016).

(2) The incidence of SOS following allo-
geneic HSCT has diminished and the 
outcome improved over the past decade 
(Carreras et al., 2011).

b) Pathophysiology
(1) Injury occurs to the sinusoids, hepatic 

veins, and hepatic arteries.
(2) Luminal narrowing of sinusoids leads 

to increased resistance to blood flow, 
resulting in hepatic congestion, sinu-
soidal dilation, and portal hyperten-
sion culminating in fibrosis.

c) Risk factors include the use of myeloabla-
tive conditioning and stem cell source other 
than a matched sibling donor, preexisting 
liver disease, and poor performance status 
(Coppell et al., 2010).

d) Signs/symptoms: Painful hepatomegaly, asci-
tes (Tewari et al., 2017)

e) Assessment: Two grading systems have histor-
ically been used to diagnose and stage SOS: 
the Baltimore Criteria (Jones et al., 1987) 
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and the Seattle Criteria (Shulman & Hin-
terberger, 1992).

(1) The Baltimore criteria are more strin-
gent, with an absolute requirement for 
hyperbilirubinemia. The severity of SOS 
can be classified retrospectively using the 
Seattle Criteria (Carreras et al., 2011).

(2) The European Society for Blood and 
Marrow Transplantation have pro-
posed revised criteria for diagnosis and 
grading in adults and children (Corba-
cioglu et al., 2018; Dignan et al., 2013; 
Mohty et al., 2015; see Table 18-2).

9. Neoplastic lesions: Focal nodular hyperplasia 
and hepatocellular adenomas have been seen 
with hepatotoxic drugs (Mehta, 2016).
a) Incidence: 6% of cases
b) Pathophysiology: Focal nodular hyperplasia 

and hepatocellular adenomas
c) Signs/symptoms: Abdominal distension, 

jaundice, weight loss, easy bruising, right 
upper quadrant pain

10. Immune-related adverse events (Gordon et al., 
2017; Larson, 2017; see Table 18-1)
a) Incidence: 3%–9% of cases

(1) May occur with checkpoint inhibitors 
(cytotoxic T-lymphocyte antigen-4–
blocking antibodies, programmed cell 
death protein 1 and programmed cell 
death-ligand 1 inhibitors), chimeric anti-
gen receptor T-cell therapies, and mono-
clonal antibodies (Teply & Lipson, 2014)

(2) May present 8–12 weeks after initia-
tion of therapy

b) Pathophysiology
(1) Inflammation of hepatocytes or bile 

ducts
(2) Diffuse T-cell infiltrates of the liver

c) Signs/symptoms: Asymptomatic elevations in 
liver enzymes (at least three times the upper 
limit of normal of aspartate aminotransferase 
[AST] and alanine aminotransferase [ALT] 
and/or twice the total bilirubin), hepatomeg-
aly, enlarged perihepatic lymph nodes

G. Assessment (Botti et al., 2016; Helissey, Vicier, & 
Champiat, 2016; Herrine, 2016; Postow, 2015; Skood, 
Conrad, Luu, & Slabinski, 2017; Teply & Lipson, 2014; 
Weber, Yang, Atkins, & Disis, 2015)
1. Medical history

a) Previous medications (prescription, illicit or 
recreational, herbal)

b) Alcohol use
c) Hepatitis
d) Familial history of liver disease

e) Risk factor exposure for viral hepatitis (trans-
fusions, travel, sexual contacts, occupation, 
body piercing or tattoos)

f) Exposure to hepatic toxins
g) Organ transplants
h) Previous complications (bleeding, infection, 

renal failure)
2. Vital signs (fever, hypotension/hypertension, 

bradycardia/tachycardia)
3. Laboratory testing should be obtained prior to 

each treatment and every 6–12 weeks for the 
first 6 months following completion of cancer 
therapies. Depending on treatment response or 
occurrence of toxicities, increased frequency of 
follow-up workup may be necessary.
a) Complete blood counts
b) Thyroid function tests
c) Liver function tests (bilirubin, ALT, AST, lac-

tate dehydrogenase, alkaline phosphatase)
d) Complete metabolic panels
e) Coagulation factors
f) Hepatitis titers

4. Physical examination should include thorough 
head-to-toe assessment to identify signs and 
symptoms of hepatic toxicity.
a) Neurologic examination: Assess level of 

consciousness, orientation, and behavioral 
changes.

b) Examination of skin and head, eyes, ears, 
nose, and throat: Assess for jaundice of the 
skin, sclerae (icteric), and mucous mem-
branes; rash; ecchymosis; and petechiae.

c) Cardiac and pulmonary examination: Assess 
for hypotension or hypertension, bradycar-
dia or tachycardia, jugular venous disten-
sion, peripheral edema, crackles and rales, 
and weight gain.

d) Abdominal examination: Assess for bowel 
sounds, ascites, hepatosplenomegaly, abdom-
inal pain, and hematemesis.

H. Collaborative management (Lee & Chan, 2016; 
Roesser, 2014)
1. An interprofessional approach and collabora-

tion among providers, nurses, patients, care-
givers, and consultants is essential in the man-
agement of patients who may develop hepato-
toxicity. Liver abnormalities may increase, fluc-
tuate, or possibly resolve without intervention 
(Economopoulou & Psyrri, 2016; Fecher, Agar-
wala, Hodi, & Weber, 2013).
a) Monitoring of liver function tests should 

increase to every one to three days until sta-
bilization followed by weekly monitoring 
(Fecher et al., 2013)
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b) Nurses should rule out other causes such as 
disease progression, infection, effects of other 
medications, hemochromatosis, or alcohol 
intake (Tarhini, 2013; Teply & Lipson, 2014).

c) Standardized toxicity grading tools should 
be used.

(1) The National Cancer Institute Can-
cer Therapy Evaluation Program’s 

Table 18-2. Diagnosis and Grading of Sinusoidal Obstruction Syndrome

System Diagnostic Criteria Grading/Severity

Modified Seattle criteria
(Shulman & Hinterberger, 
1992)

At least 2 of the following, occurring within 20 days of 
transplantation:
 • Serum bilirubin > 34 mcmol/L (> 2 mg/dl)
 • Hepatomegaly with right upper quadrant pain
 • > 2% weight gain from baseline due to fluid retention

Mild:
 • No adverse effects of liver disease, and
 • No medications required for diuresis or 
hepatic pain, and

 • All symptoms, signs, and laboratory fea-
tures reversible

Moderate:
 • Adverse effects of liver disease present, 
and

 • Sodium restriction or diuretics required, or
 • Medication for hepatic pain required, and
 • All symptoms, signs, and laboratory fea-
tures reversible

Severe:
 • Adverse effects of liver disease present, 
and

 • Symptoms, signs, or laboratory features 
not resolved by day +100, or

 • Death

Baltimore criteria
(Jones et al., 1987)

Serum bilirubin > 34 mcmol/L (> 2 mg/dl) within 21 days 
of transplantation and at least 2 of the following criteria:
 • Hepatomegaly
 • > 5% weight gain from baseline
 • Ascites

–

EBMT diagnostic crite-
ria for diagnosis of SOS in 
adults
(Mohty et al., 2016)

In first 21 days after transplantation:
 • Bilirubin > 34 mcmol/L (> 2 mg/dl) plus 2 of the follow-
ing criteria:

 – Painful hepatomegaly
 – Weight gain > 5% from baseline
 – Ascites

Greater than 21 days after transplantation:
 • Classical SOS, or
 • Histologically proved SOS, or
 • 2 or more of the following:

 – Painful hepatomegaly
 – Weight gain > 5% from baseline
 – Ascites
 – And hemodynamic or ultrasound evidence of SOS

–

EBMT diagnostic crite-
ria for diagnosis of SOS in 
children
(Corbacioglu et al., 2018)

No time limitation for onset of SOS
Presence of 2 or more of the following criteria:
 • Steroid-refractory thrombocytopenia (unexplained)
 • Unexplained weight gain for 3 consecutive days unre-
sponsive to treatment or weight gain > 5% above base-
line

 • Hepatomegaly above baseline value (preferably con-
firmed with imaging)

 • Ascites above baseline value (preferably confirmed 
with imaging)

 • Elevated bilirubin above baseline for 3 consecutive 
days or ≥ 2 mg/dl within 72 hours

–

EBMT—European Society for Blood and Marrow Transplantation; SOS—sinusoidal obstruction syndrome
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Common Terminology Criteria for 
Adverse Events (2017) is a standard-
ized classification to quantify or grade 
severity of treatment-related adverse 
effects, including liver enzyme eleva-
tions (Floyd & Kerr, 2017; Grigorian & 
O’Brien, 2014; see Table 18-3).

(2) The Child-Pugh classification is a scor-
ing system used to measure the sever-
ity of chronic liver disease, including 
cirrhosis, and provides clinicians a way 
to communicate objectively about liver 
function (Floyd & Kerr, 2017; Grigo-
rian & O’Brien, 2014; Peng, Qi, & Guo, 
2016; see Table 18-4). The modified 
Child-Pugh score classifies liver disease 
severity according to the degree of asci-
tes, serum concentrations of bilirubin 
and albumin, prothrombin time, and 
degree of encephalopathy.

d) Consider autoimmunity workup: Serum anti-
nuclear antibody, smooth muscle antibody, 
antimitochondrial antibodies, antisoluble 
liver antigen/liver-pancreas antibodies, anti–
liver-kidney microsomal type 1 antibodies, 
and additional studies as appropriate.

e) Consider viral screening: Epstein-Barr virus, 
cytomegalovirus, hepatitis B and C, and hepa-
titis A, D, and E if the patient has a recent his-
tory of travel outside of the country (DeSouza 
& Savva, 2016).

f) Additional laboratory tests to consider include 
complete metabolic panel, complete blood 
counts, ammonia level, and coagulation factors.

g) Consider consultation with a gastroenterol-
ogist or hepatologist.

h) Consider imaging (DeSouza & Savva, 2016; 
Gordon et al., 2017).

(1) Ultrasound of the liver: Rule out 
obstruction of the biliary tree and assess 
for masses in the liver parenchyma.

(2) Computed tomography scan: May iden-
tify hepatomegaly, periportal edema, 
or periportal lymphadenopathy. Other 
findings that may be noted include liver 
abnormalities such as fatty liver, pseu-
docirrhosis, biliary sclerosis, and SOS 
(Torrisi et al., 2011).

i) Rarely, liver biopsy may be considered if the 
diagnosis remains unclear (DeSouza & Savva, 
2016; Postow, 2015).

(1) Autoimmune hepatitis and drug- 
induced liver injury may present sim-
ilarly, and liver biopsy would provide 
definitive diagnosis of the causative 

agent (Kleiner & Berman, 2012). Severe 
inflammation of the lobules in the 
liver with thickening of the surround-
ing hepatic veins, which could lead to 
necrosis, has been seen.

(2) Primary biliary pattern with mild portal 
mononuclear infiltration around pro-
liferated bile ductules has been seen.
(a) Consider dose adjustment of drugs if 

hepatic dysfunction is noted at base-
line (Wilkes & Barton-Burke, 2018).

(b) Consider avoidance of hepato-
toxic drugs in patients with pre-
existing liver dysfunction (Floyd 
& Kerr, 2017).

(c) Consider withdrawal of the offend-
ing hepatotoxic drug and monitor-
ing for normalization of liver func-
tion tests (Larson, 2017).

2. Management of immune-mediated hepatitis: 
The primary mode of treatment for hepatotoxic-
ity is withdrawal of the offending drug. Manage-
ment algorithms have been developed based on 
the severity of the toxicity (Brahmer et al., 2018; 
Fay, Moreira, Nunes Filho, Albuquerque, & Bar-
rios, 2016; Friedman, Proverbs-Singh, & Postow, 
2016; Mistry, Forbes, & Fowler, 2017; Naidoo et 
al., 2015; Postow & Wolchok, 2017; Spain, Diem, 
& Larkin, 2016; Teply & Lipson, 2014; Villado-
lid & Amin, 2015).
a) Moderate or severe (grade 2) immune-related 

adverse events necessitate holding the drug 
and initiating corticosteroids (Economopou-
lou & Psyrri, 2016).

b) The drug is resumed when toxicity is grade 
1 or less.

c) Severe or life-threatening (grade 3 or 4) 
immune-related adverse events require per-
manent discontinuation of the drug and ini-
tiation of high-dose corticosteroids.

d) Steroids are tapered gradually over at least 
one month.

e) In the presence of steroid-refractory hepati-
tis, consider adding mycophenolate or anti-
thymocyte globulin (DeSouza & Savva, 2016; 
Economopoulou & Psyrri, 2016; Eigentler et 
al., 2016; Gangadhar & Vonderheide, 2014; 
Kim et al., 2013; Lampson et al., 2016; Weber, 
Kähler, & Hauschild, 2012).

I. Patient and family education (Chalasani et al., 2014; 
Champiat et al., 2016; Economopoulou & Psyrri, 
2016; Fecher et al., 2013)
1. Patient and caregiver education about the poten-

tial side effects of drugs is essential. Communi-
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Grade

Adverse Event 1 2 3 4 5

Alanine aminotransfer-
ase increased

> ULN–3 × ULN if baseline was 
normal; 1.5–3 × baseline if base-
line was abnormal

> 3–5 × ULN if baseline was nor-
mal; > 3–5 × baseline if baseline 
was abnormal

> 5–20 × ULN if baseline was 
normal; > 5–20 × baseline if 
baseline was abnormal

> 20 × ULN if baseline was nor-
mal; > 20 × baseline if baseline 
was abnormal

–

Alkaline phosphatase 
increased

> ULN–2.5 × ULN if baseline was 
normal; 2–2.5 × baseline if base-
line was abnormal

> 2.5–5 × ULN if baseline was 
normal; > 2.5–5 × baseline if 
baseline was abnormal

> 5–20 × ULN if baseline was 
normal; > 5–20 × baseline if 
baseline was abnormal

> 20 × ULN if baseline was nor-
mal; > 20 × baseline if baseline 
was abnormal

–

Aspartate aminotrans-
ferase increased

> ULN–3 × ULN if baseline was 
normal; 1.5–3 × baseline if base-
line was abnormal

> 3–5 × ULN if baseline was nor-
mal; > 3–5 × baseline if baseline 
was abnormal

> 5–20 × ULN if baseline was 
normal; > 5–20 × baseline if 
baseline was abnormal

> 20 × ULN if baseline was nor-
mal; > 20 × baseline if baseline 
was abnormal

–

Gamma-glutamyl trans-
peptidase increased

> ULN–2.5 × ULN if baseline was 
normal; 2–2.5 × baseline if base-
line was abnormal

> 2.5–5 × ULN if baseline was 
normal; 2.5–5 × baseline if base-
line was abnormal

> 5–20 × ULN if baseline was 
normal; > 5–20 × baseline if 
baseline was abnormal

> 20 × ULN if baseline was nor-
mal; > 20 × baseline if baseline 
was abnormal

–

Liver failure (clinical) – – Asterixis; mild encephalopathy; 
drug-induced liver injury; limiting 
self-care activities of daily living

Life-threatening consequences; 
moderate to severe encephalop-
athy; coma

Death

Portal hypertension – Decreased portal vein flow Reversal/retrograde portal vein 
flow; associated with varices and/
or ascites

Life-threatening consequences; 
urgent intervention indicated

Death

Total bilirubin increased > ULN–1.5 × ULN if baseline 
was normal; > 1–1.5 × baseline if 
baseline was abnormal

> 1.5–3 × ULN if baseline was 
normal; > 1.5–3 × baseline if 
baseline was abnormal

> 3–10 × ULN if baseline was 
normal; > 3–10 × baseline if 
baseline was abnormal

> 10 × ULN if baseline was nor-
mal; > 10 × baseline if baseline 
was abnormal

–

a Grading criteria for additional hepatobiliary disorders are available in the Common Terminology Criteria for Adverse Events.
ULN—upper limit of normal
Note. From Common Terminology Criteria for Adverse Events [v.5.0], by National Cancer Institute Cancer Therapy Evaluation Program, 2017. Retrieved from https://ctep.cancer.gov/protocoldevelopment/electronic 
_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf.

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
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cation is critical, including an emphasis on the 
importance of prompt identification and report-
ing of the following signs and symptoms:
a) Change in level of consciousness (increased 

sedation, confusion)
b) Malaise, fever
c) Jaundice, icteric sclera
d) Abdominal pain, bleeding or persistent bruis-

ing, hematemesis, changes in stool or urine 
(including the presence of blood)

e) Edema of extremities, weight gain
2. Items to include in patient instructions

a) Avoidance of other hepatotoxins, including 
herbal supplements and over-the-counter 
medications

b) Close follow-up with healthcare providers, 
including periodic monitoring of liver func-
tion studies

c) Maintenance of a well-balanced diet and 
hydration

d) Skin care (e.g., avoidance of scratching; use 
of lotions; daily showers)

e) Fall prevention
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CHAPTER 19

Genitourinary Toxicities

A. Overview
1. The kidneys have multiple roles within the human 

body, with their primary functions including 
blood filtration, metabolism, excretion of endog-
enous and exogenous compounds, and endo-
crine functions (Perlman, Heung, & Ix, 2013).
a) Anatomically, the kidney comprises roughly 

one million nephrons, each of which include 
a glomerulus (the site of blood filtration) 
and a renal tubule, where water and salts are 
reclaimed (Perlman et al., 2013).

b) Many anticancer treatments, including cer-
tain chemotherapy and immunotherapy 
agents, are considered nephrotoxic because 
they are metabolized via the renal system. 
Therefore, many therapies necessitate care-
ful monitoring and possible dose modifica-
tions to prevent kidney injury, which in some 
cases can be irreversible (Shahinian, Bahl, 
Niepel, & Lorusso, 2017).

2. The bladder consists of three layers, the mucosa, 
submucosa, and muscularis, each of which are sen-
sitive to damage by chemotherapy and radiation 
therapy, alone or in combination. Chemotherapy- 
and radiation therapy–induced damage to the 
bladder, specifically hemorrhagic cystitis, is 
thought to be induced by damage to the glycos-
aminoglycan layer of the bladder, resulting in 
loss of barrier function (Çetinel, 2015).

B. Antineoplastic-associated genitourinary toxicities
1. Acute kidney injury (AKI)

a) Definition/pathophysiology: AKI is charac-
terized by rapid deterioration in renal func-
tion leading to accumulation of blood nitrog-
enous waste that is typically excreted in urine 
(Perlman et al., 2013). Initial presentation 
includes increasing blood urea nitrogen and 
serum creatinine but can also include oligu-
ria, anuria, edema, hypertension, proteinuria, 
electrolyte disturbances, and flank pain (Perl-
man et al., 2013). Kidney function is a cru-
cial consideration when developing treatment 

plans in patients with cancer because of the 
propensity of certain antineoplastic agents, as 
well as certain cancer types, to cause kidney 
damage. AKI and electrolyte disturbances are 
the most common renal complications seen 
in patients with cancer (Lameire, Vanholder, 
Van Biesen, & Benoit, 2016).

b) Incidence: Exact incidence is unknown. See 
Table 19-1 for drug-related incidence.

c) Risk factors
(1) Pharmacologic agents

(a) Chemotherapy: Aldesleukin, azaciti-
dine, carboplatin, carmustine, diazi-
quone, cisplatin, gallium nitrate, 
ifosfamide, methotrexate, mitomy-
cin C, nitrosoureas, pentostatin, 
plicamycin, semustine, streptozo-
cin (Aapro & Launay-Vacher, 2012)

(b) Targeted therapies: Bevacizumab, 
cabozantinib, sorafenib, sunitinib 
(Aapro & Launay-Vacher, 2012; 
Choueiri et al., 2017)

(c) Immunotherapy agents: Combi-
nation nivolumab and ipilimumab 
(Cortazar et al., 2016)

(d) Other drugs: IV bisphosphonates, 
including ibandronate, pamidro-
nate, and zoledronic acid (Aapro 
& Launay-Vacher, 2012; Arellano 
et al., 2015)

(2) Preexisting conditions
(a) Syndrome of inappropriate antidi-

uretic hormone secretion (SIADH)
(b) Tumor lysis syndrome
(c) Preexisting renal disease
(d) Chronic comorbidities: Diabetes, 

chronic kidney disease, hyperten-
sion, cardiac insufficiency, autoim-
mune disease

(e) Urinary stones
(f) Urinary tract infections
(g) Lower urinary tract obstruction
(h) Hydronephrosis
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Table 19-1. Genitourinary Toxicities With Specific Chemotherapy, Targeted Therapy, and Immunotherapy Agents 

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents

Alkylating 
agents

Bendamustine
(Bendeka®, Treanda®)

Increased serum creatinine 
(grade 3–4): 2%

Drug is associated with TLS.
Use with caution in patients with mild to moderate renal 

impairment.
Drug is not recommended in patients with CrCl < 40 ml/min.

Cisplatin
(Platinol®, 
Platinol®-AQ)

Acute renal failure and 
chronic renal insufficiency: 
28%–36%

Monitor CrCl and electrolytes.
Dose adjust for CrCl < 50 ml/min.
Prehydration with 1–2 L of fluid is recommended.
Replete electrolytes as needed

Cyclophosphamide
(Cytoxan®)

SIADH: < 1%
Hemorrhagic cystitis

Dose adjust for CrCl < 10 ml/min.
Increase fluid intake 1–2 days after dose to avoid bladder 

toxicity (hemorrhagic cystitis).

Ifosfamide
(Ifex®)

Renal insufficiency: 6%
Hemorrhagic cystitis

Drug may cause severe nephrotoxicity resulting in renal 
failure.

Drug is associated with proteinuria and SIADH.

Melphalan
(Alkeran®, Evomela®)

Hypokalemia: 74%
Renal failure: 1%–10%

Drug is associated with SIADH.
Reduce dose 50% for CrCl < 10 ml/min.

Oxaliplatin
(Eloxatin®)

Increased serum creatinine: 
5%–10%

Drug is associated with hypokalemia and dehydration.
Dose adjust for CrCl < 30 ml/min.

Antimetabolites Azacitidine
(Vidaza®)

Renal failure: < 5% Monitor serum creatinine.
Drug is associated with TLS.

Capecitabine
(Xeloda®)

Renal insufficiency: < 1%
Dehydration: 7%

Drug is contraindicated in patients with CrCl < 30 ml/min.
Drug is associated with risk of dehydration resulting in 

acute renal failure.
Exercise caution with concomitant use with nephrotoxic 

agents.

Fludarabine Renal failure: ≤ 1% Monitor CrCl.
Dose adjust for CrCl < 80 ml/min.

Gemcitabine
(Gemzar®)

Increased BUN: 16%
Proteinuria: 45%
Increased serum creati-

nine: 8%

Drug is associated with capillary leak syndrome.
Monitor serum creatinine and BUN.

Methotrexate Not defined Drug is associated with AKI.
Drug can cause crystal nephropathy when given at high 

doses.
Maintain adequate hydration and urinary alkalization.

Pemetrexed
(Alimta®)

Increased serum creatinine: 
≤ 5%

Drug is not recommended in patients with CrCl < 45 ml/
min.

Drug can be retained in pleural effusions and ascites.

Pentostatin
(Nipent™)

Increased serum creatinine: 
3%–10%

Nephrolithiasis: < 3%
Renal failure: < 3%

Severe renal toxicities can result with higher-than-recom-
mended doses.

Discontinue if CrCl < 30 ml/min.

Antitumor anti-
biotics

Bleomycin
(Blenoxane®)

Nephrotoxicity: < 1% Dose adjust if CrCl < 60 ml/min.

Mitomycin
(Mitosol®)

Increased serum creati-
nine: 2%

Do not administer if serum creatinine > 1.7 mg/dl
Associated with hemolytic-uremic syndrome

(Continued on next page)



Chapter 19. Genitourinary Toxicities 473

Table 19-1. Genitourinary Toxicities With Specific Chemotherapy, Targeted Therapy, and Immunotherapy Agents  
(Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Antitumor anti-
biotics: Anthra-
cyclines

Idarubicin
(Idamycin®)

Not defined Dose adjust for CrCl < 50 ml/min.

Miscellaneous Hydroxyurea
(Hydrea®)

Not defined Drug is associated with increased serum creatinine, BUN, 
uric acid, and renal tubular disease.

Plant alkaloids: 
Taxanes

Cabazitaxel
(Jevtana®)

Renal failure: 4% Use with caution if CrCl < 30 ml/min.

Plant alkaloids: 
Vinca alkaloids

Vincristine sulfate, vin-
cristine sulfate lipo-
somal
(Oncovin®, Marqibo®)

Not defined Drug is associated with SIADH.

Targeted Therapy Agents

Small molecule 
inhibitors

Cabozantinib
(Cabometyx®)

Increased serum creati-
nine: 58%

Drug is associated with proteinuria and HTN.
Monitor serum creatinine.

Gefitinib
(Iressa®)

Increased serum creati-
nine: 2%

Proteinuria: 8%–35%

Monitor serum creatinine and UA.

Imatinib mesylate
(Gleevec®)

Increased serum creatinine: 
≤ 44%

Drug is associated with AKI and SIADH.
Dose adjust for CrCl < 60 ml/min.

Sunitinib
(Sutent®)

Increased serum creatinine: 
70% in patients with renal 
cell carcinoma

Drug is associated with proteinuria, HTN, and TLS.

Immunotherapy Agents

Cytokines: 
Interleukins

Interleukin-2 (IL-2), 
aldesleukin
(Proleukin®)

Hypomagnesemia: 12%
Increased serum creati-

nine: 33%
Acute renal failure: 1%

Drug is associated with capillary leak syndrome.
Patients must have serum creatinine ≤ 1.5 mg/dl prior to 

treatment.
Monitor vital signs and intake and output frequently.

Miscella-
neous: Biologic 
response mod-
ifiers

Lenalidomide (Rev-
limid®)

Hypomagnesemia: 6%–7%
Hypokalemia: 7%–17%
Renal failure: 4%–10%

Dose adjust for CrCl < 60 ml/min.
Drug is associated with TLS.
Use with caution in patients with renal impairment.

Monoclonal 
antibodies

Bevacizumab
(Avastin®)

Increased serum creati-
nine: 16%

Drug can cause elevated blood pressure.
Drug is associated with proteinuria and increased serum 

creatinine.

Miscellaneous

Bisphospho-
nates

Pamidronate
(Aredia®)

Increased serum creatinine: 
≤ 19%

Drug can cause electrolyte abnormalities.
Initial doses have been associated with renal failure and 

dialysis.
Drug is associated with glomerulosclerosis.
Do not use in patients with renal impairment.

Zoledronic acid 
(Zometa®)

Renal insufficiency: 
8%–17%

Risk of AKI is increased with abnormal baseline creati-
nine.

(Continued on next page)
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(3) Cancer types: Multiple myeloma and 
renal involvement of tumor

(4) Patient characteristics
(a) Age older than 65
(b) Family history of chronic kidney 

disease
d) Clinical manifestations (Perlman et al., 2013)

(1) Hematuria, pyuria
(2) Edema
(3) Hypertension
(4) Oliguria
(5) Weight gain

e) Assessment
(1) Laboratory assessment

(a) Serum creatinine
(b) Creatinine clearance (CrCl) 

using Cockcroft-Gault formula 
or 24-hour urine (Cockcroft & 
Gault, 1976)

(c) Proteinuria (best assessed with 
24-hour urine)

(d) Electrolyte abnormalities
(e) Albumin

(2) Imaging: Renal ultrasound
(3) Physical assessment

(a) Intake and output
(b) Vital signs
(c) Daily weights
(d) Edema
(e) Costovertebral angle tender-

ness
f) Collaborative management

(1) Assess for risk factors prior to initiat-
ing nephrotoxic agents.

(2) Optimize hydration status and evalua-
tion prior to starting therapy.

(3) Follow dosing adjustments for patients 
with impaired renal function.

(4) Minimize coadministration of non-
steroidal anti-inf lammatory drugs 
(NSAIDs) or cyclooxygenase-2 inhib-
itors (Aapro & Launay-Vacher, 2012).

(5) Optimize treatment of comorbidities 
such as hypertension and diabetes.

(6) See Drug-Specific Considerations sec-
tion later in chapter.

g) Patient and family education
(1) Educate patients and families regarding 

the risk of AKI with cytotoxic agents.
(2) Educate patients and families on the 

signs and symptoms of AKI.
(3) Instruct patients to notify the health-

care team if the following symptoms 
occur (Forman, 2017):
(a) No urine output for more than 12 

hours
(b) Very small amounts of dark urine
(c) Appearance of urine is dark, con-

centrated, or cloudy, or blood is 
present

(d) Occurrence of edema or acute 
weight gain

(4) Encourage patients to monitor their 
blood pressure at home.

(5) Educate patients and families about 
the importance of adequate oral hydra-
tion—up to 3 L per day while they are 
receiving nephrotoxic cytotoxic agents 
(e.g., cisplatin, methotrexate) (Alman-
ric, Marceau, Cantin, & Bertin, 2017; 
Howard, McCormick, Pui, Budding-
ton, & Harvey, 2016).

Table 19-1. Genitourinary Toxicities With Specific Chemotherapy, Targeted Therapy, and Immunotherapy Agents  
(Continued)

Classification Drug Side Effects Nursing Considerations

Miscellaneous (Cont.)

Calcineurin 
inhibitors

Cyclosporine
(Sandimmune®)

Increased serum creatinine: 
16% to > 50%

Renal insufficiency: 10%–
38%

Monitor serum creatinine, electrolytes, UA, and HTN.
Drug is associated with interstitial nephritis.

Tacrolimus
(Prograf®)

Nephrotoxicity: > 10% Nephrotoxicity is associated with higher doses.
Drug is associated with AKI, hydronephrosis, increased 

BUN and creatinine, interstitial nephritis, and renal tubu-
lar necrosis.

AKI—acute kidney injury; BUN—blood urea nitrogen; CrCl—creatinine clearance; HTN—hypertension; SIADH—syndrome of inappropriate antidiuretic hor-
mone secretion; TLS—tumor lysis syndrome; UA—urinalysis
Note. Based on information from Wolters Kluwer Health, 2017.
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2. SIADH
a) Definition/pathophysiology: SIADH is a 

paraneoplastic syndrome characterized by 
impaired water excretion secondary to excess 
antidiuretic hormone, which causes the kid-
neys to reabsorb water. Water retention in turn 
leads to hyponatremia (Sterns, 2017). Para-
neoplastic SIADH is thought to be the result 
of ectopic secretion of antidiuretic hormone 
from tumor cells (Gralla et al., 2017). Certain 
antineoplastic agents can cause hyponatre-
mia; therefore, it is important to determine 
the cause of SIADH, as SIADH is typically 
a diagnosis of exclusion (Burst et al., 2017).

b) Diagnostic criteria (Spasovski et al., 2014)
(1) Effective serum osmolality less than 

275 mOsm/kg
(2) Urine osmolality greater than 100 

mOsm/kg at some level of decreased 
effective osmolality

(3) Clinical euvolemia
(4) Urine sodium concentration greater 

than 30 mmol/L with normal dietary 
salt and water intake

(5) Absence of adrenal, thyroid, pituitary, 
or renal insufficiency

(6) No recent diuretic agents
c) Incidence: SIADH occurs in 1%–2% of all 

patients with cancer and is more prevalent 
in patients with non-small cell lung cancer, 
as well as prostate, breast, adrenal, and small 
cell lung cancer (Dimitriadis et al., 2017).

d) Risk factors
(1) Pharmacologic agents

(a) Chemotherapy: Cisplatin, ifos-
famide, melphalan, methotrexate, 
vinblastine, vincristine, vinorelbine

(b) Immunotherapy: Immunother-
apy agents can cause hypophysi-
tis, which is inflammation of the 
pituitary gland. When the pituitary 
gland is inflamed, the normal body 
functions it controls, such as regu-
lation of the endocrine system and 
storage of hormones produced by 
the hypothalamus, can be signif-
icantly altered (Vazquez, 2017).

(c) Other drugs: Amiodarone, ami-
triptyline, ciprofloxacin, haloper-
idol, NSAIDs, selective serotonin 
reuptake inhibitors, thiazides

(2) Preexisting conditions: Cerebrovascu-
lar accident, infection, mental illness, 
hypopituitarism, hypothyroidism, HIV 
(Sterns, 2017)

(3) Cancer types: Non-small cell lung can-
cer, prostate cancer, breast cancer, adre-
nal cancer, head and neck cancer, olfac-
tory neuroblastoma

(4) Patient characteristics: Older than 
age 65

e) Clinical manifestations (dependent on serum 
sodium concentration)

(1) Serum sodium less than 125 mEq/L: 
Altered mental status, seizures, coma, 
respiratory collapse (Dimitriadis et 
al., 2017)

(2) Serum sodium 125–135 mEq/L: 
Increased thirst, anorexia, nausea, 
weakness, fatigue, muscle cramps, 
headache (Dimitriadis et al., 2017)

f) Assessment
(1) Laboratory assessment

(a) Serum sodium
(b) Serum osmolality
(c) Urine sodium
(d) Urine osmolality
(e) Serum cortisol
(f) Thyroid-stimulating hormone, 

free T4
(g) CrCl

(2) Imaging: Brain magnetic resonance 
imaging if concern for SIADH second-
ary to immune-related hypophysitis

(3) Physical assessment
(a) Thorough patient history includ-

ing current medications and 
comorbidities

(b) Neurologic examination
(c) Assessment for signs and symp-

toms of fluid volume overload
i. Hypertension

ii. Edema
iii. Weight gain
iv. Decreased urine output
v. Altered respiratory status

g) Collaborative management
(1) Consulting endocrinology colleagues 

has been shown to improve patient out-
comes (Dimitriadis et al., 2017).

(2) Treatment (Peri, Grohé, Berardi, & 
Runkle, 2017)
(a) Fluid restriction
(b) Hypertonic saline
(c) Tolvaptan, an oral V2 receptor 

antagonist indicated for clini-
cally significant hypovolemic and 
euvolemic hyponatremia (Gralla 
et al., 2017)

(d) Salt tablets
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(e) Loop diuretics
(f) Treatment of the underlying cause 

(e.g., malignancy); if related to 
hypophysitis—treat with cortico-
steroids (Vazquez, 2017).

h) Patient and family education
(1) Educate patients and families on the 

risk factors for SIADH.
(2) Educate patients and families on the 

clinical signs and symptoms of SIADH, 
and stress the importance of notifying 
the healthcare team if signs or symp-
toms appear.

3. Tumor lysis syndrome
a) Definition/pathophysiology: Tumor lysis 

syndrome is an oncologic emergency that 
results when a large number of tumor cells 
are killed, or lysed, causing the intracellular 
components to be dumped into circulation. 
This can lead to a variety of metabolic abnor-
malities, including hyperkalemia, hyper-
phosphatemia, hypocalcemia, and hyper-
uricemia, which in turn cause AKI (Kaplow 
& Iyere, 2016; Weeks & Kimple, 2015). The 
syndrome is most commonly seen in hema-
tologic malignancies treated with cytotoxic 
therapies/chemotherapy, although it can 
also occur in solid tumors carrying signif-
icant tumor burden with strong chemo-
sensitivity (Weeks & Kimple, 2015). Early 
identification and treatment is critical to 
avoid life-threatening consequences (Cairo, 
Coiffier, Reiter, & Younes, 2010). The most 
widely accepted definition was described by 
Cairo and Bishop (2004) with both labora-
tory and clinical considerations.

b) Diagnostic criteria: The following laboratory 
results and clinical data must be within three 
days before or seven days after cytotoxic ther-
apy (Cairo & Bishop, 2004).

(1) Laboratory tumor lysis syndrome: Must 
contain two or more of the following:
(a) Uric acid 8 mg/dl or higher, or 

25% increase from baseline
(b) Potassium 6 mmol/L or higher, or 

25% increase from baseline
(c) Phosphorus 4.5 mg/dl or higher, 

or 25% increase from baseline
(d) Calcium 7 mg/dl or lower, or 25% 

decrease from baseline
(2) Clinical tumor lysis syndrome: Meets 

laboratory criteria plus one of the fol-
lowing:
(a) Creatinine at least 1.5 times the 

upper limit of normal

(b) Cardiac arrhythmias/sudden 
death

(c) New-onset seizure
c) Incidence: Exact incidence unknown
d) Risk factors: Medications/treatments cause 

tumor lysis syndrome by causing rapid cell 
death (Kaplow & Iyere, 2016).

(1) Pharmacologic agents
(a) Chemotherapy: Alemtuzumab, 

cisplatin, cladribine, cytarabine, 
doxorubicin, etoposide, f luda-
rabine, gemtuzumab, imatinib 
mesylate, mitoxantrone, pacli-
taxel, rituximab, tamoxifen

(b) Radiation: Total body irradiation
(c) Other drugs: Corticosteroids

(2) Cancer types
(a) Hematolog ic mal ignancies : 

Burkitt lymphoma, acute lympho-
blastic lymphoma, acute lympho-
blastic leukemia, acute myeloid 
leukemia, chronic leukemia, T-cell 
lymphoma, metastatic lymphoma, 
multiple myeloma (Coiffier, Alt-
man, Pui, Younes, & Cairo, 2008; 
Kaplow & Iyere, 2016)

(b) Solid tumors with high tumor 
burden: Breast cancer, colorec-
tal cancer, germ cell cancer, lym-
phosarcoma, metastatic medullo-
blastoma, neuroblastoma, ovarian 
cancer, small cell lung cancer, thy-
moma, vulvar cancer (Kaplow & 
Iyere, 2016)

(3) Patient characteristics: Acidic urine, 
dehydration, extensive lymph node 
involvement, hyperuricemia, increased 
lactate dehydrogenase, leukocytosis, 
hyperkalemia, hyperphosphatemia, 
large tumor burden, nephrotoxic agent 
exposure, oliguria, renal dysfunction, 
renal involvement of cancer at diag-
nosis (Cairo et al., 2010; Kaplow & 
Iyere, 2016)

e) Clinical manifestations result from meta-
bolic abnormalities (Kaplow & Iyere, 2016).

(1) Weakness
(2) Nausea and/or vomiting
(3) Diarrhea
(4) Electrocardiogram abnormalities
(5) Muscle twitching
(6) Confusion and/or delirium
(7) Seizures
(8) Peripheral edema
(9) Oliguria
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(10) Flank pain
(11) Paralysis
(12) Paresthesias
(13) Muscle cramps

f) Assessment
(1) Laboratory assessment: Complete 

blood count, comprehensive metabolic 
panel, magnesium, phosphorus, uric 
acid, lactate dehydrogenase, urinaly-
sis, arterial blood gases, CrCl (using 
Cockcroft-Gault formula)

(2) Imaging: Electrocardiogram
(3) Physical examination

(a) Vital signs
(b) Chvostek sign: Contraction of the 

ipsilateral facial muscles elicited 
by tapping the facial nerve just in 
front of the ear (Goltzman, 2017)

(c) Trousseau sign: Adduction of the 
thumb, flexion of wrist and meta-
carpophalangeal joints, and exten-
sion of the interphalangeal joints 
as induced by a blood pressure cuff 
inflated above systolic blood pres-
sure on the upper arm for three 
minutes (Goltzman, 2017)

(d) Weight changes
(e) Daily intake and output
(f) Changes in mental status

g) Collaborative management
(1) Prevention: Close monitoring and 

assessment of high-risk patients is essen-
tial to prevent and treat tumor lysis syn-
drome (Coiffier et al., 2008).

(2) Treatment and management options
(a) Hydration: Aggressive hydration 

and diuresis are the cornerstone 
of management and prevention 
(Coiffier et al., 2008).

i. Hydration should begin 
24–72 hours prior to initiat-
ing antineoplastic therapy, 
with a goal of 2–3 L per day 
(Kaplow & Iyere, 2016).

ii. Diuretics may be necessary 
to maintain adequate urine 
output (Coiffier et al., 2008).

(b) Alkalinization: No longer recom-
mended (Coiffier et al., 2008)

(c) Allopurinol: Prevents the conver-
sion of purine metabolites to uric 
acid (Coiffier et al., 2008)

i. It is used in combination 
with vigorous hydration in 
low-risk patients (Shaikh, 

Marini, Hough, & Perissino-
tti, 2018).

ii. The dosing is 300 mg PO 
daily starting several days 
pr ior to chemotherapy 
administration.

(d) Recombinant urate oxidase (ras-
buricase)

i. The U.S. Food and Drug 
Administ rat ion (F DA) 
approved rasburicase in 
2002 for the management of 
tumor lysis syndrome. It works 
by rapidly reducing uric acid 
levels, preventing or revers-
ing AKI (Shaikh et al., 2018).

ii. It is for use in high-risk 
patients and should be 
avoided in patients with 
glucose-6-phosphate dehy-
d ro gen a s e  de f ic ienc y 
(Coiffier et al., 2008).

iii. FDA dosing for rasburicase 
is 6 mg flat dose; however, 
recent evidence has sug-
gested using a flat dose of 3 
mg for patients with uric acid 
levels of 8–15 mg/dl is non-
inferior (Shaikh et al., 2018).

(3) Nursing considerations
(a) Collaborate with providers to 

determine if cardiac monitoring is 
indicated (Kaplow & Iyere, 2016).

(b) Closely monitor laboratory results, 
specifically paying attention to 
electrolytes, uric acid, and renal 
function.

(c) Ensure adequate hydration of 
at-risk patients.

(d) Closely monitor for changes in cog-
nition or mental status.

h) Patient and family education
(1) Educate patients and families on the 

risk factors and treatment strategies 
for tumor lysis syndrome.

(2) Educate patients and families on the 
clinical signs and symptoms, and stress 
the importance of notifying the health-
care team if signs or symptoms appear.

4. Chronic kidney disease
a) Pathophysiology: Chronic kidney disease 

is defined as abnormal kidney function or 
structure for a period greater than three 
months (McManus & Wynter-Minott, 2017). 
Many patients with cancer may have preex-
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isting chronic kidney disease or be at higher 
risk because of comorbidities or exposure to 
nephrotoxic cytotoxic agents. The disease is 
best managed in consultation with nephrol-
ogy specialists (Shahinian et al., 2017).

b) Incidence: The exact incidence in patients 
with cancer is unknown, although renal 
impairment is present in more than half 
of patients with solid tumors (Aapro & 
Launay-Vacher, 2012).

c) Risk factors
(1) Chemotherapy: Cisplatin, ifosfamide, 

melphalan, methotrexate, vinblastine, 
vincristine, vinorelbine

(2) Preexisting conditions: Type 2 diabe-
tes, hypertension, history of kidney 
transplantation, vitamin D deficiency

(3) Cancer types: Solid tumor malig-
nances, multiple myeloma, bone metas-
tasis

(4) Patient characteristics
(a) Older than age 70
(b) Male gender
(c) Cigarette use

d) Clinical manifestations
(1) Hypertension
(2) Edema
(3) Weight gain
(4) Decreased urine output

e) Assessment
(1) Laboratory assessment

(a) Serum creatinine
(b) Blood urea nitrogen
(c) CrCl using Cockcroft-Gault for-

mula or 24-hour urine (Cockcroft 
& Gault, 1976)

(d) Proteinuria (best assessed with 
24-hour urine)

(e) Electrolyte abnormalities
(f) Albumin

(2) Imaging: Renal ultrasound
(3) Physical assessment

(a) Intake and output
(b) Vital signs
(c) Daily weights
(d) Edema
(e) Costovertebral angle tenderness

f) Collaborative management: Patients with 
preexisting chronic kidney disease should 
be followed by a nephrologist while under-
going cancer treatment.

g) Patient and family education
(1) Educate patients and families regard-

ing the risk of chronic kidney disease 
with cytotoxic agents.

(2) Educate patients and families on the 
signs and symptoms of worsening 
chronic kidney disease.

(3) Encourage patients to monitor their 
blood pressure at home.

(4) Educate patients and families about 
the importance of adequate oral hydra-
tion—up to 3 L per day while receiving 
nephrotoxic cytotoxic agents (e.g., cis-
platin, methotrexate).

(5) Educate patients and families on the 
importance of continued follow-up 
with nephrology while undergoing can-
cer treatment.

5. Hemorrhagic cystitis
a) Definition/pathophysiology: Hemorrhagic 

cystitis is defined as diffused inflammatory 
condition of the urinary bladder due to an 
infection or noninfectious etiology result-
ing in bleeding from the bladder mucosa 
(Manikandan, Kumar, & Dorairanjan, 2010). 
Treatment-related causes include both che-
motherapy and radiation (Haldar, Dru, & 
Bhowmick, 2014). Although bacteria and 
fungi pathogens promote inflammation of 
the urinary tract, they seldom cause hemor-
rhagic cystitis. Viruses have a high incidence 
of causing hemorrhagic cystitis in immuno-
compromised patients. Hemorrhagic cysti-
tis can be acute or chronic, and severity can 
range from mild discomfort in the lower abdo-
men to severe life-threatening hemorrhage 
characterized by frequency, lower abdom-
inal pain, and dysuria (Dosin et al., 2017).

b) Incidence
(1) May affect up to 70% of immunocom-

promised population (Ruggeri et al., 
2015).

(2) BK viruria occurs in 25%–100% of 
hematopoietic stem cell transplanta-
tion (HSCT) recipients and can lead 
to BK polyomavirus–associated hemor-
rhagic cystitis in up to 40% (Schneide-
wind et al., 2017).

(3) The incidence of hemorrhagic cystitis 
in the adult and pediatric population 
after HSCT ranges from 10% to 70% 
in the literature (Au et al., 2017; Rug-
geri et al., 2015).

(4) Early-onset hemorrhagic cystitis, occur-
ring two to three days after HSCT, 
is usually associated with thrombo-
cytopenia, conditioning regimens 
with high-dose alkylating chemother-
apy agents, and radiation therapy. 
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Delayed-onset hemorrhagic cystitis 
occurs two to three weeks after HSCT, 
is usually caused by viral infections due 
to depressed immune cell response or 
graft-versus-host disease (GVHD), and 
is often fatal (Au et al., 2017).

c) Risk factors
(1) Pharmacologic agents

(a) Chemotherapy agents are known 
to cause hemorrhagic cystitis as 
a result of hepatic breakdown of 
antineoplastic agents to toxic com-
pounds that affect the internal 
membrane of the bladder or uro-
thelium (Johnston et al., 2015).

i. Cyclophosphamide and ifos-
famide are metabolized by 
the liver and converted into 
antineoplastic agents phos-
phoramide mustard and 
iphosphoramide mustard, 
respectively, and into a com-
pound called acrolein that is 
responsible for injury to the 
urothelium in the bladder 
(Haldar et al., 2014). Accu-
mulation of acrolein in the 
bladder induces release of 
inf lammatory mediators 
including tumor necrosis 
factor-alpha, interleukin-
1-beta, and endogenous 
nitric oxide, which provokes 
vascular dilation, mucosal 
inflammation, and increased 
capillary fragility, causing 
hemorrhage of the bladder 
(Haldar et al., 2014).

ii. Busulfan and thiotepa are 
alkylating agents known to 
induce trauma to the uro-
thelium wall of the bladder. 
These are often used in the 
conditioning regimen for 
HSCT (Lam, Storek, Li, Ged-
des, & Daly, 2017).

(b) Although immunotherapies can 
be associated with inflammatory 
response (e.g., cytokine release 
syndrome), there is no evidence 
to date of correlation with hem-
orrhagic cystitis.

(c) Radiation therapy in combina-
tion with chemotherapy causes 
hemorrhagic cystitis in approx-

imately 15%–20% of patients 
with cancer. The effect of radi-
ation and chemotherapy causes 
single- and double-stranded DNA 
to break, leading to activation of 
DNA damage repair genes and 
apoptosis in a vicious circle that 
depletes the energy sources of 
the cells, resulting in loss of blad-
der muscle expansion, hyperpla-
sia, and progressively worsening 
hemorrhagic cystitis (Haldar et 
al., 2014).

i. External beam radiation 
causes ischemia to the blad-
der mucosa as a result of 
endarteritis progressing to 
hypovascular, hypocellular, 
and hypoxic tissue, leading 
to ulcerative tissue forma-
tion and bleeding (Kaplan 
& Wolf, 2009).

ii. Radiation causes cellular 
depletion, fibrosis, and oblit-
erative endarteritis of the 
urothelial wall in the blad-
der, causing late onset of 
hemorrhagic cystitis (A. 
Thompson et al., 2014).

(2) Preexisting conditions
(a) GVHD, a complication after 

HSCT, is a condition where the 
matured T lymphocytes from the 
donor bone marrow attack the host 
tissues of the transplant recipient.

i. GVHD in the bladder may 
also cause hemorrhagic 
cystitis as T lymphocytes 
induce urothelial damage 
and hematuria (Lunde et 
al., 2015).

ii. Immunosuppressive therapies 
to treat GVHD aid in micro-
organism infections that exac-
erbate hemorrhagic cystitis 
(Lunde et al., 2015; Scadden 
& Raaijmakers, 2017).

(b) Infection may lead to hemorrhagic 
cystitis by acquired or reactivation 
of microorganisms in the pres-
ence of an exacerbated immuno-
suppression state (Schneidewind 
et al., 2017).

i. BK virus, JC virus, adenovi-
rus type 11, cytomegalovi-
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rus, and herpesvirus play a 
crucial role in inflammatory 
processes and breakdown of 
epithelial cells of the bladder 
mucosa, leading to painful 
hematuria in patients with 
cancer (Dosin et al., 2017; 
Fu et al., 2013).

ii. Fungal organisms, such as 
Candida albicans and trop-
icalis, Cryptococcus neofor-
mans, Aspergillus fumigatus, 
and Torulopsis glabrata, cause 
inner bladder inflammation 
and damage of the urothe-
lium in the bladder (Mani-
kandan et al., 2010; Wang et 
al., 2015).

iii. Bacterial infections affecting 
the bladder’s mucosa, specif-
ically Escherichia coli, Staphy-
lococcus saprophyticus, Proteus 
mirabilis, and Klebsiella, con-
tribute to loss of cellular uro-
thelial protective function in 
the bladder (Manikandan et 
al., 2010).

d) Clinical manifestations
(1) Signs and symptoms of patients present-

ing with hemorrhagic cystitis should be 
classified based on the grade of bleed-
ing with the purpose of providing prog-
nosis of survival and treatments. Grad-
ing ranges from 1 to 4; higher grade 
indicates higher mortality risk (Au et 
al., 2017).
(a) Grade 1: Presenting microscopic 

hematuria
(b) Grade 2: Macroscopic hematuria
(c) Grade 3: Macroscopic hematuria 

with small clots
(d) Grade 4: Gross hematuria with 

clot s causing ur inar y t ract 
obstruction requiring clot evac-
uation

(2) In addition to the severity of hemor-
rhage, hemorrhagic cystitis is classified 
according to time of occurrence after 
cancer treatments: early stage is within 
72 hours, and late stage is after the 
first 72 hours post-treatment. Patients 
experiencing hemorrhagic cystitis may 
present with pain in the lower abdomi-
nal area, fever, weakness, palpitations, 
and frustration due to the prolonged 

period of discomfort (Au et al., 2017; 
Dosin et al., 2017).

e) Collaborative management
(1) Assessment

(a) Review past infections that may 
be reactivated by a neutropenic 
state, such as BK virus (Graham, 
2017; Wilkinson, Treas, Barnett, 
& Smith, 2015).

(b) Collaborate with medical teams 
to expedite obtaining urine cul-
ture and polymerase chain reac-
tion to identify pathogen infec-
tions and viral load (Klein et 
al., 2015).

(c) Assess renal function by obtain-
ing the following laboratory levels: 
blood urea nitrogen, creatinine, 
glomerular filtration rate, and uri-
nalysis. Collaborate in obtaining 
an interstitial biopsy to verify and 
monitor bladder and renal infec-
tions (Klein et al., 2015).

(d) Identify drinking and voiding pat-
terns to formulate plans of care in 
the presence of possible hemor-
rhagic cystitis.

(e) Assess patients’ menstrual cycle 
to prevent misinterpretation with 
hematuria.

(f) Review treatment plans to corre-
late potential risk factors for hem-
orrhagic cystitis, including chemo-
therapy agents, radiation therapy, 
pathogen infections, and neutro-
penia. Identify antineoplastic ther-
apies associated with hemorrhagic 
cystitis (e.g., cyclophosphamide, 
ifosfamide, radiation) and mon-
itor for associated clinical mani-
festations.

(2) Monitoring
(a) Monitor urinalysis to identify pos-

sible occurrences of hematuria 
(D.L. Thompson, 2017).

(b) Monitor urinalysis and sensitivity 
to screen for potential pathogens 
associated with hemorrhagic cys-
titis (D.L. Thompson, 2017).

(c) Monitor complete blood count to 
anticipate risks of anemia, neutro-
penia, and thrombocytopenia in 
the presence of hemorrhagic cysti-
tis (D.L. Thompson, 2017; Wilkin-
son et al., 2015).
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(d) Monitor fluid intake and output to 
maintain fluid balance at all times 
(D.L. Thompson, 2017).

(3) Treatment: Management of hemor-
rhagic cystitis varies depending on 
etiology and symptomatic presenta-
tion. Some antineoplastic protocols 
include initiating continuous bladder 
irrigation in the presence of condition-
ing regimens known to cause hemor-
rhagic cystitis.
(a) Bladder irrigation: Continuous 

bladder irrigation is the treatment 
of choice for hemorrhagic cystitis. 
A three-way urethral catheter to 
continuously irrigate the bladder 
will decompress any clots formed 
and often will stop the bleeding. In 
addition, continuous bladder irri-
gation decreases concentration of 
acrolein and its contact time with 
the bladder urothelium. Some anti-
neoplastic protocols include initi-
ating it prior to cyclophosphamide 
chemotherapy or in combination 
with the bladder protectant mesna, 
hyperhydration with forced diure-
sis and frequent voiding, antibiotic 
prophylaxis with fluoroquinolones, 
and urethral catheterization (Gon-
ella, di Pasquale, & Palese, 2015).

i. Continuous bladder irriga-
tion with 0.9% sodium chlo-
ride isotonic solution or man-
ual irrigation of clots reduces 
bleeding by removing uro-
kinase, an anticoagulant 
substance secreted into the 
urine by the kidney (Gonella 
et al., 2015).

ii. Alum may be added to the 
bladder irrigation to cause 
reduced protein precipita-
tion, vasoconstriction, and 
decreased capillary perme-
ability (Ziegelmann, Boor-
jian, Joyce, Montgomery, & 
Linder, 2017).

iii. Silver nitrate bladder instilla-
tion causes chemical coagu-
lation and scarring at bleed-
ing site (Ziegelmann et al., 
2017).

iv. Formalin bladder instilla-
tion stops bleeding by caus-

ing chemical corrosion in 
the bladder mucosa without 
scar tissue formation (Zie-
gelmann et al., 2017).

v. Aminocaproic acid (Ami-
car®) may also be used for 
the management of hemor-
rhagic cystitis, but caution 
should be taken because 
of the risk for formation of 
hard clots in the bladder that 
are difficult to evacuate (A. 
Thompson et al., 2014).

vi. 2-Mercaptoethane sodium 
sulfonate (mesna) is the most 
widely used uroprotective 
agent that acts to neutral-
ize the corrosive metabolite 
acrolein, which is respon-
sible for induction of hem-
orrhagic cystitis. Through-
out the years, varying dos-
ages and timings of mesna 
and hyperhydration have 
been tested as prophylaxis 
against hemorrhagic cysti-
tis. In 2002, the American 
Society of Clinical Oncol-
ogy established clinical prac-
tice guidelines for the use of 
mesna (Schuchter, Hensley, 
Meropol, & Winer, 2002).

(b) Mesna dosing with ifosfamide 
therapy

i. With a standard dose of ifos-
famide less than 2.5 g/m2 
daily, dosing of mesna should 
equal 60% of the total daily 
dose of ifosfamide and be 
divided between three bolus 
doses administered 15 min-
utes before and 4 and 8 hours 
after the administration 
of each dose of ifosfamide 
(Matz & Hsieh, 2017).

ii. For an ifosfamide dosage 
greater than 2.5 g/m2 daily, 
mesna dosing has not been 
established, although it has 
been given in divided doses 
equivalent to 60%–160% of 
the ifosfamide daily dose. 
Example regimen:
• Before ifosfamide: Mesna 

equivalent of 20% of the 
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total daily ifosfamide dose 
given as IV bolus

• During ifosfamide: Mesna 
equivalent of 100%–120% 
of the total daily ifos-
famide dose given as IV 
infusion over 24 hours 
(mixed in bags with ifos-
famide)

• After ifosfamide: Mesna 
equivalent of 60% of the 
total daily ifosfamide dose 
given as IV infusion over 
12 hours

• Alternatively, mesna can 
be administered intrave-
nously at a dose equiva-
lent of 20% of the ifos-
famide dosage, followed 
by two oral doses, each at 
the equivalent of 40% of 
the antineoplastic agent. 
Mesna oral doses should 
be administered at two and 
six hours after each dose 
of ifosfamide (Schuchter 
et al., 2002).

iii. For patients receiving cyclo-
phosphamide, mesna should 
be administered at the mil-
ligram equivalent of 60%–
160% of the total dose of 
cyclophosphamide, divided 
in five doses given 15 min-
utes before and 3, 6, 9, and 
12 hours after each dose of 
cyclophosphamide.
• Mesna can be given con-

comitantly with both anti-
neoplastic agents cyclo-
phosphamide and ifos-
famide (Zhang et al., 
2013).

• Me s n a  do s i ng  w i t h 
high-dose cyclophospha-
mide (greater than 1 g/
m2, e.g., HSCT mobiliza-
tion with cyclophospha-
mide 1.5 g/m2) requires 
mesna equivalent of 60%–
160% total dose of cyclo-
phosphamide daily dos-
age given intravenously. 
Mesna must be given by 
IV administration in three 

to five divided doses or 
by continuous infusion. 
Mesna should be adminis-
tered each day cyclophos-
phamide is administered 
and continued for at least 
24 hours after cyclophos-
phamide is discontinued.

• Alternatively, if cyclophos-
phamide is given orally, 
mesna can initially be 
administered via IV at a 
dose equivalent of 20% of 
the antineoplastic agent, 
followed by two oral doses, 
each at the equivalent of 
40% of the antineoplas-
tic agent. Oral doses of 
mesna should be adminis-
tered at two and six hours 
after each dose of cyclo-
phosphamide (Schuchter 
et al., 2002).

iv. Mesna administration
• Mesna equivalent of 40% 

of the total daily cyclo-
phosphamide dose given 
as IV bolus before cyclo-
phosphamide

• Mesna equivalent of 40% 
of the total daily cyclophos-
phamide dose given as IV 
bolus 3, 6, 9, and 12 hours 
after the start of the cyclo-
phosphamide infusion

• Mesna can be given by 
mouth, taking into con-
sideration that its bio-
availability and half-life 
is approximately 50% of 
those observed after IV 
infusion (Jeelani et al., 
2017).

• Dexamethasone is also 
used as an adjunct to 
mesna to effectively pre-
vent hemorrhagic cystitis 
(Matz & Hsieh, 2017).

• In the setting of patients 
receiving cyclophospha-
mide for HSCT, mesna 
plus saline diuresis is rec-
ommended to prevent 
hemorrhagic cystitis (Matz 
& Hsieh, 2017).
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(c) Hyperbaric oxygen therapy may 
be used, as it causes vasoconstric-
tion, enhances angiogenesis and 
granulation tissue formation, and 
optimizes immune function at the 
cellular level (Haldar et al., 2014).

(d) Surgical interventions
i. Cystoscopy and fulguration 

using high-frequency elec-
trocautery; energy chan-
neled using either electro-
cautery or laser

ii. Intravesical formalin instilla-
tion using a large-bore cathe-
ter and cystogram under gen-
eral anesthesia (Ziegelmann 
et al., 2017)

iii. Cystectomy with urinary 
diversion (Au et al., 2017)

(4) Care coordination: Coordinate care 
with social work services, case manage-
ment, home health, and pharmacy for 
patients undergoing hemorrhagic cys-
titis treatment.

f) Patient and family education
(1) Educate patients and caregivers about 

the importance of actively participating 
in the prevention and management of 
hemorrhagic cystitis.

(2) Explain the importance of oral hydra-
tion, if not contraindicated, to stimu-
late frequent voiding while receiving 
oncologic treatments. Pollakiuria, or 
frequent voiding, minimizes the time 
that acrolein and microorganisms are 
in the bladder.

(3) Teach patients and families neutro-
penic precautions to avoid new and 
recurrent infections during the recov-
ery state that may exacerbate hemor-
rhagic cystitis.

(4) Educate about the importance of assess-
ing the urine and symptoms associ-
ated with hemorrhagic cystitis (e.g., 
pink and dark color, burning sensa-
tion while voiding, difficulty voiding, 
lack of sensation to urinate, frequency, 
lower abdomen pain).

(5) Explain to patients and caregivers the 
process of continuous bladder irriga-
tion and symptom management (D.L. 
Thompson, 2017; Wilkinson et al., 2015).

C. Drug-specific considerations
1. Chemotherapy

a) Cisplatin: Cisplatin is a platinum-based 
antineoplastic agent used in many differ-
ent malignancies. Nephrotoxicity is the pri-
mary dose-limiting toxicity, and thus treat-
ing with cisplatin-based regimens necessitates 
careful evaluation, prevention, and manage-
ment of associated nephrotoxicity (Crona et 
al., 2017). Cisplatin can also cause salt wast-
ing, magnesium wasting, SIADH, and hypo-
kalemia, which can lead to nephrotoxicity 
(Almanric et al., 2017).

(1) Incidence: See Table 19-1.
(2) Risk factors (Almanric et al., 2017)

(a) Pharmacologic agents
i. Chemotherapy: Previous cis-

platin exposure
ii. Other agents: Angiotensin- 

converting enzyme inhibi-
tors, angiotensin receptor 
blockers, and hydrochloro-
thiazide

(b) Preexisting conditions: Hyper-
tension, arteriosclerotic heart dis-
ease, myocardial infarction, coro-
nary artery bypass surgery, type 2 
diabetes

(c) Patient characteristics: Hypomag-
nesemia, hypokalemia

(3) Clinical manifestations
(a) Hypertension
(b) Electrolyte disturbances
(c) Edema

(4) Assessment: Assess CrCl using the 
Cockcroft-Gault formula prior to 
administration of cisplatin.

(5) Collaborative management
(a) Hydration: Patients should receive 

2–4 L of normal saline over two to 
six hours with cisplatin adminis-
tration (Crona et al., 2017).

(b) Mannitol: Reduces concentration 
of cisplatin in the kidneys; some 
studies suggest it should only be 
used for high-dose cisplatin (100 
mg/m2) or with preexisting hyper-
tension (Crona et al., 2017).

(c) Monitoring: Electrolytes, specifi-
cally magnesium and potassium; 
add to IV hydration accordingly.

b) Methotrexate: Methotrexate is an anti-
metabolite chemotherapy drug that dis-
rupts folic acid metabolism and is used for 
a range of different malignances. AKI is a 
well-documented toxicity, and methotrexate, 
like cisplatin, requires close monitoring and 
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prompt intervention to avoid kidney dam-
age (Howard et al., 2016). Nephrotoxicity 
occurs through crystal nephropathy, which 
is a result of methotrexate and its metabo-
lites forming precipitate within the renal 
tubules. Crystal-induced nephropathy ini-
tially might cause an elevation in serum cre-
atinine and then progress to tubular necro-
sis (Howard et al., 2016).

(1) Incidence: See Table 19-1.
(2) Risk factors

(a) Pharmacologic agents
i. Chemotherapy: High-dose 

methotrexate dosing (i.e., 
greater than 500 mg/m2)

ii. Other agents: Concurrent 
use of drugs that impair 
methotrexate clearance, 
such as NSAIDs, penicil-
lin, salicylates, probenecid, 
gemfibrozil, trimethoprim- 
sulfamethoxazole, proton 
pump inhibitors, levetirace-
tam, amphotericin, amino-
glycosides, radiographic con-
trast dyes

(b) Preexisting conditions: History 
of nephrotoxicity with previous 
methotrexate therapy

(c) Cancer types: Lymphomas
(d) Patient characteristics: Volume 

depletion
(3) Clinical manifestations

(a) Edema
(b) Electrolyte disturbances
(c) Hypertension

(4) Assessment
(a) Laboratory assessment

i. Monitor blood urea nitrogen 
and creatinine.

ii. Monitor urine pH and main-
tain above 7.

(b) Physical assessment
i. Assess for signs and symp-

toms of fluid overload.
ii. Perform strict intake and out-

put monitoring.
(5) Collaborative management (Howard 

et al., 2016)
(a) Discontinue medications that 

interfere with methotrexate elim-
ination.

(b) Hydration: Administer prehydra-
tion with IV fluids containing bicar-
bonate at a rate of 150–200 ml/hr 

for a total of 2 L prior to high-dose 
methotrexate administration.

(c) Perform strict monitoring of 
intake and output during and after 
high-dose methotrexate infusion.

(d) Urine alkalinization: Because 
methotrexate and its metabolites 
are poorly soluble in an acidic 
pH, using sodium bicarbonate for 
hydration increases urine pH to 7 
and thus increases the solubility of 
methotrexate, minimizing the risk 
of intratubular crystal formation 
(Howard et al., 2016).

(e) Monitor plasma methotrexate lev-
els closely and adjust leucovorin 
dosing accordingly.

(f) Glucarpidase is the antidote for 
methotrexate, indicated only 
for toxic methotrexate plasma 
concentrations greater than 1 
mcmol/L in patients with delayed 
clearance due to renal impair-
ment (Wolters Kluwer Health, 
2017).

2. Immunotherapy
a) Immune checkpoint inhibitors, f irst 

approved for use in melanoma, have quickly 
emerged in a number of different neoplasms. 
They work by enhancing tumor-directed 
immune response by targeting inhibitory 
receptors seen on T cells and other tumor 
cells (Cortazar et al., 2016). The toxicities 
associated with immunotherapy agents are 
immune-related events with the most com-
mon being dermatitis, colitis, hepatitis, 
pneumonitis, and hypophysitis, with mini-
mal effects to the kidneys. However, a small 
number of case reports cite immune-related 
nephritis, with ipilimumab, a cytotoxic 
T-lymphocyte antigen 4 inhibitor, as the 
most common offender (Izzedine et al., 
2014). Although no standard of care exists 
for immune-related nephritis, as with other 
immune-related toxicities, it is typically man-
aged with steroids (Cortazar et al., 2016; Izze-
dine et al., 2014; Thajudeen, Madhrira, Bra-
camonte, & Cranmer, 2015).

b) Management: Once immune-related etiol-
ogy is confirmed, usually via biopsy, patients 
are treated with prednisone or equivalent, 
at a dose of 1 mg/kg (Izzedine et al., 2014). 
Immune-mediated toxicity may require tem-
porary or permanent discontinuation of the 
offending agent.
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c) Patient and family education
(1) Educate patients and families regarding 

the risks of nephrotoxicity with the spe-
cific antineoplastic/cytotoxic regimens.

(2) Provide patients with a list of warning 
signs and symptoms that necessitate 
contacting their provider.

(3) Educate patients and families regard-
ing the need for extra oral hydration 
while receiving nephrotoxic therapies.

(4) Provide patients with a list of drugs 
to avoid to decrease the risk of neph-
rotoxicity.
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CHAPTER 20

Altered Sexual and Reproductive 
Functioning

A. Alterations in sexual functioning
1. Overview: Sexuality is both a high priority and 

an unmet need for cancer survivors. Sexual 
dysfunction after cancer has consistently been 
reported and associated with poor quality of life 
among survivors (Sears, Robinson, & Walker, 
2018). Sexuality, and therefore sexual toxici-
ties, are a concern for individuals across the age 
spectrum, although most notably are reported 
among individuals younger than age 65 or those 
who reported being sexually active at the time 
of cancer diagnosis (Schover et al., 2014). Stud-
ies suggest that despite advances in knowledge 
about how cancer treatment affects both sexu-
ality and fertility, many individuals with cancer 
are not informed about these changes, result-
ing in unmet educational needs about poten-
tial options to restore sexual function (Schover 
et al., 2014). Further, interventions are primar-
ily focused on individuals with cancers affecting 
sexual or reproductive organs (Ussher, Perz, Gil-
bert, & Australian Cancer and Sexuality Study 
Team, 2015). Approximately 20% of men with 
treatment-related problems ever consult with a 
healthcare provider about them (Schover, 2016), 
and women tend to be asked about this less than 
men (Ben Charif et al., 2016).

2. Pathophysiology: Sexual dysfunction resulting 
from cancer treatment often is linked to nerve 
and blood vessel damage, as well as alterations 
in hormones associated with sexual function 
(Schover et al., 2014).
a) Women

(1) Premature ovarian failure resulting in 
loss of ovarian androgen and precursor 
sex hormones (estrogen, progesterone, 
and testosterone) (Bennett et al., 2016)

(2) Neurotoxic chemotherapy hypothe-
sized to damage genital sensory neu-
rons (Marchand & Bradford, 2017)

(3) Estrogen deprivation resulting from 
hormonal manipulation (Bennett et 
al., 2016)

b) Men
(1) Alterations in testosterone levels
(2) Chemotherapy that may be neurotoxic 

to erectile nerves and impact on penile 
blood supply causing erectile problems 
(Voznesensky, Annam, & Kreder, 2016)

(3) Pathophysiologically, erectile dysfunc-
tion is classified as vascular, neurogenic, 
endocrinologic, or psychogenic (Costa-
bile, 2000; Dean & Lue, 2005).
(a) Vascular: Associated with altera-

tions in penile blood flow or dam-
age to the pudendal or penile 
arteries

i. Veno-occlusive dysfunction 
also may occur, in which there 
is a failure of passive venous 
outflow obstructive mecha-
nism, resulting in the inabil-
ity of sinusoids to trap blood.

ii. Pelvic irradiation is a major 
cause, with erectile dysfunc-
tion occurring in 90% of 
patients receiving this treat-
ment, likely due to arterial 
sclerosis (Costabile, 2000).

(b) Neurogenic: Associated with any 
disease or dysfunction involving 
the brain, spinal cord, or cavern-
ous and pudendal nerves. Causes 
can include surgical (iatrogenic) 
damage and tumor impingement.

(c) Endocrinologic: Of or related to 
altered androgen (testosterone) 
levels. Testosterone enhances sex-
ual interest, increases frequency 
of sexual acts, contributes to the 
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development of secondary sex 
characteristics and sperm, and 
influences secretion of fluid from 
the prostate gland, seminal ves-
icles, and Cowper glands (Dean 
& Lue, 2005).

i. Testosterone production 
can be influenced by tumor 
growth or treatment contrib-
uting to hypogonadotropic 
hypogonadism.

ii. Treatment-related hyperpro-
lactinemia may suppress the 
production of testosterone.

iii. Pure hormonal-driven erec-
tile dysfunction is rare.

(d) Psychogenic
i. May result from anxiety, 

fatigue, or depression that 
often manifests as lack of 
interest in sexual activity or 
decline in arousability

ii. May be partner, perfor-
mance, or mood related

3. Incidence: Sexual dysfunction affects at least 50% 
of individuals (both men and women) treated 
for pelvic malignancies and more than 25% of 
individuals with other types of cancer (Schover 
et al., 2014). As more than 60% of all cancer sur-
vivors in the United States have been treated for 
pelvic or breast tumors, sexual toxicities are a 
potential concern for a significant population 
of individuals in cancer survivorship (American 
Cancer Society, 2016; Miller et al., 2016). Up to 
33% of childhood cancer survivors experience 
sexual problems, with women reporting sexual 
dysfunction at twice the rate of men (Bober et 
al., 2013). The probability of sexual dysfunction 
increases over time for young adults (Acquati 
et al., 2018).
a) In men with cancer, 30.9% are dissatisfied 

with sexual functioning (compared to 19.8% 
of healthy controls), and in women with can-
cer, 18.2% are dissatisfied, compared to 11.8% 
of healthy controls (Jackson, Wardle, Step-
toe, & Fisher, 2016).

b) Women: Incidence is 30%–100% across 
female survivors of diverse cancer types 
(Dizon, Suzin, & McIlvenna, 2014).

(1) Desire: Decrease in desire occurs in 
31%–56%, although this may be under-
reported (Rellini, Farmer, & Golden, 
2011).

(2) Dyspareunia: Among women with 
breast cancer, 56.5% of women being 

treated with aromatase inhibitors 
and 31.3% of those being treated 
with tamoxifen reported dyspareunia 
(Baumgart, Nilsson, Evers, Kallak, & 
Poromaa, 2013).

(3) Vaginal stenosis/obstruction: Inci-
dence is 1.2%–88% and is primarily 
linked to radiation therapy, but it also 
may result from graft-versus-host dis-
ease following hematopoietic stem cell 
transplantation, with an incidence of 
3%–15% (Falk & Dizon, 2013).

(4) Among young adult breast cancer sur-
vivors, 52% report sexual dysfunction 
(Acquati et al., 2018).

c) Men
(1) Erectile dysfunction

(a) Following radical prostatectomy, 
81% of men reported erectile dys-
function two years after surgery 
(Dadhich, Hockenberry, Kirby, & 
Lipshultz, 2017).

(b) Rates of erectile dysfunction in 
long-term survivorship (more than 
10 years) were 84%–95% (Resnick 
et al., 2013; Schover et al., 2014; 
Taylor et al., 2012).

(c) Less than 25% of men retain or 
recover former erection quality 
(Ussher et al., 2015).

(2) Genital shrinkage as a result of loss of 
erections is reported in half of men 
after radical prostatectomy (Carlsson 
et al., 2012).

(3) Loss of desire and ejaculation: Among 
testicular cancer survivors, 11% report 
loss of desire, and 51% report ejacula-
tion problems (Acquati et al., 2018).

4. Risk factors
a) General (DeSimone et al., 2014)

(1) Individuals with cancer with other 
chronic illness states, specifically hyper-
tension, endocrine disorders (both 
hypo- and hyperthyroidism), fatigue, 
and depression, are at an increased risk 
for sexual dysfunction.
(a) Diuretics and beta-blockers are 

associated with decreased libido 
and orgasm.

(b) Similarly, selective serotonin reup-
take inhibitors may inhibit sexual 
desire, arousal, and orgasm.

(2) Among young adults, those who were 
female, older, married or in a commit-
ted relationship, or treated with che-
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motherapy and those who reported 
comorbid psychological distress and 
lower social support had a higher prob-
ability of reporting sexual dysfunction 
(Acquati et al., 2018).

(3) Anticancer agents affecting sexual 
health: All of the following agents are 
used in various combinations; thus, the 
side effects may be cumulative.
(a) Alkylating agents (e.g., busulfan, 

cyclophosphamide, ifosfamide, 
nitrogen mustard) cause nausea 
and vomiting, which significantly 
decrease desire (Pinto, 2013).

(b) Antimetabolites (e.g., cladribine, 
cytarabine, hydroxyurea, meth-
otrexate) cause general malaise, 
mucositis, nausea, and vomiting 
(Pinto, 2013).

(c) Antitumor antibiotics (e.g., dau-
norubicin, doxorubicin, mitoxan-
trone) cause nausea, vomiting, and 
mucositis (Pinto, 2013).

(d) Plant alkaloids (e.g., vincristine) 
cause peripheral neuropathy, 
which may affect sensation in the 
hands and fingers.

(e) Immunotherapy agents: Many of 
these agents cause fatigue, flu-like 
symptoms, and changes to body 
image (Krebs, 2012).

(f) Targeted therapy agents: No evi-
dence exists regarding direct sex-
ual effects, but these agents cause 
fatigue, diarrhea, and rash with 
the potential to affect body image 
(Krebs, 2012).

b) Women
(1) Premature ovarian failure resulting 

from cancer treatment (Ford et al., 
2014)
(a) Risk for sexual dysfunction 

increases among women with 
permanent ovarian failure.

(b) Risk for permanent ovarian fail-
ure increases with age, particu-
larly in women older than age 35.

(2) Anticancer therapies
(a) Chemotherapy

i. Alkylating agents and higher 
cumulative doses of chemo-
therapy contribute to sexual 
dysfunction.

ii. Chemotherapy can cause 
hair loss, nausea, and vom-

iting that decrease sexual 
desire and frequency (Dizon 
et al., 2014).

iii. Agents also can cause direct 
toxicity to the pelvis and 
vagina (Dizon et al., 2014).

(b) Hormone therapy (see Chapter 7)
i. Aromatase inhibitors: Risk to 

sexual health is believed to be 
higher than that of estrogen 
receptor modulators (Dizon 
et al., 2014).

ii. Estrogen receptor mod-
ulators: Tamoxifen may 
cause venous congestion 
and a resulting lack of vag-
inal lubrication, although a 
causal relationship has not 
yet been demonstrated in 
the literature (DeSimone et 
al., 2014).

(c) Pelvic or anal irradiation
(d) Bilateral oophorectomy (for can-

cer treatment or prevention)
(e) Use of gonadotropin agonists or 

antagonists (however, sexual dys-
function may resolve when hor-
monal agents are discontinued)

(3) Systemic graft-versus-host disease, 
which can potentially make vaginal 
intercourse impossible because of 
severe tissue damage to the vulva and 
vagina

(4) Subjectively, women report that tired-
ness, general pain, body and appear-
ance changes, and feelings of unattrac-
tiveness contribute to changes in sexual 
frequency and activities (DeSimone et 
al., 2014; Ussher et al., 2015).

c) Men (Schover et al., 2014)
(1) Disease factors

(a) History of prostate cancer, includ-
ing men on active surveillance

(b) Hypogonadism
(2) Treatment factors

(a) Surgery for bladder or rectal can-
cer

(b) Chemotherapy plus radiation ther-
apy for anal cancer

(c) Prostatectomy (both radical and 
nerve sparing)

(d) Damage to pelvic nerves
(e) Pelvic or total body irradiation

(3) Multimodality treatment (chemother-
apy with radiation therapy) is more 
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likely to cause sexual problems (Cap-
ogrosso et al., 2016).

(4) Subjectively, men report that erectile 
dysfunction, surgery, and aging were 
the primary causes of changes in their 
sexual functioning (Ussher et al., 2015).

5. Clinical manifestations: Sexual dysfunction 
often is associated with fatigue, nausea, or incon-
tinence and can result in discontinuation of sex-
ual activity. Sexual dysfunction also may result in 
psychosocial sequelae, including depression, anx-
iety, relationship conflict, and loss of self-esteem 
(Schover et al., 2014).
a) General: Both men and women report 

decreases in sexual frequency and satisfac-
tion, as well as changes in sexual behaviors 
with decreased sexual engagement with part-
ners after cancer (Ussher et al., 2015).

b) Women (Marchand & Bradford, 2017; Scho-
ver et al., 2014)

(1) Most common manifestations
(a) Dyspareunia (painful intercourse)
(b) Vaginal dryness
(c) Low sexual desire

(2) Effects may also include difficulty with 
sexual self-image, arousal, feeling plea-
sure, or achieving orgasm during sex-
ual activity. Hair loss due to chemo-
therapy can contribute to negative 
body image, which in turn affects sex-
ual functioning.

(3) Chemotherapy-induced menopause: 
Symptoms of chemically induced 
menopause are dramatic and may be 
worse for women who are premeno-
pausal when diagnosed. Symptoms 
include the following (Farthmann et 
al., 2016):
(a) Menstrual cycle changes with even-

tual cessation
(b) Hot flashes, insomnia
(c) Vaginal or vulvar dryness
(d) Dyspareunia
(e) Weight gain

c) Men (Nelson, Scardino, Eastham, & Mulhall, 
2013; Ussher et al., 2015)

(1) Most common manifestations are loss 
of desire and erectile dysfunction.

(2) Additional possible manifestations
(a) Diminished genital size
(b) Changes in quality of and ability 

to achieve orgasm, pain associated 
with orgasm

(c) Absence of sexual dreams or fan-
tasies

(d) Feminization as a result of andro-
gen deprivation

6. Collaborative management: Management of 
treatment-related sexual dysfunction should 
involve an interprofessional approach, consist-
ing of both medical and psychosocial treatment 
options (Schover et al., 2014). This is important 
because sexual dysfunction emerges from phys-
iologic changes related to cancer and its treat-
ment and from the psychological sequelae of 
cancer, which can include negative body image 
and depression.
a) General recommendations (Schover et al., 

2014)
(1) Address sexual needs early in can-

cer treatment rather than trying to 
address sexual dysfunction after it has 
progressed.

(2) Obtain a prior history of sexual expe-
rience, including the cultural and reli-
gious attitudes and beliefs that may 
influence them (DeSimone et al., 2014).

(3) Focus on communication between 
patient and partner.

(4) Emphasize that sexual pleasure and 
intimacy can be found beyond pene-
trative intercourse.

(5) Identify coping mechanisms for the 
limitations of sex after cancer.

(6) Educate patients on the need for bar-
rier protection (Kelvin, Steed, & Jar-
rett, 2014).
(a) Patients are usually advised to use 

a barrier (condom or dental dam) 
for penetrative intercourse and 
oral sex to protect their partner 
from exposure to metabolites of 
chemotherapy.

(b) Barrier protection should be used 
on the day of and for a week after 
chemotherapy administration.

b) Women (Barbera et al., 2017)
(1) Assessment: In addition to physical 

examination, psychosocial assess-
ment should focus on changes in 
spontaneous versus receptive sex-
ual desire, barriers to sexual activ-
ity (e.g., pain), changes in relation-
ship adjustment (if applicable), and 
assessment of risk factors (Marchand 
& Bradford, 2017). Validated instru-
ments include the following (March-
and & Bradford, 2017):
(a) Female Sexual Function Index 

(Rosen et al., 2000)
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(b) Sexual Activity Questionnaire 
(Thirlaway, Fallowfield, & Cuz-
ick, 1996)

(c) Menopausal Sexual Interest Ques-
tionnaire (Rosen, Lobo, Block, 
Yang, & Zipfel, 2004)

(d) Patient-Reported Outcomes Mea-
surement Information System Sex-
ual Function and Satisfaction Mea-
sure (PROMIS SexFS) (Flynn et 
al., 2013)

(2) Psychosocial counseling is recom-
mended to improve desire, arousal, 
orgasm, intimacy in relationships, and 
body image. Couple-based interven-
tions have demonstrated efficacy in 
improving sexual functioning among 
individuals with partners.

(3) Sex therapy: Distinct from psychoso-
cial counseling, sex therapy may use 
a multimodal approach (e.g., educa-
tion, communication, sensate focus, 
mindfulness) to enhance sexual desire 
(Marchand & Bradford, 2017).

(4) Physical interventions
(a) Regular stimulation (e.g., mastur-

bation) can also help to improve 
sexual response.

(b) Physical exercise and/or pelvic 
floor exercises can be helpful.

(5) First-line choice for managing meno-
pausal symptoms should be nonhor-
monal.
(a) Four nonhormonal treatments 

appear to be beneficial manage-
ment of vasomotor symptoms 
(Drewe, Bucher, & Zahner, 2015).

i. Gabapentin/pregabalin
ii. Selective serotonin reuptake 

inhibitors
• Fluoxetine (Prozac®) and 

paroxetine (Paxil®) have 
been shown to increase 
the risk of recurrence of 
breast cancer in women 
taking tamoxifen (Drewe 
et al., 2015).

• Tamoxifen competes for 
the same metabolic path-
way as paroxetine and 
f luoxet ine; therefore, 
those agents should not 
be used in women receiv-
ing tamoxifen therapy for 
breast cancer.

iii. Venlafaxine/desvenlafaxine
iv. Black cohosh: A phytophar-

maceutical agent derived 
from a flowering perennial 
plant that has been shown to 
have mixed efficacy on meno-
pausal symptoms, including 
hot flashes.
• As with all herbal supple-

ments, use of black cohosh 
should be reviewed with a 
provider, as it may influ-
ence the metabolism and 
efficacy of various medi-
cations.

• Mixed evidence exists 
that suggests potential 
for inhibit ion of the 
drug-metabolizing enzyme 
CYP3A4, as well as potenti-
ating effects when used in 
combination with tamoxi-
fen, 5-fluorouracil, pacli-
taxel, doxorubicin, and 
docetaxel in patients with 
breast cancer (Antoine, 
Liebens, Carly, Pastijn, & 
Rozenberg, 2007).

(6) Hormone therapies: The decision to 
use hormonal treatment in women with 
hormone-dependent cancer should be 
made in conjunction with oncolo-
gist and detailed discussion with the 
patient (American Cancer Society,  
2016).
(a) Local estrogen therapy for vagi-

nal atrophy
i. The use of vaginal estrogen 

creams, pessaries, or rings 
can significantly reduce vul-
vovaginal dryness (Pfeiler et 
al., 2011). Estriol is the pre-
ferred form of local estro-
gen (Lammerink, de Bock, 
Schröder, & Mourits, 2012).

ii. Annual estradiol exposure in 
women using local estradiol 
tablets (10 mcg) is 1.14 mg 
(Simon & Maamari, 2013).

iii. Local estrogen use did not 
increase risk of recurrence 
in women with breast cancer 
on adjuvant tamoxifen (Le 
Ray, Dell’Aniello, Bonnetain, 
Azoulay, & Suissa, 2012).
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iv. The safety of local estro-
gen for women on aroma-
tase inhibitors is not yet 
established (Sulaica et al., 
2016).

v. Vaginal testosterone has 
shown efficacy in reduc-
ing vulvovaginal atrophy in 
women with breast cancer on 
aromatase inhibitors (With-
erby et al., 2011).

(b) Systemic therapy: Three to five 
years of hormone therapy may be 
considered in patients with non-
hormonal cancers if menopausal 
symptoms are refractory to other 
treatments. The woman’s quality 
of life should be considered in the 
decision (Biglia, Bounous, Sgro, 
D’Alonzo, & Gallo, 2015).

(7) Other therapeutic agents—available as 
gels, creams, and suppositories (Bar-
bera et al., 2017; Marchand & Brad-
ford, 2017)
(a) Vaginal moisturizers and lubri-

cants: Moisturizers can be used 
for daily comfort; lubricants can 
be used during intercourse.

(b) Topical anesthetics may also be 
used to reduce pain during inter-
course.

(c) Topical steroids can be used to 
treat graft-versus-host disease.

(d) Additional agents include poly-
carbophil gel, hyaluronic acid, 
and olive oil.

(8) Vaginal dilators may be beneficial in 
the presence of vaginismus or vaginal 
stenosis, particularly among women 
who received radiation treatment for 
cervical cancer.

c) Men
(1) Assessment should be conducted at 

each visit and include examination 
of genital appearance, testing of tes-
tosterone levels, and prostate exami-
nation, if appropriate (Marchand & 
Bradford, 2017).
(a) The International Index of Erec-

tile Function may be used to 
quickly assess erectile dysfunc-
tion concerns; however, it focuses 
on penile-vaginal intercourse and 
may not be appropriate to assess 
erectile dysfunction in men who 

have sex with men (Marchand & 
Bradford, 2017).

(b) The PROMIS SexFS (Flynn et 
al., 2013)

(2) Care coordination (Schover, 2016; 
Schover et al., 2014)
(a) Coordinate interprofessional 

referrals, including urology and 
sex therapy.

(b) Ensure that female partners 
receive care for postmenopausal 
sexual dysfunction.

(c) Psychosocial counseling is rec-
ommended to improve desire, 
arousal, orgasm, intimacy, and 
relationships (Barbera et al., 
2017).

(3) Treatment options for erectile dys-
function
(a) Phosphodiesterase type 5 (PDE5) 

inhibitors : PDE5 inhibitors, 
including sildenafil (Viagra®), 
tadalafil (Cialis®), and vardenafil 
(Levitra®), are a drug class that 
has demonstrated efficacy in sup-
porting erectile function follow-
ing nerve-sparing radical prosta-
tectomy (Limoncin et al., 2017). 
This drug class increases perfu-
sion to the blood vessels of the 
corpus cavernosum of the penis 
by blocking the degradative action 
of cyclic granulocyte-macrophage 
inhibitor–specific PDE5 in smooth 
muscle cells. They are contrain-
dicated with the use of nitrates 
(Deng et al., 2017).

(b) Vacuum erection devices: Devices 
consist of a closed-ended clear plas-
tic cylinder and a vacuum pump 
and can be hand or battery oper-
ated; they use negative pressure to 
increase blood flow to the penis 
through distension of the corpo-
real sinusoids (Hoyland, Vasdev, 
& Adshead, 2013).

i. Advantages: Easy to use, non-
invasive, quick response with 
an average time to erection 
of two to three minutes, can 
be incorporated into fore-
play (Hoyland et al., 2013)

ii. Disadvantages: Potential for 
pivoting of penis because 
of instability at base due to 
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constriction ring, inability 
to ejaculate due to urethral 
constriction (12%–30%), 
petechiae (25%–39%), pain 
due to suction and constric-
tion (Hoyland et al., 2013)

iii. Contraindicated with coag-
ulation abnormalities and 
sickle cell disease

iv. May be used in combination 
with PDE5 inhibitors (Deng 
et al., 2017)

(c) Prostaglandin injection/suppos-
itory: Prostaglandin E1 is a nat-
urally occurring prostaglandin 
that can be administered by sup-
pository or intracavernosal injec-
tion to induce vasodilation and 
expansion of the corpora spon-
giosum, causing rapid arterial 
inflow that supports the achieve-
ment of erection (Hakky et al., 
2014).

i. Typically used as second-line 
therapy in patients in whom 
PDE5 inhibitor therapy was 
not successful

ii. Intracavernosal injection is 
most effective when adminis-
tered within three months of 
nerve-sparing radical pros-
tatectomy.

iii. May use suppositories alone 
or in combination with a 
vacuum erection device or 
PDE5 inhibitor; have dem-
onstrated increased efficacy 
when used in combination

(d) Penile prosthet ic implants : 
Implants are surgically implanted 
devices that may be noninflatable, 
semirigid, or inflatable, allow-
ing for erection through manual 
manipulation or pump-facilitated 
inflation.

i. Advantages: Some studies 
suggest higher scores on 
measures of erectile func-
tion with implanted inflat-
able prosthetics compared 
to medical management 
(Dadhich et al., 2017).

ii. Disadvantages: Invasive pro-
cedure; rare complications 
including bladder injury, 

reservoir hernia, and res-
ervoir erosion (Dadhich et 
al., 2017)

iii. Minimally used, with less 
than 1% of patients report-
ing progression to prosthesis 
placement after cancer treat-
ment (Dadhich et al., 2017)

(e) Other treatment modalities (Bar-
bera et al., 2017)

i. Venlafaxine, medroxypro-
gesterone acetate, cyprot-
erone acetate, or gabapen-
tin may be used to improve 
vasomotor symptoms.

ii. Some studies have suggested 
acupuncture may also be 
used to treat these symptoms.

d) Assessment tools: A number of models are 
helpful in communicating with patients about 
sexuality. The most frequently used model is 
the PLISSIT model (Annon, 1976). A more 
recent model specifically designed for the 
oncology population is the BETTER model 
(Mick, Hughes, & Cohen, 2004), and the 5 
A’s model (Bober & Varela, 2012) is increas-
ingly being used in clinical practice.

(1) PLISSIT model (Annon, 1976)
(a) The first level in this model 

involves giving the patient or cli-
ent permission to talk about sex-
ual issues.

(b) The second level, limited informa-
tion, refers to factual information 
given to the patient in response to 
a question or observation.

(c) The third level involves making 
a specific suggestion to the client 
or patient.

(d) The fourth level refers to intensive 
therapy needed for severe or more 
long-standing sexual problems or 
referral to a specialist, such as a 
urologist or gynecologist.

(2) BETTER model (Mick et al., 2004)
(a) The first level of intervention 

involves bringing up the topic.
(b) The second level involves explain-

ing that sexuality is part of quality 
of life and that patients can talk 
about this with the nurse.

(c) Care providers should then 
tell patients that appropriate 
resources will be found to address 
their concerns.



494

(d) Care providers should state that 
while the timing may not be appro-
priate now, patients can ask for 
information at any time.

(e) Patients should be educated about 
the sexual side effects of their 
treatment.

(f) Finally, a record should be made in 
the patient’s medical record stat-
ing that this topic has been dis-
cussed.

(3) The 5 A’s model (Bober & Varela, 2012)
(a) Ask about changes to sexuality or 

sexual functioning.
(b) Assess the severity and frequency 

of any issues raised in response to 
the initial question.

(c) Advise the patient that help can be 
found and that sexual changes are 
common after treatment.

(d) Assist the patient by providing 
resources and referrals as nec-
essary.

(e) Arrange for follow-up and ask 
about resolution of problems.

7. Patient and partner education
a) Education and counseling should begin early 

to promote effective rehabilitation and to 
limit sexual inactivity (Schover, 2016).

(1) Encourage affected individuals to com-
municate openly about sex with their 
partner.

(2) Internet-based resources are recom-
mended as self-help tools that affected 
individuals and their partners can use 
in the privacy of their home.

(3) Encourage patients and their partners 
to explore ways of expressing affection 
in the context of sexual dysfunction.

(4) Encourage individuals or couples to 
view sexual activity as a chance to 
explore variety and fantasy rather 
than as a performance that needs to 
be done correctly.

b) Social support has a protective effect related 
to sexual dysfunction for young adults 
(Acquati et al., 2018); therefore, social con-
nectivity should be emphasized to and sup-
ported for young adults during and follow-
ing cancer treatment.

B. Alterations in reproductive functioning
1. Overview: Although they affect a small percent-

age of all patients with cancer and survivors, 
reproductive problems are among the most dis-

tressing treatment sequelae for individuals of 
childbearing age (Schover et al., 2014). Despite 
this, information about fertility preservation may 
be underreported to patients, and fertility pres-
ervation resources underutilized (Schover et al., 
2014). Alterations in reproductive functioning 
may result from specific cancers but are more 
often attributed to cancer treatments (Schover 
et al., 2014).
a) Attention to fertility concerns was cited as an 

unmet need in 93% of adolescent and young 
adult survivors (Wong et al., 2017).

b) Uncertainty about fertility status is common 
in young adult cancer survivors (Benedict, 
Shuk, & Ford, 2016).

c) Lack of fertility counseling is common and 
is associated with regret (Chan et al., 2017).

2. Pathophysiology
a) Women: Chemotherapy causes effects such as 

damage to ovarian follicles, decreased ovar-
ian volume, and decreased ovarian reserve.

b) Men: Damage to gonadal tissue results in 
reduced or absent (azoospermia) sperm 
production; damage can occur to germinal 
stem cells in the testes (Tournaye, Dohle, & 
Barratt, 2014).

3. Incidence
a) Women: Rates of chemotherapy-induced 

amenorrhea increase with age (Zavos & Vala-
chis, 2016).

(1) Women younger than age 35: 26%
(2) Women aged 35–40 years: 39%
(3) Women older than age 40: 77%

b) Men: Infertility is dependent on the chemo-
therapy regimen and other therapies such as 
total body irradiation or orchiectomy in tes-
ticular cancer. Azoospermia rates range from 
10% with newer, less toxic regimens to 100% 
with older, more toxic regimens (Kort, Eisen-
berg, Millheiser, & Westphal, 2014).

4. Risk factors
a) Disease-related risk factors

(1) Women: Individuals with ovarian can-
cer and hormone-sensitive breast can-
cer may have increased risk for child-
lessness; in addition, those with BRCA1 
mutations may have increased risk for 
early menopause (Schover et al., 2014).

(2) Men: Individuals with testicular can-
cer may have poorer sperm quality and 
genetic viability (Bujan et al., 2013).

b) Treatment-related risk factors
(1) Combination therapy: The addition 

of radiation to the treatment regimen 
significantly increases the risk of per-



Chapter 20. Altered Sexual and Reproductive Functioning 495

manent infertility (Kort et al., 2014; 
Vakalopoulos, Dimou, Anagnostou, & 
Zeginiadou, 2015).

(2) Alkylating agents pose the highest risk 
for infertility in both men and women 
related to damage to reproductive cells 
that increases with higher cumulative 
doses of these agents (Gracia et al., 
2012; Meistrich, 2013).
(a) Women: Procarbazine and the 

CMF (cyclophosphamide, meth-
otrexate, 5-f luorouracil) regi-
men are associated with increased 
risk of infertility (Overbeek et al., 
2017).

(b) Men: Alkylating agents and plat-
inum analogs are gonadotoxic, 
and the risk to spermatogenesis 
increases with combination ther-
apy (Vakalopoulos et al., 2015).

i. Cyclophosphamide, ifos-
famide, and procarbazine 
are gonadotoxic and are 
associated with azoospermia 
(Moss, Keeter, Brannigan, & 
Kim, 2016).

ii. Studies among pediatric 
patients receiving cyclophos-
phamide suggest a dose less 
than 4,000 mg/m2 is associ-
ated with a lower risk (Green 
et al., 2014).

iii. Antimetabolites can cause 
temporary reduction in 
sperm count (Vakalopoulos 
et al., 2015).

(3) Age
(a) Older age increases the risk for 

infertility in both men and women.
(b) Chemotherapy accelerates repro-

ductive aging in childhood can-
cer survivors (Anderson & Wal-
lace, 2016).

5. Clinical manifestations
a) Women: Psychosocial effects

(1) Women with high levels of concern 
about fertility are more likely to expe-
rience depression (Gorman, Su, Rob-
erts, Dominick, & Malcarne, 2015).

(2) Women are also concerned about the 
effects of cancer treatment on the 
health of future offspring (Benedict, 
Thom, et al., 2016).

(3) Women who receive fertility preser-
vation counseling experience less 

long-term regret, better physical qual-
ity of life, and improved coping (Desh-
pande, Braun, & Meyer, 2015).

b) Men
(1) Oligozoospermia: Semen with a low 

concentration of sperm occurs in 
approximately 50% of men before 
treatment begins (Giwercman, 2017).

(2) Azoospermia: Absence of sperm in ejac-
ulate occurs in 3%–18% of men at diag-
nosis (Berookhim & Mulhall, 2014).
(a) Recovery of spermatogenesis is 

typically observed within two to 
five years after chemotherapy, after 
which 8% of men remain azoosper-
mic, with prolonged azoospermia 
occurring in up to 65% of individu-
als receiving greater than 600 mg/
m2 of cisplatin (Giwercman, 2017).

(b) Among male survivors of child-
hood cancer, approximately 20% 
present with azoospermia, with 
incidence ranging from 15% in 
individuals treated with chemo-
therapy alone versus 33% among 
those treated with chemotherapy 
plus radiation (Giwercman, 2017).

6. Collaborative management: Patients interested 
in exploring fertility preservation options should 
be referred to a reproductive specialist (Loren 
et al., 2013). In addition, referral to a psycholo-
gist may be appropriate for patients expressing 
distress related to potential or actual infertility.
a) Women

(1) Oocyte and embryo cryopreservation 
techniques are established methods.

(2) Cryopreservation requires 8–14 days 
for ovarian stimulation (Levine, Kel-
vin, Quinn, & Gracia, 2015).

(3) Limited data are available on the safety 
of ovarian stimulation in women with 
cancer (Levine et al., 2015).

(4) Ovarian cortex or immature oocyte 
cryopreservation is regarded as exper-
imental (De Vos, Smitz, & Woodruff, 
2014).

(5) Controversy exists about the use of 
gonadotropin-releasing hormone ana-
logs to protect the ovaries from dam-
age (Oktay & Bedoschi, 2016).

(6) Ovarian suppression is not likely to be 
of benefit despite support for this strat-
egy and apparent safety (Demeestere 
et al., 2016; Hickman, Valentine, & Fal-
cone, 2016; Kim, Turan, & Oktay, 2016).
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(7) The return of menstrual periods does 
not necessarily indicate good ovarian 
function, and, in turn, lack of menstru-
ation does not mean that ovarian func-
tion has ceased.

b) Men
(1) Sperm cryopreservation before treat-

ment is highly effective, as sperm 
remain viable after freezing and can 
be used to fertilize ovum.

(2) Ideally, semen samples should be col-
lected 48 hours apart (Tournaye et 
al., 2014).

(3) Electroejaculation can be used in peri-
pubertal males who are embarrassed 
or unable to produce a semen sample. 
This requires general anesthesia but 
can be done at the time of another sur-
gical procedure, such as bone marrow 
aspiration (Romao & Lorenzo, 2017).

(4) Cryopreservation of testicular tissue 
is an experimental procedure that 
may offer hope to prepubertal boys 
(Wise, 2016).

7. Patient and family education
a) Decisions about treatments that affect fertil-

ity must be made when the patient is trying 
to cope with the diagnosis of cancer; priori-
ties may change over time. It is important to 
educate patients honestly and directly, as they 
may assume that modern reproductive tech-
nologies will result in a future pregnancy. A 
strong desire to be a biological parent moti-
vates some patients to attempt to preserve 
fertility (Hershberger, Sipsma, Finnegan, 
& Hirshfeld-Cytron, 2016; Shnorhavorian 
et al., 2015).

b) Educate patients and caregivers about chal-
lenges to fertility preservation, which include 
the following (Flink, Sheeder, & Konda-
palli, 2017):

(1) Urgency to start treatment
(2) Inadequate information
(3) Cost
(4) Sociodemographic factors (e.g., race, 

relationship status)
c) Parents of a child with cancer may have to 

make decisions about treatment for their 
child and may not be capable of discuss-
ing sperm banking or ovarian preservation 
with their child or healthcare providers, 
as their priority is to save the life of their 
child (Li, Jayasinghe, Kemertzis, Moore, & 
Peate, 2017).

d) Discuss access to fertility services.

(1) An interprofessional approach is 
regarded as optimal to address the 
complex ethical and psychological 
issues. Nurses who have longitudinal 
relationships with patients are vital to 
ensuring that information is provided 
to patients (Quinn et al., 2016). 

(2) Identify barriers to fertility services.
(a) Disparity in access to fertility ser-

vices is related to age (older than 
35), previous children, ethnicity, 
and sexual orientation (Letour-
neau et al., 2012).

(b) Age-appropriate information 
and services are an unmet need 
for adolescents and young adults 
with cancer, as is fertility-related 
follow-up after the completion of 
treatment (Bibby, White, Thomp-
son, & Anazodo, 2017).

(c) Referrals for sperm banking 
remain low—29% of young 
men reported receiving counsel-
ing, and 11% attempted sperm 
banking (Grover, Deal, Wood, & 
Mersereau, 2016).

(d) Women are less likely to receive 
counseling about fertility preser-
vation (Quinn et al., 2015).

(e) Information provided after treat-
ment is over leaves patients living 
with the consequences and strug-
gling to find out what they can do 
(Giles, 2017).

e) General education (Loren et al., 2013)
(1) Address the risk of infertility as well 

as fertility preservation options with 
patients as part of informed consent 
before cancer therapy. Sperm and 
embryo cryopreservation are well estab-
lished as the standard of care.

(2) Encourage patients to participate in 
registries and clinical trials related to 
fertility preservation.

(3) Provide information about the time-
line for fertility preservation and how 
it may affect treatment.

(4) Advise patients of the potential tox-
icity to reproductive material or the 
loss of opportunity to preserve repro-
ductive material after the start of che-
motherapy.

(5) Engage both patients and their caregiv-
ers (if the patient is underage) in dis-
cussions of cryopreservation options.
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CHAPTER 21

Cutaneous Toxicities and Alopecia

A. Cutaneous toxicity
1. Overview: For years, the cutaneous side effects 

from conventional cytotoxic chemotherapy 
agents have been observed and described in 
detail. More recently, the emergence of targeted 
therapy and immunotherapy agents has widened 
the spectrum of cutaneous adverse effects seen 
in patients with cancer (Shi, Levy, & Choi, 2016; 
Sibaud et al., 2016). As the number of agents 
and uses for targeted therapy and immunother-
apy agents increases, so does the need to recog-
nize and treat the dermatologic side effects of 
these agents (Shi et al., 2016). See Table 21-1 for 
cutaneous reactions and management of toxic-
ities from chemotherapy, targeted therapy, and 
immunotherapy agents.

2. Pathophysiology, incidence, risk factors, and clin-
ical manifestations
a) Chemotherapy

(1) Numerous cutaneous side effects have 
been reported from traditional che-
motherapy drugs, including cyta-
rabine, anthracyclines (including 
doxorubicin), 5-fluorouracil (5-FU), 
capecitabine (5-FU prodrug), tax-
anes (including docetaxel), and meth-
otrexate.
(a) Reports include clinical and his-

tologic findings that have signifi-
cant overlap. Cutaneous adverse 
events from chemotherapy can 
affect the skin, hair, nails, and 
mucosa.

(b) Cutaneous side effects from che-
motherapy occur due to disrup-
tions in the cell cycle phases. The 
specific phase in which the dis-
ruption occurs will cause a spe-
cific type of cutaneous reaction 
(Reyes-Habito & Roh, 2014a).

i. Alkylating agents, such as 
cyclophosphamide, cause 
damage in all phases of the 

cell cycle and tend to cause 
hyperpigmentation.

ii. Antimetabolites, such as 
gemcitabine, damage cells 
in the S phase and cause a 
range of cutaneous effects, 
such as maculopapular rash, 
hand-foot syndrome, and 
hyperpigmentation.

iii. Antitumor antibiotic agents, 
such as doxorubicin, cause 
damage in all phases of the 
cell cycle and lead to reac-
tions such as hand-foot syn-
drome and follicular rash.

iv. Mitotic inhibitors, which 
include the taxanes and 
vinca alkaloids, cause dam-
age in the M phase of the cell 
cycle. Cutaneous reactions 
that occur from these agents 
include hand-foot syndrome, 
nail changes, and erythema 
multiforme.

v. Topoisomerase inhibitors, 
such as topotecan and etopo-
side, affect the cell cycle dur-
ing the S or G2 phase. Cutane-
ous reactions seen with these 
agents include hand-foot 
syndrome and paronychia 
(Reyes-Habito & Roh, 2014a).

(2) The clinically descriptive term toxic ery-
thema of chemotherapy (TEC) has been 
introduced as an easily understood 
clinical name for numerous entities 
(Shi et al., 2016).
(a) Clinical findings of TEC include 

areas of erythema that may be 
accompanied by edema, most 
often involving the hands, feet, 
and intertriginous zones, such as 
the axillae and inguinal folds. Less 
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Table 21-1. Cutaneous Reactions to Antineoplastic Agents

Cutaneous 
Reaction General Comments Chemotherapy Targeted Therapy Immunotherapy

Hair changes: 
Alopecia, hir
sutism, hyper
trichosis

A number of chemotherapy drugs can 
cause hair changes and hair loss. 
Dose, route of administration, com
bination of drugs, and other indi
vidual characteristics will influence 
occurrence as well as degree of 
hair loss.

Hair changes may occur 2–3 months 
after initiation of EGFRI therapy, 
with hair thinning and developing a 
dry, brittle, or curly texture.

Hirsutism is characterized by excess 
hair growth in women in anatomic 
sites where growth is typically a 
male characteristic (beard, mus
tache, hair on chest and abdomen).

Hypertrichosis is characterized by 
hair density or length beyond the 
accepted limits of normal in a partic
ular body region or a particular age 
or race.

Hair changes: Bexaro
tene, carboplatin, cis
platin, cyclophospha
mide, dactinomycin, 
doxorubicin, etoposide, 
hexamethylmelamine, 
ifosfamide, paclitaxel, 
vincristine

Alopecia: Bleomy
cin, carboplatin, cis
platin, cyclophos
phamide, cytarabine, 
dacarbazine, dactin
omycin, daunorubi
cin, docetaxel, doxo
rubicin, epirubicin, eri
bulin, etoposide, 5FU, 
hydroxyurea, ifos
famide, ixabepilone, 
methotrexate, pacli
taxel

Alopecia: Axitinib, dab
rafenib, dasatinib, 
eribulin, erlotinib, gefi
tinib, lapatinib, nilo
tinib, pazopanib, 
pegylated IFN alfa
2b, sorafenib, vemu
rafenib

Alopecia, hirsutism, and 
hypertrichosis: Evero
limus

Hair color changes and 
alopecia: Cabozan
tinib, pazopanib, suni
tinib

Hair color changes: 
Imatinib

Cetuximab, panitu
mumab

Trichomegaly Increased hair growth of the eye
lashes and eyebrows is rare but can 
occur.

Trichomegaly is associated with 
patient discomfort and can lead to 
corneal abrasions and further ocular 
complications. Ocular changes may 
occur within 1–2 weeks of treat
ment.

Trichomegaly can be treated with lash 
clipping every 2–4 weeks. Referral 
to an ophthalmologist is indicated 
for patients with irritation or persis
tent discomfort. Topical eflornithine 
cream has been well tolerated.

Gemcitabine Erlotinib, gefitinib, IFN 
alfa2b

Cetuximab, panitu
mumab

Paronychia Paronychia is characterized by tender, 
edematous, often purulent inflam
mation of the nail fold. Fingernails 
and toenails may be affected, with 
the first digits the most commonly 
affected.

It often is delayed, developing 4–8 
weeks after the start of therapy and 
occurring in 10%–15% of patients.

Encourage preventive measures, 
such as keeping hands dry and out 
of water if possible, wearing gloves 
while cleaning (e.g., household, 
dishes), avoiding friction and pres
sure on the nail fold or manipulation 
of the nail, and wearing comfort
able shoes.

Treatment includes topical steroids 
with antiseptic soaks to prevent 
infections.

Bleomycin, cyclophos
phamide, docetaxel, 
doxorubicin, hydroxy
urea, methotrexate 

Afatinib, erlotinib, gefi
tinib, lapatinib

Cetuximab, necitu
mumab, panitu
mumab

(Continued on next page)
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Table 21-1. Cutaneous Reactions to Antineoplastic Agents (Continued)

Cutaneous 
Reaction General Comments Chemotherapy Targeted Therapy Immunotherapy

Nail changes – Cyclophospha
mide, daunorubicin, 
docetaxel, doxorubicin, 
ifosfamide

Gefitinib, osimertinib, 
sorafenib, sunitinib, 
temsirolimus

Cetuximab, panitu
mumab

Nail shedding 
(onycholysis)

Loss of all or a portion of the nail Bleomycin, 
capecitabine, cispla
tin, cyclophosphamide, 
docetaxel, doxorubicin, 
etoposide, hydroxy
urea, ixabepilone, mel
phalan, mitoxantrone, 
topical 5FU, vinblas
tine, vincristine, weekly 
paclitaxel administra
tion

Everolimus –

Dystrophy Dystrophy is a transverse midline lin
ear groove in the nail plate.

Bleomycin, hydroxyurea Dystrophy and nail 
changes are common 
with EGFRIs.

–

Beau lines Beau lines are transverse ridges 
across the nail plate. These find
ings are benign, dose related, and 
resolve with cessation of chemo
therapy.

Bleomycin, cisplatin, 
docetaxel (taxanes), 
doxorubicin, mel
phalan, vincristine; 
capecitabine, hydroxy
urea 

Beau lines and nail 
changes are common 
with EGFRIs.

–

Hyperpigmen
tation 

Hyperpigmentation is the darkening 
of an area of skin or nails caused by 
increased melanin.

Cutaneous hyperpigmentation associ
ated with chemotherapy can present 
in localized or generalized patterns 
affecting the skin, teeth, or nails.

Patients should avoid sun exposure 
or use effective sun barrier prepara
tions to minimize the risk of hyper
pigmentation. Sun exposure aggra
vates hyperpigmentation.

It occurs most commonly in people of 
Mediterranean descent.

Darkening may occur within 2–3 
weeks of chemotherapy or immuno
therapy and persist for months fol
lowing the completion of therapy.

Postinflammatory hyperpigmentation 
is seen following acneform eruption 
or other causes of skin inflamma
tion such as eczema or an inflamed 
sebaceous cyst.

No treatment or prevention methods 
exist, but these changes will usually 
resolve within months after cessa
tion of therapy.

Bleomycin, busulfan, 
capecitabine, carbo
platin, cisplatin, cyclo
phosphamide, dacar
bazine, dactinomy
cin, daunorubicin, 
docetaxel, doxorubi
cin, etoposide, 5FU, 
hydroxyurea, idarubi
cin, ifosfamide, mel
phalan, methotrexate, 
mitomycin C, mitoxan
trone, nitrogen mus
tard, nitrosoureas, 
oxaliplatin, paclitaxel, 
prednisolone, 6mer
captopurine, thiotepa, 
vincristine

Flagellate streaks 
of hyperpigmenta
tion caused by nails 
scratching the skin 
have been reported 
with parenteral and 
intrapleural administra
tion of bleomycin.

Imatinib, sunitinib –

(Continued on next page)
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Table 21-1. Cutaneous Reactions to Antineoplastic Agents (Continued)

Cutaneous 
Reaction General Comments Chemotherapy Targeted Therapy Immunotherapy

Rash Manifestation of monoclonal anti
body–induced skin rash: Rash 
appears to be dose related and 
generally evolves within 2–3 weeks 
of the start of treatment.

Tyrosine kinase inhibitors can cause 
a dosedependent maculopapular 
rash that usually affects the trunk 
and forearms.

Asparaginase, benda
mustine HCI, carbopl
atin, cladribine, cyclo
phosphamide, cyta
rabine, dacarbazine, 
docetaxel, 5FU, fluda
rabine, gemcitabine, 
hydroxyurea, ifos
famide, lomustine, 
methotrexate, pacli
taxel, pemetrexed, pra
latrexate, vinblastine, 
vincristine

Cytarabine can cause 
skin peeling.

Afatinib, axitinib, bort
ezomib, crizotinib, 
dabrafenib, dasatinib, 
eltrombopag, erlotinib, 
everolimus, gefitinib, 
imatinib, lapatinib, 
nilotinib, pazopanib, 
romidepsin, sorafenib, 
sunitinib, trametinib, 
vandetanib, vemu
rafenib

Atezolizumab, 
cetuximab, deno
sumab, ipilim
umab, lenalid
omide, neci
tumumab, 
nivolumab, ofa
tumumab, pani
tumumab, 
pegylated IFN 
alfa2b, pembro
lizumab, pertu
zumab, ramuci
rumab, trastu
zumab

Acneform 
eruptions or 
papulopustu
lar rash

EGFRImediated rashes generally 
follow a wellcharacterized clini
cal course. Within the first week of 
treatment, patients experience sen
sory disturbance with erythema and 
edema; from weeks 1–3, the pap
ulopustular eruption manifests, 
followed by crusting at week 4. 
Despite successful treatment, ery
thema and dry skin may persist in 
the areas previously affected by 
skin rash through weeks 4–6.

It generally presents as a diffuse ery
thema over the face and body, pro
gressing to follicular papules and 
pustules resembling acne.

Causative chemotherapy agents 
should be discontinued. Causative 
EGFRIs may not need to be discon
tinued.

The disorder is characterized by an 
eruption consisting of papules (a 
small, raised pimple) and pustules 
(a small pusfilled blister), typically 
appearing on the face, scalp, and 
upper chest and back. Unlike acne, 
this rash does not present with 
whiteheads or blackheads and can 
be symptomatic, with itchy or ten
der lesions.

See text for grading and management 
of papulopustular rash.

– Dabrafenib, erlotinib, 
everolimus, gefitinib, 
lapatinib, temsiroli
mus, trametinib, van
detanib 

Cetuximab, panitu
mumab

(Continued on next page)
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Table 21-1. Cutaneous Reactions to Antineoplastic Agents (Continued)

Cutaneous 
Reaction General Comments Chemotherapy Targeted Therapy Immunotherapy

Erythema mul
tiforme 

Condition generally presents as a 
maculopapular erythematous lesion 
that may progress to vesicles and 
also can progress to StevensJohn
son syndrome and toxic epidermal 
necrolysis.

Record description, presentation, and 
severity (use a grading scale). Con
sult with physician regarding pos
sible etiology. Consider discontinu
ing offending chemotherapy agent. 
Causative EGFRIs may not need to 
be discontinued.

Examine areas of tissue breakdown, 
and attend to comfort measures 
with skin care and pain manage
ment strategies (see guidelines in 
text).

Infrequently associ
ated with chemother
apy. Highdose com
bination chemother
apy produces high
est risk. Character
ized by lesions over 
the extremities and 
often involving mucous 
membranes. Bleomy
cin, busulfan, cyta
rabine, etoposide, 
hydroxyurea, metho
trexate, and procar
bazine are associated 
with these lesions, 
which sometimes 
progress to general
ized blistering.

Amifostine, cladribine, 
cyclophosphamide, 
daunorubicin, doxoru
bicin, docetaxel, 5FU, 
ifosfamide, mechlor
ethamine, mitomycin 
C, mitotane, paclitaxel, 
vinblastine

Hormone therapy: 
Tamoxifen

Gefitinib, vemurafenib Bexarotene

Skin blistering – 5FU, vinblastine – IL2

Xerosis Xerosis is abnormal dryness of the 
skin, mucous membranes, or con
junctiva.

Treatment of mild or moderate xero
sis consists of thick moisturizing 
creams without fragrances or poten
tial irritants. Moisturizers should be 
occlusive, emollient creams that 
are generally packaged in a jar or 
tub rather than a lotion that can be 
pumped or poured. Specific creams 
can include urea, colloidal oatmeal, 
and petroleumbased creams.

For scaly areas of xerosis, ammonium 
lactate or lactic acid creams can be 
used. Greasy creams may be used 
on the limbs for better control of xero
sis but should be used with caution 
on the face, chest, and extremely 
hairy sites because of the risk for fol
liculitis secondary to occlusion.

For more severe xerosis causing 
inflammation with or without eczema, 
topical steroid creams may be nec
essary. Topical retinoids and benzoyl 
peroxide gels are not recommended 
because of their drying effect. 

– Afatinib, axitinib, cabo
zantinib, dasatinib, 
erlotinib, everolimus, 
gefitinib, imatinib, 
lapatinib, nilotinib, 
osimertinib, pazo
panib, pegylated IFN 
alfa2b, regorafenib, 
sorafenib, sunitinib, 
temsirolimus, tra
metinib, trametinib, 
vandetanib, vemu
rafenib, vorinostat

Alemtuzumab, bex
arotene, cetux
imab, necitu
mumab, panitu
mumab

(Continued on next page)
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Table 21-1. Cutaneous Reactions to Antineoplastic Agents (Continued)

Cutaneous 
Reaction General Comments Chemotherapy Targeted Therapy Immunotherapy

Painful fis
sures 

Skin fissures and deep cracks in the 
skin can form as a result of signifi
cant xerosis and often occur in the 
fingertips, palms or knuckles, and 
the soles. Fissures are a late side 
effect of EGFRI therapy, occurring 
around 30–60 days into therapy. 
They can be very painful and create 
risk for infection.

Cyanoacrylate glue (liquid bandage 
formulations) may be helpful in pro
tecting the fissures.

Treat topically with propylene glycol 
50% in water for 30 minutes under 
plastic occlusion every night, fol
lowed by application of hydrocolloid 
dressing, antiseptic baths, or topical 
application of silver nitrate.

For painful fissures on toes, use pro
tective footwear and a topical corti
costeroid, thick moisturizer, or bar
rier cream (e.g., petroleum jelly, zinc 
oxide).

– EGFRI therapy can lead 
to painful fissures.

Panitumumab

Telangiectasia Disorder is characterized by local 
dilation of small vessels resulting 
in red discoloration of the skin or 
mucous membranes.

Early during the development of 
acneform eruption or with subse
quent flares of the rash, scattered 
telangiectasia may appear on the 
face, on and behind the ears, and 
on the chest, back, and limbs, usu
ally in the vicinity of a follicular pus
tule. Unlike other telangiectasia, the 
lesions tend to fade over months, 
usually leaving some hyperpigmen
tation.

Telangiectasia caused by treatment 
with EGFRIs, unlike spontaneous 
telangiectasia, will gradually disap
pear over months. In select cases, 
electrocoagulation or pulsed dye 
laser therapy can be applied to 
accelerate disappearance.

Radiation may cause telangiectasia, 
which is thought to be related to the 
destruction of the capillary bed. It 
generally is considered a perma
nent change in the vessel. 

Topical carmustine and 
mechlorethamine 
(nitrogen mustard) 
cause vessel fragility 
and destruction.

Scattered telangiecta
sia can be seen with 
the development of 
any acneform eruption 
caused by EGFRIs.

–

(Continued on next page)
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Table 21-1. Cutaneous Reactions to Antineoplastic Agents (Continued)

Cutaneous 
Reaction General Comments Chemotherapy Targeted Therapy Immunotherapy

StevensJohn
son syndrome 

StevensJohnson syndrome (also 
known as erythema multiforme 
major) is a rare, serious disorder in 
which the skin and mucous mem
branes react severely to a medi
cation or infection. It often begins 
with flulike symptoms, followed by 
a painful red or purplish rash that 
spreads and blisters, eventually 
causing the top layer of the skin to 
die and shed.

StevensJohnson syndrome presents 
a medical emergency that usually 
requires hospitalization. Treatment 
focuses on eliminating the under
lying cause, controlling symptoms, 
and minimizing complications.

Cases of StevensJohn
son syndrome and 
toxic epidermal necrol
ysis, some fatal, have 
been reported when 
bendamustine HCI 
(Treanda®) was admin
istered concomitantly 
with allopurinol and 
other medications 
known to cause these 
syndromes. The rela
tionship to Treanda 
cannot be determined.

StevensJohnson syn
drome has been 
reported with ami
fostine, asparagi
nase, bleomycin, 
capecitabine, chloram
bucil, cladribine, cyclo
phosphamide, cytara
bine, docetaxel, doxo
rubicin, etoposide, 
5FU, imatinib, metho
trexate, paclitaxel, and 
procarbazine.

Hormone therapy: Letro
zole

Bortezomib, cetuximab, 
gefitinib

Sunitinib: If signs or 
symptoms are pres
ent, discontinue treat
ment and do not 
restart.

Vemurafenib: Stevens
Johnson syndrome 
has been observed. 
Discontinue drug per
manently.

Cetuximab, ipilim
umab, lenalido
mide, levamisole, 
rituximab, thalid
omide

Toxic epider
mal necrolysis

Toxic epidermal necrolysis is most 
commonly drug induced. However, 
the disorder has other potential eti
ologies, including infection, malig
nancy, and vaccinations. Toxic epi
dermal necrolysis is idiosyncratic, 
and its occurrence is not easily pre
dicted.

Some authors believe that Stevens
Johnson syndrome is a manifesta
tion of the same process involved 
in toxic epidermal necrolysis, with 
the latter involving more exten
sive necrotic epidermal detach
ment. Toxic epidermal necrolysis 
involves > 30% of the body surface, 
whereas StevensJohnson syn
drome involves < 10%.

It may be hard to distinguish from 
grade 4 acute GVHD of the skin.

Bendamustine HCI: In 
combination with ritux
imab, one case of toxic 
epidermal necrolysis 
occurred. Toxic epi
dermal necrolysis has 
been reported with 
rituximab. Report and 
withhold bendamustine 
and/or rituximab.

Toxic epidermal necroly
sis has been reported 
with asparaginase, 
chlorambucil, cladrib
ine, cytarabine, 
docetaxel, doxorubicin, 
gemcitabine, metho
trexate, mithramycin, 
pemetrexed, procarba
zine, and 6mercapto
purine.

Gefitinib
Vemurafenib: Toxic epi

dermal necrolysis has 
been observed. Dis
continue drug perma
nently.

Aldesleukin (IL2), 
cetuximab, deni
leukin, ipilimumab

(Continued on next page)
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Table 21-1. Cutaneous Reactions to Antineoplastic Agents (Continued)

Cutaneous 
Reaction General Comments Chemotherapy Targeted Therapy Immunotherapy

Acral ery
thema

Acral erythema consists of erythema, 
swelling, and pain of the digits. It 
usually occurs 1–14 days after treat
ment starts and lasts for 1–2 weeks.

It generally presents as dysesthesia 
(altered sensation of the skin) with 
tingling in the hands and feet pro
gressing to pain.

After 4 or 5 days of intense edematous 
erythema and even fissures of the 
palms, soles, and digital joints, pro
gression to desquamation and reep
ithelialization occurs. It resolves 5–7 
days after therapy is discontinued. The 
etiology is not clear but may be related 
to drug concentration in eccrine glands 
of the palms and soles.

Applying cold compresses and elevat
ing the hands and feet during drug 
administration may minimize the 
incidence and degree of toxicity.

Skin care and comfort measures are 
instituted as soon as symptoms 
are evident. Supportive care may 
include wound dressings, analgesia 
(pain relief), and cold compresses. 

Amsacrine, bleomycin, 
capecitabine, cyclo
phosphamide, cyta
rabine, etoposide, 
docetaxel, doxorubicin, 
5FU, floxuridine, gem
citabine, hydroxyurea, 
liposomal doxorubicin, 
mercaptopurine, meth
otrexate, mitotane, 
paclitaxel, teniposide, 
vinblastine

Axitinib, dasatinib, 
everolimus, sorafenib, 
sunitinib

–

Palmarplantar 
erythrodyses
thesia (hand
foot syn
drome)

It first appears as mild redness on the 
palms and soles with tingling sensa
tions in the hands, usually at the fin
gertips; symptoms progress to a more 
intense burning pain and tenderness.

Palms and soles appear edematous, 
and patients may have difficulty 
walking or grasping objects.

Ulceration may occur if therapy is not 
stopped.

Incidence and severity of symptoms are 
related to protracted exposure of cells 
to the drug. Symptoms usually develop 
2–12 days after administration of che
motherapy. Early recognition and ces
sation of drug administration are criti
cal to symptom management.

Symptoms may include flaking, swell
ing, small blisters, or small sores.

Prevention and treatment include 
reducing exposure of hands and feet 
to friction and heat by having patients 
avoid hot water (washing dishes, long 
showers, hot baths), impact on their 
feet (jogging, aerobics, walking, jump
ing), use of tools that require them 
to squeeze their hand on a hard sur
face (garden tools, household tools, 
kitchen knives), and rubbing (applying 
lotion, massaging).

Dose reduction may minimize the risk 
of recurrence.

Bleomycin, capecitabine,  
cisplatin, cyclophos
phamide, cytara
bine, daunorubicin, 
docetaxel, doxorubicin, 
etoposide, 5FU (given 
in prolonged infusion), 
floxuridine, fludara
bine, gemcitabine, 
hydroxyurea, idarubi
cin, ixabepilone, lipo
somal encapsulated 
doxorubicin, metho
trexate, mitotane, thio
tepa, vinorelbine

Incidence of 50% 
(although reports vary) 
in patients receiv
ing liposomal encap
sulated doxorubicin. 
Incidence correlates 
with higher doses and 
increased number of 
cycles.

Combination therapy:
 • Docetaxel + 
capecitabine— 
56%–63%

 • Doxorubicin + continu
ous 5FU—89%

Handfoot skin reac
tion is common with 
multikinase inhibitors 
and develops within 
the first 1–4 weeks of 
treatment.

Axitinib, everolimus, 
lapatinib, pazopanib, 
sorafenib, sunitinib

–

(Continued on next page)



Chapter 21. Cutaneous Toxicities and Alopecia 509

Table 21-1. Cutaneous Reactions to Antineoplastic Agents (Continued)

Cutaneous 
Reaction General Comments Chemotherapy Targeted Therapy Immunotherapy

Photosensi
tivity

Photosensitivity presents as sunburn 
occurring after minimal sun expo
sure.

It is an erythematous response to UV 
radiation; skin appears red with ery
thema, edema, and possibly vesi
cles.

Patients are instructed to wear protec
tive clothing and a hat when in the 
sun; avoid direct sunlight when pos
sible, especially during peak hours 
between 10 am and 3 pm; and 
avoid tanning beds. They should 
wear a sunscreen with an SPF 
higher than 15.

In addition to measures taken to avoid 
sun exposure, patients treated with 
EGFRIs are advised to wear sun
screen with an SPF of 30 or higher.

Dacarbazine, 5FU, 
highdose methotrex
ate, vinblastine

Patients treated with 
EGFRIs may develop 
photosensitivity char
acterized by erythema 
from UVinduced dam
age. Erythema may 
be painful and associ
ated with desquama
tion. In severe cases, 
photosensitivity and 
erythema may be dis
abling or life threat
ening.

Dabrafenib, dasatinib, 
imatinib, nilotinib, van
detanib, vemurafenib

Cetuximab, panitu
mumab, tretinoin

Transient ery
thema or urti
caria

Urticaria is characterized as multi
ple swollen, raised areas on the 
skin that are intensely itchy and 
appear primarily on the chest, back, 
extremities, face, and scalp. It usu
ally occurs within hours of chemo
therapy and disappears within a 
few hours. It may be generalized or 
local at the site of chemotherapy or 
along the vein.

Arsenic trioxide, aspar
aginase, carboplatin, 
cytarabine, daunorubi
cin, and prednisolone 
can cause urticaria.

Asparaginase can cause 
urticaria, fever, chills, 
and hypotension (skin 
testing is advised).

Bleomycin can cause 
erythema over pres
sure points and hyper
pigmentation.

Chlorambucil, melpha
lan, methotrexate, and 
thiotepa can cause 
urticaria and angio
edema.

Cytarabine can cause 
transient erythema.

Doxorubicin can cause 
an erythematous flare 
with pruritus at the 
IV site and along the 
vein.

Oxaliplatin can cause 
delayed urticaria.

The offending agent 
may need to be dis
continued if the reac
tion is severe or asso
ciated with systemic 
reactions such as a 
generalized rash.

IFN alfa2a and IFN 
alfa2b can cause dry, 
scaling, itchy skin or a 
pruritic maculopapular 
reaction.

Dasatinib, sunitinib, 
vemurafenib

Aldesleukin can 
cause erythema 
and pruritus that 
may progress into 
a pruritic papular 
rash.

Ofatumumab, pani
tumumab

Skin depig
mentation and 
vitiligo

Pigment changes occur due to inhi
bition of cKIT, which is the pro
tein that regulates melanocytes. 
Changes may be localized, patchy, 
or diffuse. They occur more often in 
darker skin. Effects can be reversed 
with dose reduction or discontinu
ation.

– Dasatinib, imatinib, nilo
tinib, pazopanib

–

(Continued on next page)
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Table 21-1. Cutaneous Reactions to Antineoplastic Agents (Continued)

Cutaneous 
Reaction General Comments Chemotherapy Targeted Therapy Immunotherapy

Pruritus or 
itching

Pruritus may be localized or gener
alized; symptoms may worsen with 
dehydration. Encourage patients 
to drink 8–10 glasses of fluid per 
day and minimize salt and alcohol 
intake.

Recommended skin care includes the 
use of medicated baths, anesthetic 
creams, and emollient creams. Mild 
soap designed for sensitive skin 
should be used, and perfumes, 
deodorants, cosmetics, and starch
based powders should be avoided. 
Massage, pressure, or rubbing with 
a soft cloth should be suggested 
instead of scratching.

Wearing loosefitting clothing and 
clothing made of cotton or other 
soft fabrics can alleviate pruritus. 
Use antibiotics if pruritus is sec
ondary to infection. Use oral anti
histamines, with increased doses 
at bedtime. Sedatives, tranquiliz
ers, and antidepressants may be 
useful treatments. Aspirin seems to 
reduce itching in some patients but 
increases it for others. Aspirin com
bined with cimetidine may be effec
tive for patients with Hodgkin lym
phoma or polycythemia vera. Use 
of distraction, relaxation, positive 
imagery, or cutaneous stimulation is 
encouraged. A cool, humid environ
ment may prevent skin from itching.

Skin moisturizer and urea or polido
canolcontaining lotions are suitable 
to soothe pruritus. Systemic treat
ment with oral H1antihistamines 
such as cetirizine, fexofenadine, 
or loratadine, as well as clemas
tine, may provide relief of itching for 
patients with grade 2–3 pruritus.

Alkylating agents, anti
metabolites, antibiot
ics, plant alkaloids, 
and nitrosoureas can 
cause pruritus.

Agents most associated 
with hypersensitivities 
include cisplatin, cyta
rabine, daunorubicin, 
doxorubicin, Laspara
ginase, and paclitaxel.

Asparaginase, carbo
platin, cisplatin, cyta
rabine, daunorubicin, 
doxorubicin, etoposide, 
IFN alfa2a and IFN 
alfa2b, melphalan, 
and teniposide can all 
cause a rash.

Actinic keratoses: Top
ical 5FU, cisplatin, 
cytarabine, dacarba
zine, dactinomycin, 
docetaxel, doxorubicin, 
pentostatin, 6thiogua
nine, vincristine

Bendamustine HCI, pra
latrexate

Afatinib, axitinib, dasat
inib, erlotinib, gefitinib, 
imatinib, lapatinib, 
nilotinib, osimertinib, 
sorafenib, sunitinib, 
temsirolimus, tra
metinib, vandetanib, 
vemurafenib

Atezolizumab, 
cetuximab, ipi
limumab, neci
tumumab, 
nivolumab, 
panitumumab, 
pegylated IFN 
alfa2b, pembroli
zumab

EGFRI—epidermal growth factor receptor inhibitor; 5FU—5fluorouracil; GVHD—graftversushost disease; HCl—hydrochloride; IFN—interferon; IL—inter
leukin; IV—intravenous; SPF—sun protection factor; UV—ultraviolet
Note. Based on information from Amgen Inc., 2017; Anforth et al., 2015; AstraZeneca Pharmaceuticals LP, 2015, 2016, 2017; Bayer HealthCare Pharma
ceuticals Inc., 2015; Bouché et al., 2005; Boucher et al., 2011; BristolMyers Squibb Co., 2015; Caccavale & Ruocco, 2017; CampSorrell, 2018; Cephalon, 
Inc., 2016; Chon et al., 2012; Degen et al., 2010; Fabbrocini et al., 2015; Genentech, Inc., 2016, 2017; Genentech, Inc., & Astellas Pharma US, Inc., 2016; 
Gill & Dominguez, 2016; GlaxoSmithKline, 2017; HoffmannLa Roche Inc., 2008; Huang & Anadkat, 2011; ImClone LLC, 2016; Kamil et al., 2010; Kaur & 
Mahajan, 2015; Kheir et al., 2014; Lacouture et al., 2010, 2011; Ligand Pharmaceuticals Inc., 2015, Lupu et al., 2016; Merck and Co., Inc., 2015; Morse, 
2014; National Cancer Institute, 2016; Novartis Pharmaceuticals Corp., 2016, 2017a, 2017b; Pfizer Inc., 2017; Potthoff et al., 2011; Prometheus Labora
tories Inc., 2015; ReyesHabito & Roh, 2014b; Rosen et al., 2014; SanofiAventis U.S. LLC, 2015; Segaert & Van Cutsem, 2005; Shi et al., 2016; Sibaud 
et al., 2016; Thebeau et al., 2017; Tischer et al., 2017; Tummino et al., 2007; Valentine et al., 2015; Villée et al., 2010; White & Cox, 2006; Wolters Kluwer 
Health, 2017; Wu et al., 2011; Wyeth Pharmaceuticals Inc., 2017.



Chapter 21. Cutaneous Toxicities and Alopecia 511

frequently, the elbows, knees, and 
ears are involved (Shi et al., 2016).

(b) Patches or plaques typically 
develop within two days to three 
weeks following drug adminis-
tration. Associated symptoms of 
pain, burning, paresthesia, and 
pruritus are frequently present. 
Areas of intense erythema can be 
accompanied by development of 
a dusky discoloration, petechiae, 
or sterile bullae, which can be 
followed by erosions. Typically, 
spontaneous resolution and des-
quamation occur without spe-
cific therapy, and if the chemo-
therapy agent is given again at 
the same or higher dose, recur-
rences are possible and may be 
more intense with higher doses. 
In certain cases, a delayed onset 
of 2–10 months can be seen, par-
ticularly in patients receiving 
lower-dose, continuous IV infu-
sions (Shi et al., 2016).

(c) Treatment options for TEC have 
been of variable success and 
include bland emollients, analge-
sics, cool compresses, topical cor-
ticosteroids, and topical antibiot-
ics for erosions. It is important for 
nurses, oncologists, and dermatol-
ogists to recognize TEC, under-
standing that the reaction is not 
allergic or infectious in nature and 
thus avoiding unnecessary label-
ing of drug allergies or use of anti-
microbials (Shi et al., 2016).

b) Epidermal growth factor receptor (EGFR) 
inhibitors (EGFRIs), which can include both 
targeted agents (e.g., gefitinib, erlotinib, lapa-
tinib, afatinib) and monoclonal antibodies 
(e.g., cetuximab, panitumumab)

(1) EGFRIs are associated with many cuta-
neous reactions due to the prevention 
of epidermal keratinocytes from con-
trolling the intercellular signal trans-
duction pathways, which control cell 
proliferation, apoptosis, angiogene-
sis, adhesion, and motility (Wallner, 
Köck-Hódi, Booze, White, & Mayer, 
2016). More than 80% of patients 
will have a cutaneous reaction from 
treatment with EGFRIs (Wallner et 
al., 2016).

(2) Skin toxicities from EGFRIs include 
acneform eruption; xerosis; paro-
nychia; abnormal scalp, facial hair, and 
eyelash growth; maculopapular rash; 
and postinflammatory hyperpigmen-
tation (see Figure 21-1). EGFRI cuta-
neous reactions are labeled as PRIDE 
syndrome (papulopustules and/or par-
onychia, regulatory abnormalities of 
hair growth, itching, and dryness due 
to an EGFRI) (Lupu et al., 2016).

(3) Acneform eruption is the most com-
mon reaction associated with EGFRIs. 
The presentation can be divided into 
four stages, beginning with sensory 
disturbance accompanied by edema 
and erythema. The characteristic rash 
of papules and pustules, which is pre-
dominantly but not exclusively follicu-
locentric in distribution, appears subse-
quently. This is followed by a postinflam-
matory phase of erythema and telangi-
ectasias. For patients with darker skin 
tone, a fourth phase of postinflamma-
tory hyperpigmentation may be present 
and can be long lasting. Most patients 
will have complete or significant resolu-
tion despite continuing treatment with 
EGFRIs, and the rash will completely 
disappear one month after the end of 
treatment (Lupu et al., 2016).

(4) Refer to Figure 21-2 for treatment 
options.

(5) Patients who are also being treated with 
radiation therapy have an increased 
risk of developing severe radiation 
dermatitis (Wolters Kluwer Health, 
2017). Prophylactic antibiotics have 
been shown to prevent the rash from 
occurring (Lacouture, 2015).

c) Multikinase inhibitors
(1) The multikinase inhibitors sorafenib 

and sunitinib cause cutaneous reac-
tions in 74% and 81% of patients, 
respectively. The pathophysiology is 
unknown but thought to be related to 
vessel damage or extravasation of the 
drug (Reyes-Habito & Roh, 2014b).

(2) Skin toxicities from multikinase inhib-
itors include hand-foot skin reaction, 
rash, pruritus, subungual splinter hem-
orrhage, yellow skin discoloration, hair 
depigmentation, pigment dilution, 
scrotal erythema, and nail splinter 
hemorrhage (Shi et al., 2016).
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(3) Hand-foot skin reaction, which differs 
from the classical hand-foot syndrome 
seen with nontargeted chemotherapy, 
presents in the first two to four weeks of 
treatment with the development of local-
ized painful, symmetric erythematous 
plaques on palms and soles (Shi et al., 
2016). Symptoms of hand-foot skin reac-
tion can include paresthesia, tingling, 
burning, and painful sensation in the 
palms and soles. Prior to treatment, pro-
phylactic measures can be taken, includ-
ing pretreatment pedicure, orthotic 
evaluation, reduced exposure of hands 
and feet to heat, and avoidance of exces-
sive friction. One randomized study 

showed that prophylactic celecoxib 200 
mg/day reduced the incidence of grade 
2 or greater hand-foot skin reaction in 
patients receiving capecitabine by more 
than 50% (Lacouture, 2015).

(4) Treatment of hand-foot skin reaction 
includes keratolytics such as urea 20%–
40% cream, topical corticosteroids, 
topical retinoids, and topical analge-
sics, which can reduce symptoms (Shi 
et al., 2016).

d) BRAF inhibitors (e.g., dabrafenib, vemu-
rafenib) and MEK inhibitors (e.g., selu-
metinib, trametinib)

(1) Dermatologic side effects are the most 
common adverse events seen with 

Figure 21-1. Pustular/Papular Rash Presentations

Papular lesions on the chest V-shaped papulopustular eruption on the back

Follicular pustules Confluent pustules on the nose

Note. From “Clinical Signs, Pathophysiology and Management of Skin Toxicity During Therapy With Epidermal Growth Factor Receptor Inhibitors,” by S. 
Segaert and E. Van Cutsem, 2005, Annals of Oncology, 16, p. 1427. Copyright 2005 by European Society for Medical Oncology. Reprinted with permission.
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BRAF inhibitors. Pathophysiology is 
thought to be hypersensitivity reaction 
(Shi et al., 2016).

(2) The most common dermatologic side 
effect is rash, which can be maculo-
papular, papulopustular, or follicu-
locentric and appears most often on 
the face, upper torso, and arms. Other 
cutaneous reactions include photosen-
sitivity, which usually occurs within 24 
hours of sun exposure and can include 
painful blistering. It is important to 
provide patient education related to 
good sun protection. Squamoprolif-
erative lesions are also common and 
can present as skin papillomas, verru-
cous keratosis, and seborrheic kerato-
sis. Vemurafenib or dabrafenib have 
been associated with keratoacantho-
mas or squamous cell carcinomas, as 
well as melanocytic changes with all 
BRAF inhibitors, so regular derma-
tologic follow-up is recommended for 
these patients. Other dermatologic 
effects include hand-foot skin reaction 
and altered hair growth. MEK inhibi-
tors have similar cutaneous effects as 
seen with EGFRIs, including papulo-

pustular eruption, most commonly on 
the scalp, face, chest, and back; xerosis; 
and pruritus (Shi et al., 2016).

(3) Treatment for rash includes topical 
antibiotics, oral antibiotics, and top-
ical corticosteroids. Treatments for 
squamoproliferative lesions include 
shave removal and cryotherapy (Shi 
et al., 2016).

e) Immunotherapies
(1) Cytotoxic T-lymphocyte antigen 4 

(known as CTLA-4) inhibitors such as 
ipilimumab are commonly associated 
with rash, usually occurring in the first 
three to four weeks. The rash is typi-
cally erythematous macules and pap-
ules that coalesce into thick plaques on 
the extremities and trunk. Vitiligo also 
can occur (Shi et al., 2016).

(2) The cutaneous adverse effects of pro-
grammed cell death protein 1 (PD-
1) inhibitors, such as nivolumab and 
pembrolizumab, and programmed 
cell death-ligand 1 (PD-L1) inhibi-
tors, such as atezolizumab, have yet 
to be fully described but are known 
to include vitiligo, rash, and pruritus. 
Cutaneous complications most often 

Figure 21-2. Recommendations for Prevention and Management of  
Epidermal Growth Factor Receptor Inhibitor–Induced Rash

Multinational Association of Supportive Care in Cancer
Preventive/Prophylactic
 • Systemic: Minocycline 100 mg dailya or doxycycline 100 mg BIDb

 • Topical: Hydrocortisone 1% cream with moisturizer and sun
screen BID

Treatment
 • Topical

 – Alclometasone 0.05% cream
 – Fluocinonide 0.05% cream BID
 – Clindamycin 1%

 • Systemic
 – Doxycycline 100 mg BID
 – Minocycline 100 mg daily
 – Isotretinoin at low doses of 20–30 mg/day

National Comprehensive Cancer Network  
Preventive/Prophylactic
 • Systemic

 – Oral semisynthetic tetracycline agents (doxycycline or mino
cycline)

 – Doxycycline 100 mg BID in combination with the following 
topical agents

 • Topical: Hydrocortisone 1%, skin moisturizer, and sunscreen

Treatment
 • Topical: Topical steroids and antibiotics, such as clindamycin 
and erythromycin, may be useful.

 • Systemic
 – Oral antibiotics include doxycycline or minocycline.
 – Systemic steroids are not typically used, but published case 
reports have suggested their use in specific settings.

 – Administer isotretinoin reactively (based on anecdotal or non
randomized studies).

Not Recommended
Acitretin, oilinwater topical trolamine emulsion, pimecrolimus 1% cream, sunscreen as a single agent, tazarotene 0.05% cream, tetra
cycline 500 mg BID, vitamin K1 cream

a Minocycline is less photosensitizing.
b Doxycycline should be used in patients with renal impairment.
BID—twice daily
Note. Based on information from Burtness et al., 2009; EabySandy et al., 2012; Lacouture et al., 2011.
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are mild and easily managed with 
supportive care (Sibaud et al., 2016). 
The rash is a lichenoid rash and pres-
ents with erythematous papules and 
plaques on the chest, back, abdomen, 
and extremities. The most common 
rash occurring from PD-1 inhibitor 
therapy is a nonspecific maculopapu-
lar rash occurring most often on the 
trunk and extremities (see Figures 
21-3 through 21-5). PD-L1 inhibitors 
may have a slightly lower incidence 
of rash than PD-1 inhibitors (Sibaud 
et al., 2016).

(3) Treatment includes topical corticoste-
roids for low-grade eruptions and sys-
temic corticosteroids for high-grade 
eruptions (Shi et al., 2016).

f) Combination radiation and targeted therapy
(1) Significant in-field toxicity can occur 

when radiation therapy and targeted 
agents are given concomitantly (Lacou-
ture, 2015).

(2) The best prevention for radiation der-
matitis is to wash with soap and water. 
This can prevent the risk of radiation 
dermatitis by half (Lacouture, 2015).

(3) Topical nonsteroidal agents and mois-
turizer can significantly reduce dis-
comfort, redness, and itching (Lacou-
ture, 2015).

g) Chemotherapy agents associated with radia-
tion enhancement and radiation recall

(1) Radiation enhancement: Bleomycin, 
capecitabine, chlorambucil, dacti-

Figure 21-3. Immunotherapy-Mediated Rash: 
Metastatic Melanoma

Patient is a 67yearold woman with metastatic melanoma sta
tus post 3 doses of pembrolizumab with diffuse rash to bilat
eral legs.

Note. Image courtesy of Johns Hopkins Hospital. Used with permission. 

Figure 21-4. Immunotherapy-Mediated Rash:  
Merkel Cell Carcinoma

Patient is a 71yearold man with Merkel cell carcinoma status 
post 22 doses of every3week pembrolizumab.

Note. Image courtesy of Johns Hopkins Hospital. Used with permission. 

Figure 21-5. Immunotherapy-Mediated Rash:  
Full-Body Rash

Patient is a 59yearold man with prostate cancer with biopsy
proven immunemediated fullbody rash after 4 doses of a 
PD1 inhibitor, with oral mucositis requiring steroids and dis
continuation of immunotherapy.

Note. Image courtesy of Johns Hopkins Hospital. Used with permission. 
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nomycin, doxorubicin, 5 -FU with 
and without cisplatin, gemcitabine, 
hydroxyurea, methotrexate, paclitaxel, 
and 6-mercaptopurine (Wolters Klu-
wer Health, 2017)

(2) Radiation recall: Arsenic trioxide, 
bleomycin, capecitabine, cyclophos-
phamide, cytarabine, dactinomycin, 
daunorubicin, docetaxel, doxorubi-
cin (free and liposomal), etoposide, 
5-FU, gemcitabine, hydroxyurea, ida-
rubicin, lomustine, melphalan, metho-
trexate, paclitaxel, pemetrexed, tamox-
ifen, and vinblastine (Wolters Kluwer 
Health, 2017)

(3) See Figures 21-6 through 21-9 for exam-
ples of specific cutaneous manifesta-
tions of EGFRI- and chemotherapy- 
induced toxicities.

3. Assessment
a) Accurate grading of dermatologic adverse 

events is necessary for drug toxicity deter-
mination, integrant comparisons, and sup-
portive grading scale. The Common Termi-
nology Criteria for Adverse Events (CTCAE) 
(National Cancer Institute Cancer Therapy 
Evaluation Program, 2017; see Table 21-2) 
is widely accepted throughout the oncology 
community as the standard classification and 
severity grading scale for adverse events in 
cancer therapy clinical trials and other oncol-
ogy settings. However, it was not designed spe-
cifically for the newer agents and may result 

in underreporting and poor grading of dis-
tinctive adverse events (Wallner et al., 2016).

b) The Multinational Association of Supportive 
Care in Cancer Study Group has proposed 
a new grading scale for EGFRI-induced der-
matologic adverse events. The group believes 
that a class-specific grading scale is needed 
to help standardize assessment and improve 
reporting of these dermatologic adverse 
events (Lacouture, 2015).

Figure 21-7. Paronychia of the Nail

Note. From “Clinical Signs, Pathophysiology and Management of Skin 
Toxicity During Therapy With Epidermal Growth Factor Receptor Inhibi
tors,” by S. Segaert and E. Van Cutsem, 2005, Annals of Oncology, 16, 
p. 1428. Copyright 2005 by European Society for Medical Oncology. 
Reprinted with permission.

Figure 21-8. Hyperpigmentation

Note. From “Clinical Signs, Pathophysiology and Management of Skin 
Toxicity During Therapy With Epidermal Growth Factor Receptor Inhibi
tors,” by S. Segaert and E. Van Cutsem, 2005, Annals of Oncology, 16, 
p. 1429. Copyright 2005 by European Society for Medical Oncology. 
Reprinted with permission.

Figure 21-6. Trichomegaly

Note. From “Clinical Signs, Pathophysiology and Management of Skin 
Toxicity During Therapy With Epidermal Growth Factor Receptor Inhibi
tors,” by S. Segaert and E. Van Cutsem, 2005, Annals of Oncology, 16, 
p. 1428. Copyright 2005 by European Society for Medical Oncology. 
Reprinted with permission.
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4. Collaborative management
a) General management

(1) Prior to initiation of therapy, a full 
medical history should be taken, 
including a history of prior or active 
skin diseases. Partner with an inter-
professional team and refer patients to 
a dermatologist if necessary. Provide 
patient education regarding report-
ing of any adverse events (Thebeau 
et al., 2017).

(2) Skin reactions are associated with sig-
nificant morbidity and can lead to 
dose reductions or premature dis-
continuation of chemotherapy. The 
adverse effect of cutaneous reactions 
on patients’ quality of life is only begin-
ning to be understood. The use of 
patient-reported outcome question-
naires should be included in routine 
clinical care to improve the accuracy 
of reported adverse events (Tischer, 
Huber, Kraemer, & Lacouture, 2017).

(3) Treatment of rash is largely dependent 
on symptoms. Intervention should be 
recommended based on the severity 
of the symptoms, with the goal of alle-
viation or minimization (Thebeau et 
al., 2017).

(4) Instruct patients to avoid sun exposure. 
They should apply sunscreen daily to 
exposed skin areas regardless of the 
season. Sunscreens with the follow-

ing characteristics are recommended: 
hypoallergenic, high sun protection 
factor (at least 30), PABA free, UVA 
and UVB protection (broad spectrum), 
and containing zinc oxide or titanium 
dioxide. Recommend that patients wear 
a hat and protective clothing for sun 
protection (Fabbrocini, Panariello, 
Caro, & Monfrecola, 2015).

b) Secondary infection: Secondary bacterial, 
viral, or fungal infection occurs in 40% of 
patients taking EGFRIs. Providers should 
have a low threshold for sending cultures of 
any lesions that have signs of infection, such 
as discharge. Although secondary infections 
can occur in any patient with cutaneous toxic-
ity, they are most common with EGFRI rashes 
(Lacouture, 2015).

c) Rash and response/survival
(1) Incidence and severity of papulopus-

tular rashes are associated with a bet-
ter prognosis and therefore are con-
sidered to predict response of a tumor 
to the EGFRI. Studies addressing 
EGFRI-induced rash suggest that its 
severity is a surrogate marker for effi-
cacy of the therapy (Tischer et al., 2017).

(2) Data suggest a correlation of rash 
incidence and severity with clinical 
response and increased survival time, 
leading investigators to implement 
“dose-to-rash” strategies, in which a 
patient’s EGFRI dose is progressively 
escalated until rash of a specified 
grade appears. A consistent relation-
ship between rash and response has not 
been observed with all EGFRIs stud-
ied in clinical trials to date (Tischer 
et al., 2017).

d) Psychosocial issues
(1) Skin toxicities from antineoplastic 

therapy can have a significant impact 
on patients’ physical, emotional, and 
social function. Patients are at risk for 
low self-esteem, altered self-image, 
depression, anxiety, and vulnerability. 
These side effects may interfere with 
treatment adherence, but patients may 
accept them as part of their experience 
with cancer or as a sign of response to 
therapy (Charalambous & Charalam-
bous, 2016).

(2) Cutaneous toxicity effects on quality 
of life (Charalambous & Charalam-
bous, 2016)

Figure 21-9. Fissure

Note. From “Clinical Signs, Pathophysiology and Management of Skin 
Toxicity During Therapy With Epidermal Growth Factor Receptor Inhibi
tors,” by S. Segaert and E. Van Cutsem, 2005, Annals of Oncology, 16, 
p. 1428. Copyright 2005 by European Society for Medical Oncology. 
Reprinted with permission
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Table 21-2. Common Terminology Criteria for Adverse Events Grading Relevant to Targeted Therapy–Associated 
Dermatologic Toxicity

Grade

Adverse Event 1 2 3 4 5

Alopecia Hair loss of < 50% 
of normal for that 
individual that is not 
obvious from a dis
tance but only on 
close inspection; a 
different hairstyle 
may be required 
to cover the hair 
loss but it does not 
require a wig or hair
piece to camouflage

Hair loss of ≥ 50% of normal 
for that individual that is read
ily apparent to others; a wig 
or hairpiece is necessary if 
the patient desires to com
pletely camouflage the hair 
loss; associated with psycho
social impact

– – –

Dry skin Covering < 10% 
BSA and no asso
ciated erythema or 
pruritus

Covering 10%–30% BSA and 
associated with erythema or 
pruritus; limiting instrumen
tal ADL

Covering > 30% 
BSA and associated 
with pruritus; limiting 
selfcare ADL

– –

Paronychia Nail fold edema or 
erythema; disruption 
of the cuticle

Localized intervention indi
cated; oral intervention indi
cated (e.g., antibiotic, antifun
gal, antiviral); nail fold edema 
or erythema with pain; asso
ciated with discharge or nail 
plate separation; limiting 
instrumental ADL

Operative inter
vention indicated; 
IV antibiotics indi
cated; limiting self
care ADL

– –

Pruritus Mild or localized; 
topical intervention 
indicated

Widespread and intermittent; 
skin changes from scratch
ing (e.g., edema, papulation, 
excoriations, lichenification, 
oozing/crusts); oral interven
tion indicated; limiting instru
mental ADL

Widespread and 
constant; limiting 
selfcare ADL or 
sleep; systemic cor
ticosteroid or immu
nosuppressive ther
apy indicated

– –

Rash acneform Papules and/or pus
tules covering < 10% 
BSA, which may or 
may not be associ
ated with symptoms 
of pruritus or tender
ness

Papules and/or pustules cov
ering 10%–30% BSA, which 
may or may not be associ
ated with symptoms of pruri
tus or tenderness; associated 
with psychosocial impact; lim
iting instrumental ADL; pap
ules and/or pustules covering 
> 30% BSA with or without 
mild symptoms

Papules and/or pus
tules covering > 30% 
BSA with moderate 
or severe symptoms; 
limiting selfcare 
ADL; associated 
with local superin
fection with oral anti
biotics indicated

Lifethreatening con
sequences; papules 
and/or pustules cover
ing any % BSA, which 
may or may not be 
associated with symp
toms of pruritus or ten
derness and are asso
ciated with extensive 
superinfection with IV 
antibiotics indicated

Death

Rash maculo
papular

Macules/papules 
covering < 10% 
BSA with or without 
symptoms (e.g., pru
ritus, burning, tight
ness)

Macules/papules covering 
10%–30% BSA with or with
out symptoms (e.g., pruritus, 
burning, tightness); limiting 
instrumental ADL; rash cover
ing > 30% BSA with or with
out mild symptoms

Macules/papules 
covering > 30% 
BSA with moder
ate or severe symp
toms; limiting self
care ADL

– –

ADL—activities of daily living; BSA—body surface area; IV—intravenous
Note. From Common Terminology Criteria for Adverse Events [v.5.0], by National Cancer Institute Cancer Therapy Evaluation Program, 2017. Retrieved 
from https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf.

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
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(a) Loss of dignity
(b) Hopelessness
(c) Living in fear
(d) Isolation
(e) Feeling insecure
(f) Loss of independence

5. Patient and family education
a) Instruct patients about the potential 

treatment-related symptoms of dermatologic 
toxicities as part of supportive measures (The-
beau et al., 2017; Wallner et al., 2016).

b) Include information about the potential tox-
icities associated with the agent being used.

c) Provide information on preventive and man-
agement measures.

d) Ensure that family and other support sys-
tems (friends, clergy, visiting nurses, home-
care personnel) can provide encouragement 
to patients to help rebuild their self-esteem 
and self-belief. Discuss the potential for anx-
iety or depression.

e) Perform follow-up phone calls to promote 
communication with patients regarding 
their treatment experience. It is an oppor-
tunity for nurses to educate and give sup-
portive care.

B. Alopecia
1. Overview: Alopecia is one of the most common 

and distressing side effects of chemotherapy. 
Hair loss has been identified as the most trau-
matic aspect of chemotherapy by 77% of patients 
(Ron, Kalmus, Kalmus, Inbar, & Chaitchik, 
1997). A portion of these patients may choose not 
to receive chemotherapy because of an intense 
fear of this side effect (Ross & Fischer-Cartlidge, 
2017). In young adults aged 18–38 years, men 
and women reported equally negative experi-
ences related to chemotherapy-induced alope-
cia (Chon, Champion, Geddes, & Rashid, 2012). 
Chemotherapy-induced alopecia most commonly 
occurs on the scalp; however, it can occur any-
where on the body, including facial (beards, 
eyebrows, eyelashes), axillary, and pubic hair. 
Chemotherapy-induced alopecia negatively 
affects an individual’s perceptions of body image, 
sexuality, and self-esteem.

2. Pathophysiology
a) The pathobiology of the response of human 

hair follicles to chemotherapy remains largely 
unknown. Cells responsible for hair growth 
have high mitotic and metabolic rates. Cer-
tain cytotoxic agents disrupt the proliferative 
phase of hair growth. Approximately 90% of 
hair follicles on the scalp are in the anagen 

(growth) phase of the hair cycle at any given 
time (Fabbrocini et al., 2015).

b) Two major types of chemotherapy-induced 
alopecia exist: telogen effluvium and ana-
gen effluvium.

(1) Telogen effluvium involves less than 
50% of the scalp and results in hair 
thinning. Hair enters the telogen, or 
resting, phase and results in shed-
ding three to four months after drug 
administration. Antineoplastic drugs 
that can cause this type of alope-
cia are methotrexate, 5-FU, and reti-
noids (Paus, Haslam, Sharov, & Botch-
karev, 2013).

(2) Anagen effluvium is the most common 
form of chemotherapy-induced alope-
cia. Because most hair follicles are in the 
anagen (growth) phase, chemotherapy 
damages these rapidly growing cells, 
leading to damage of the inner root 
sheath cells or the hair shaft integrity. 
The hair shaft is no longer anchored 
and falls out easily or breaks off at the 
scalp. Hair falls out spontaneously or 
during washing or combing. Chemo-
therapy agents such as cyclophospha-
mide, daunorubicin, doxorubicin, eto-
poside, ifosfamide, and paclitaxel are 
associated with this type of damage. The 
hairs remain in the telogen phase after 
damage occurs until the chemotherapy 
is completed, at which time they can 
enter the anagen phase again, and hair 
regrowth resumes (Paus et al., 2013).

3. Incidence
a) As many as 65% of patients receiving che-

motherapy will experience alopecia to some 
degree (Chon et al., 2012). The overall risk 
is lower in patients receiving targeted ther-
apies, with the incidence at 14.7% (Belum 
et al., 2015).

b) The extent of alopecia depends on the mech-
anism of action of the drug, administration 
route, drug dose, serum half-life, duration 
(e.g., bolus vs. continuous infusion), the 
response of the patient, the use of combina-
tion chemotherapy, and the condition of the 
hair prior to treatment (Chon et al., 2012).

4. Risk factors
a) Type of antineoplastic drugs administered

(1) The drugs that present the highest 
risk of alopecia are camptothecins, 
cyclophosphamide, daunorubicin, 
docetaxel, doxorubicin, epirubicin, 
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etoposide, ifosfamide, paclitaxel, and 
vinorelbine (Fabbrocini et al., 2015; 
see Table 21-3).

(2) Combination chemotherapy is associ-
ated with a higher incidence of alope-
cia than single-agent therapy (Fabbro-
cini et al., 2015).

(3) Molecularly targeted agents, such as 
monoclonal antibodies, which target 
EGFR, and small molecule inhibitors 
of EGFR, have been associated with dif-
fuse alopecia that is generally revers-
ible (Lacouture, 2015).

(4) Multitargeted tyrosine kinase inhib-
itors (e.g., sorafenib, sunitinib) have 
been associated with alopecia, although 
incidence is lower than with chemother-
apy (Lacouture, 2015).

b) Certain noncytotoxic medications (e.g., pro-
pranolol hydrochloride, heparin sodium, 
lithium carbonate, prednisone, vitamin A, 
androgen preparations)

c) Certain medical conditions (e.g., hypothy-
roidism, aging)

d) Poor hair condition before cytotoxic treatment
e) Concomitant or previous radiation therapy 

to the head (local effect)
5. Clinical manifestations

a) Scalp dryness, soreness, pruritus, and rash 
can occur before, during, or after hair loss.

b) Expected time frame and pattern (Fabbro-
cini et al., 2015)

(1) Hair shedding begins approximately 
one to three weeks after administra-
tion of the drug and may last one to 
two months after initiation of therapy.

(2) Pattern: Hair loss tends to occur first 
on the crown and sides of head above 
the ears.

(3) Chemotherapy-induced alopecia gen-
erally is reversible.

(4) Hair regrowth begins one to three 
months after discontinuation of che-
motherapy.

(5) Regrown hair may demonstrate 
changes in color, structure, or texture, 
and in some patients, hair density may 
continue to be reduced after treatment 
(Paus et al., 2013).

(6) Permanent alopecia following chemo-
therapy, although rare, can occur with 
high-dose busulfan and cyclophospha-
mide following hematopoietic stem 
cell transplantation, long-term use 
of EGFRIs, and treatment with tax-
anes (Fabbrocini et al., 2015; Fonia et 
al., 2017).

6. Assessment: See Table 21-2 for CTCAE grading 
for alopecia.

7. Collaborative management: Alopecia is a con-
stant reminder of disease and greatly affects 
patients’ sense of self. Patients may experience 
privacy issues because alopecia often is associ-
ated with having cancer.

Table 21-3. Risk of Chemotherapy-Induced Alopecia for Antineoplastic Agents

Classification High Risk Moderate Risk Mild Risk

Chemotherapy 
agents

Cyclophosphamide
Daunorubicin
Docetaxel
Doxorubicin
Epirubicin
Eribulin
Etoposide
Ifosfamide
Irinotecan
Ixabepilone
Paclitaxel
Topotecan
Vinorelbine

Amsacrine
Busulfan
Carboplatin (AUC 5–6)
Cytarabine
Gemcitabine
Mechlorethamine
Methotrexate
Oxaliplatin

Bleomycin
Capecitabine
Carboplatin (weekly)
Cisplatin
Cyclophosphamide (oral)
5Fluorouracil
Fludarabine
Hydroxyurea
Mitoxantrone
Thiotepa
Vinblastine
Vincristine

Immunotherapy 
agents

– Cetuximab –

Targeted ther
apy agents

– Dabrafenib
Vemurafenib

Dasatinib
Pazopanib

AUC—area under the plasma concentration versus time curve
Note. Based on information from Rugo et al., 2017; Wolters Kluwer Health, 2017.
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a) Currently, no approved pharmacologic treat-
ment is available for prevention of alopecia 
caused by cytotoxic therapy. Multiple pharma-
cologic and biologic therapies are being stud-
ied, such as epidermal growth factor, kerati-
nocyte growth factor, cytokines, antioxidants, 
and apoptosis inhibitors (Paus et al., 2013).

b) Scalp cooling is a strategy created to prevent 
or limit chemotherapy-induced alopecia. It 
is routinely used in the United Kingdom, 
France, Netherlands, and Canada and has 
been around for more than 40 years.

(1) The process works by inducing vasocon-
striction and decreased follicle metab-
olism. The decreased blood flow to the 
hair follicles limits the uptake of the 
chemotherapy agents, and decreased 
metabolism makes the follicles less sus-
ceptible to damage from the chemo-
therapy agent.

(2) Scalp cooling has been shown to be effec-
tive in reducing chemotherapy-induced 
alopecia (Ross & Fischer-Cartlidge, 
2017). Previously, scalp cooling was not 
recommended, because of concerns of 
scalp metastasis and secondary seed-
ing to other organs from cancer cells 
that remained in the scalp. However, 
a literature review found a lack of data 
showing any concern for scalp metas-
tases or secondary seeding.

(3) The majority of patients who have been 
studied at this time are patients with 
breast cancer (Ross & Fischer-Cartlidge, 
2017). A recent prospective cohort study 
conducted at five U.S. medical centers 
in women with breast cancer found that 
the use of scalp cooling was associated 
with less hair loss four weeks after the 
last dose of chemotherapy (Rugo et 
al., 2017). The study also found that 
quality-of-life measures were better in 
the group that received scalp cooling 
(Rugo et al., 2017).

(4) Contraindications exist for scalp cool-
ing and include patients with known 
hematologic malignancies because of 
reports of scalp metastasis and lack 
of safety data, as well as patients with 
cold sensitivity, cold agglutinin dis-
ease, cryoglobulinemia, and cryofi-
brinogenemia. Patients may experi-
ence headaches, excessive coldness, 
or feelings of claustrophobia (Rugo 
et al., 2017).

(5) Four systematic reviews looking at per-
centage of successful hair preservation 
showed success rates of 10%–100%, 
with the majority around 50% (Ross & 
Fischer-Cartlidge, 2017). Another sys-
tematic review found that the use of 
scalp cooling decreased relative risk of 
alopecia by 43% (Rugo & Voigt, 2018).

(6) The U.S. Food and Drug Administra-
tion approved the DigniCap® Scalp 
Cooling System and the Paxman Scalp 
Cooler to be used in patients with solid 
tumors (U.S. Food and Drug Adminis-
tration, 2017).
(a) The DigniCap system gradually 

decreases from room tempera-
ture to the target temperature 
of 37°F–41°F (2.8°C–5°C), with 
a safety mechanism in place to 
ensure the temperature always stays 
above freezing at 32°F (Dignitana, 
Inc., n.d.). Contraindications to the 
use of DigniCap include pediatric 
patients, cold sensitivities, central 
nervous system malignancies, squa-
mous cell carcinoma of the lung, 
small cell carcinoma of the lung, 
cancers of the head and neck, skin 
cancers, hematologic malignan-
cies, solid tumor malignancies with 
a high likelihood of metastases in 
transit, current use of myeloabla-
tive chemotherapy, and current or 
previous skull irradiation (Digni-
tana, Inc., n.d.).

(b) The Paxman cooling system works 
by using inline temperature sen-
sors to ensure the cooling cap 
maintains a constant tempera-
ture (Paxman, n.d.). Contraindi-
cations to the use of the Paxman 
system include hematologic malig-
nancies, cold allergy, cold agglu-
tinins, scalp metastases, and cur-
rent use of myeloablative chemo-
therapy or skull irradiation (Pax-
man, n.d.).

c) Topical minoxidil had been associated with 
decreased severity and duration of alope-
cia, but this has not held up in further stud-
ies (Gill & Dominguez, 2016).

8. Patient and family education
a) Ask patients to verbalize feelings related 

to hair loss. Increasing patients’ knowl-
edge may give them a sense of control as 
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their appearance changes (Ishida, Ishida, 
& Kiyoko, 2014).

b) Advise patients and caregivers about the fol-
lowing (Can, Yildiz, & Özdemir, 2017):

(1) The cause of alopecia and the time 
frame of hair loss and regrowth

(2) Strategies to manage hair loss and 
regrowth
(a) Be aware that most strategies are 

literature based and have not been 
tested in randomized controlled 
clinical trials.

(b) Use baby shampoo with a neutral 
pH balance.

(c) Avoid using permanent waves, 
bleach, and coloring agents on 
hair, as well as vigorous brushing, 
hot rollers, and excessive heat with 
hair dryer use.

(d) Avoid excessive brushing or 
combing. Use a soft brush or a 
wide-tooth comb.

(e) Consider cutting hair in a short 
style or shaving the head (Fabbro-
cini et al., 2015).

(f) Protect the scalp from the cold 
and sun with hats, scarves, wigs, 
and sunscreen. Consider cotton 
head coverings.

(g) Instruct patients that new hair that 
grows after completion of therapy 
may differ from the original hair 
in color or texture.

(3) Local resources for support (e.g., wig 
salons, scarf and turban catalogs, sup-
port groups)
(a) Look Good Feel Better is a program 

offered by the Look Good Feel 
Better Foundation through com-
munity organizations such as the 
American Cancer Society to pro-
vide guidance and support regard-
ing wigs and other head coverings, 
makeup, and skin care (Look Good 
Feel Better Foundation, n.d.).

(b) Computerized imaging programs 
to simulate baldness and the look 
of various types and colors of wigs 
may be useful and can decrease 
distress related to hair loss (Chon 
et al., 2012).

(4) A wig may be covered by the patient’s 
insurance, which will help to defray 
costs. A prescription written for “hair 
prosthesis” may be required.

(a) Wigs can be synthetic or made of 
human hair, with the latter being 
more expensive. Representatives 
at salons or stores that specialize 
in wigs can discuss the pros and 
cons of each type of wig with the 
patient. Synthetic wigs may be 
damaged by excessive heat during 
styling. Manufacturers’ care guide-
lines should be followed.

(b) Wig specialists may have an eas-
ier time matching a wig to the 
patient’s usual style if the patient 
consults the stylist before hair loss 
begins or provides pictures. It may 
be helpful to preserve a portion 
of normal hair prior to complete 
hair loss to allow for color and tex-
ture matching.

(c) If a wig is purchased prior to hair 
loss, it should be adjustable so that 
the size can be decreased as the 
hair loss occurs (Look Good Feel 
Better Foundation, n.d.).

(d) A variety of scarves and turbans 
are available and assist with pro-
tection of the scalp and preven-
tion of heat loss.
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CHAPTER 22

Endocrine Toxicities

A. Overview
1. Aside from steroids administered as part of the 

chemotherapy, which are known to cause hyper-
glycemia, several other chemotherapy agents are 
reported to cause endocrine disorders.

2. Endocrinopathies are one of the adverse side 
effects of cancer treatment and are primarily 
associated with immunotherapy.
a) Adrenal, thyroid, and pituitary glands are the 

endocrine organs that are most commonly 
affected by immune checkpoint inhibitors 
(Sznol et al., 2017).

b) Adverse effects include hyperthyroidism, 
hypothyroidism, hypophysitis, hyperglyce-
mia (diabetes), myxedema, and adrenal 
insufficiency.

c) Most of these are associated with repeated 
administration of immunotherapy agents.

3. These side effects may often go unnoticed and 
therefore underreported, underdiagnosed, and 
undertreated. It is important that prior to initi-
ation of treatment, as well as during and after 
completion of treatment, every patient be eval-
uated for the presence of these endocrine dis-
orders.

4. Although endocrinopathies may not be consid-
ered the most common adverse side effects of 
antineoplastics, they have been associated with 
the following:
a) Mammalian target of rapamycin (mTOR) 

inhibitors
b) Recombinant human interferon (IFN) alfa
c) Cytokine interleukin (IL)-2
d) Checkpoint inhibitors

(1) Cytotoxic T-lymphocyte antigen 4 
(CTLA-4)

(2) Programmed cell death protein 1 
(PD-1)

(3) Programmed cell death-ligand 1 
(PD-L1)

e) These therapies upregulate the immune 
system, thereby combating tumor cells 
(Gonzalez-Rodriguez & Rodriguez-Abreu, 

2016). See Table 22-1 for a list of these drugs, 
side effects, and nursing considerations.

B. Drug-specific endocrinopathies
1. Hyperglycemia with mTOR inhibitors (Dy & 

Adjei, 2013; Hwangbo & Lee, 2017)
a) Pathophysiology

(1) Decrease in glucose-stimulated insulin 
secretion from beta cells

(2) Increase in apoptosis
(3) Increase in peripheral insulin resis-

tance
(4) Promotion of gluconeogenesis in the 

liver
b) Incidence: Hyperglycemia has been found to 

occur in 12% of patients treated with evero-
limus and in 11% of those treated with tem-
sirolimus.

c) Risk factors: May be similar to the risk fac-
tors for cancer

(1) Obesity
(2) Decreased physical activity
(3) Older age

d) Manifestations: Hyperglycemia usually occurs 
with the first six weeks of treatment and 
resolves between doses.

e) Assessment: Patients should have fasting 
blood glucose levels checked prior to initiat-
ing and during treatment.

f) Prevention and treatment: Lifestyle modi-
fication should be initiated (diet and exer-
cise), and antidiabetic medication should be 
started if indicated.

(1) For patients with a history of hypergly-
cemia or diabetes—optimize blood glu-
cose control prior to treatment.

(2) For blood glucose levels of 250–500 
mg/dl, hold the drug temporarily, and 
restart at a decreased dose.

(3) For blood glucose greater than 500 mg/
dl, discontinue the drug.

g) Patient and family education: Educate 
patients and families on the signs and symp-
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Table 22-1. Endocrine Toxicities of Antineoplastics

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents

Antimetabo-
lites

Decitabine
(Dacogen®)

Hyperglycemia observed in clinical tri-
als: 6%–33%

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

Antitumor anti-
biotics

Valrubicin
(Valstar®)

Hyperglycemia observed in clinical tri-
als: 1%

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

Miscellaneous Asparaginase 
Erwinia chrysan-
themi
(Erwinaze®)

Hyperglycemia secondary to inhibition 
of insulin or insulin receptor synthesis: 
2%–17%

Malabsorption of glucose: 5%
Potentially irreversible glucose intoler-

ance
Diabetic ketoacidosis
Transient diabetes mellitus was 

observed in pediatric patients under-
going treatment with L-asparaginase 
and prednisone.

Death

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

In the presence of increased serum insulin, discon-
tinue the drug; IV fluids and insulin may be used 
to reverse hyperglycemia.

Mitotane
(Lysodren®)

Acute adrenal injury (adrenal crisis can 
occur with shock or severe trauma)

Adrenal insufficiency

In the presence of acute adrenal injury, hold drug 
and administer hydrocortisone; monitor for wors-
ening signs of shock.

In the presence of adrenal insufficiency, steroid 
replacement may be used, and free cortisol and 
corticotropin should be monitored until steroid 
replacement normalizes levels.

Omacetaxine
(Synribo®)

Hyperglycemia (grade 3–4: 11%) and 
hyperosmolar hyperglycemic state 
have been observed.

Avoid use in patients with poorly controlled dia-
betes mellitus unless good glycemic control is 
achieved.

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

Pegaspargase
(Oncaspar®)

Irreversible glucose intolerance may 
occur.

Hyperglycemia: 5%

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

Vorinostat
(Zolinza®)

Hyperglycemia: 8.1%
Increased serum glucose

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

Monitor serum glucose every 2 weeks during the 
first 2 months of treatment and monthly thereaf-
ter.

Nitrosoureas Streptozocin
(Zanosar®)

Impaired glucose tolerance
Hyperglycemia secondary to islet cell 

inflammation and destruction

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

(Continued on next page)
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Table 22-1. Endocrine Toxicities of Antineoplastics (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents

Small mole-
cule inhibitors

Axitinib
(Inlyta®)

Hyperthyroidism: 1%
Hypothyroidism: 19%

Monitor TSH levels.

Brigatinib
(Alunbrig®)

Hyperglycemia Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

In the presence of grade 3 or greater hyperglyce-
mia (> 250 mg/dl or 13.9 mmol/L), hold brigatinib 
until adequate hyperglycemic control is achieved. 
Once hyperglycemic control is achieved, consider 
reduction to next lower dose or permanently dis-
continue.

Ceritinib
(Zykadia®)

Hyperglycemia Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

Withhold ceritinib if the patient develops treatment-
resistant hyperglycemia > 250 mg/dl. If hyper-
glycemia is controlled, resume with a 150 mg 
dose reduction. Discontinue if unable to tolerate 
300 mg once daily or if hyperglycemia remains 
uncontrolled with medical intervention.

Dabrafenib
(Tafinlar®)

Hyperglycemia: 50%–60% Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

Dabrafenib, alone or in combination with tra-
metinib, may require more intensive hypoglyce-
mic therapy.

Everolimus
(Afinitor®, Afini-
tor Disperz® tab-
lets for oral sus-
pension)

Diabetes mellitus (both new onset and 
exacerbation): 1%–10%

Hyperglycemia: 13%–75% (grade 3–4: 
5%–17%)

Hypoglycemia: 1 instance of death 
related to hypoglycemia and cardiac 
arrest reported in a clinical trial

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

Drug may need to be interrupted, dose adjusted, 
or discontinued based on resolution of hypergly-
cemia.

Monitor fasting serum glucose prior to therapy and 
periodically during therapy.

Imatinib mesylate
(Gleevec®)

Hypothyroidism
Decreased glucose level (mean 

decrease of 4.7% alone, 23.9% with 
dasatinib, 12.2% with sunitinib, and 
12.8% with sorafenib)

Monitor blood glucose, and for patients on hypo-
glycemic agents, instruct on the signs and symp-
toms of hypoglycemia.

Midostaurin
(Rydapt®)

Hyperglycemia: 20% Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

Pazopanib
(Votrient®)

Decreased glucose level: 17% (grade 3: 
0%; grade 4: < 1%)

Increased glucose levels: 41% in 
patients with RCC; 45% in patients 
with soft tissue sarcoma

Hypothyroidism: 4%–7%

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypo- and 
hyperglycemia.

(Continued on next page)
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Table 22-1. Endocrine Toxicities of Antineoplastics (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small mole-
cule inhibitors 
(cont.)

Sunitinib
(Sutent®)

Hyperthyroidism
Hypoglycemia: 2% in patients with GIST 

and RCC; 10% in patients with pNET
Hypothyroidism: 4%–36% in patients 

with GIST; 16% in patients with RCC; 
7% in patients with pNET

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypogly-
cemia.

Monitor TSH levels.
Oral levothyroxine and IV methylprednisolone may 

be initiated for management of severe hypothy-
roidism.

Temsirolimus
(Torisel®)

Hyperglycemia: 89% Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

Test glucose prior to and during treatment.
Patients may require insulin or oral hypoglycemic 

agents for management.

Trametinib
(Mekinist®)

Hyperglycemia has been observed in 
combination with dabrafenib.

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

Vandetanib
(Caprelsa®)

Decreased glucose level: 24%
Hypothyroidism: 6%

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypogly-
cemia.

Consider monitoring TSH levels.

Vorinostat
(Zolinza®)

Hyperglycemia: 8.1% Monitor serum glucose every 2 weeks during the 
first 2 months of treatment and monthly thereaf-
ter.

Educate patients and families on the signs and 
symptoms of hyperglycemia.

Immunotherapy Agents

Checkpoint 
inhibitors: 
PD-1

Pembrolizumab
(Keytruda®)

Hyperglycemia: 40%–48%
Hyperthyroidism: 3.4%
Hypophysitis: 0.6%
Hypothyroidism: 8.5%–14%
Thyroiditis: 0.6%
Type 1 diabetes mellitus: 0.2%

Type 1 diabetes mellitus: Administer insulin. For 
severe hyperglycemia, withhold pembrolizumab, 
and administer antihyperglycemics. May resume 
once toxicity recovers to grade 0 or 1.

Administer thioamides and beta-blockers as appro-
priate. Withhold or discontinue for severe (grade 
3) or life-threatening (grade 4) hyperthyroidism. 
May resume once toxicity recovers to grade 0 or 1.

Administer corticosteroids and hormone replace-
ment as clinically indicated. For moderate (grade 
2) hypophysitis, withhold pembrolizumab. With-
hold or discontinue for severe (grade 3) or life-
threatening (grade 4) hypophysitis. May resume 
once toxicity recovers to grade 0 or 1.

Checkpoint 
inhibitors: 
PD-L1

Avelumab
(Bavencio®)

Adrenal insufficiency: 0.5%
Thyroid gland disorder: 6%
Hyperthyroidism: 0.4%
Hypothyroidism: 5%
Thyroiditis: 0.2%
Type 1 diabetes mellitus: 0.1%

For grade 3 or 4 endocrinopathies, withhold ave-
lumab, and initiate appropriate medical manage-
ment of toxicity.

May resume avelumab after resolution of grade 
0–1 and corticosteroid taper.

For persistent grade 2–3 immune-mediated toxicity 
(lasting 12 weeks or longer), permanently discon-
tinue avelumab.

For patients who require 10 mg/day or greater 
prednisone or equivalent for > 12 weeks, perma-
nently discontinue avelumab.

(Continued on next page)
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Table 22-1. Endocrine Toxicities of Antineoplastics (Continued)

Classification Drug Side Effects Nursing Considerations

Immunotherapy Agents (Cont.)

Cytokines Interferon alfa-2b
(Intron-A®)

Diabetes mellitus: < 5%
Thyroid gland disorder: < 5%

Patients whose glucose levels cannot be maintained 
with medication should not begin interferon alfa-
2b therapy. In patients who develop this condition 
during therapy, which cannot be controlled with 
medication, discontinue interferon treatment.

Discontinuation of interferon therapy has not 
always reversed dysfunction occurring during 
treatment. TSH should be evaluated prior to start-
ing interferon alfa-2b, and therapy should be dis-
continued if patients develop thyroid abnormali-
ties during treatment.

Cytokines: 
Hematopoietic 
growth factors

Epoetin alfa
(Procrit®)

Hyperglycemia: 6% Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

Miscellaneous: 
Immunomodu-
lators

Lenalidomide
(Revlimid®)

Hyperglycemia: 11.7%
Hypothyroidism has been observed in 

patients with myelodysplastic syn-
drome.

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

Clinical monitoring of thyroid function is recom-
mended.

Monoclonal 
antibodies: 
Human

Bevacizumab
(anti-VEGF anti-
body; Avastin®)

Hyperglycemia: 26%–31% Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

Elotuzumab
(anti-SLAMF7 
antibody; Emplic-
iti™) 

Hyperglycemia: 89.3% Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

Miscellaneous Therapies

Calcineurin 
inhibitors

Tacrolimus
(Prograf®)

Hyperglycemia secondary to inhibition of 
insulin secretion and peripheral insulin 
resistance: 16%–70%

New-onset diabetes mellitus: 10%–37% 
(increased risk in African American 
and Hispanic transplant recipients)

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

Hormones Octreotide
(Sandostatin®)

Hyperglycemia secondary to inhibition of 
insulin secretion: 16%–27%

Hypoglycemia: 3%–4%
Hypothyroidism: 2%–12%

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hyper- 
and hypoglycemia.

Baseline and periodic assessments of thyroid func-
tion tests are recommended during chronic ther-
apy.

Thyroid replacement therapy may be needed in the 
presence of hypothyroidism.

Leuprolide
(Lupron®)

Diabetes mellitus has been observed in 
men with locoregional prostate cancer 
receiving leuprolide.

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of diabetes 
mellitus.

Steroids Glucocorticoids Hyperglycemia secondary to increased 
hepatic glucose

Decreased insulin effectiveness
Decreased insulin secretion

Monitor blood glucose, and educate patients and 
families on the signs and symptoms of hypergly-
cemia.

GIST—gastrointestinal stromal tumor; IV—intravenous; PD-1—programmed cell death protein 1; PD-L1—programmed cell death-ligand 1; pNET—pancre-
atic neuroendocrine tumor; RCC—renal cell carcinoma; TSH—thyroid-stimulating hormone; VEGF—vascular endothelial growth factor
Note. Based on information from Otsuka America Pharmaceutical, Inc., 2014; Truven Health Analytics, 2017.
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toms of hyperglycemia (e.g., increased thirst, 
increased urination), with instructions to 
report them if they develop.

2. Hyperthyroidism/hypothyroidism and biphasic 
thyroiditis with recombinant human IFN alfa 
used in the treatment of hairy cell leukemia and 
resected high-risk melanoma (Hauschild et al., 
2008; Weber, Yang, Atkins, & Disis, 2015)
a) Pathophysiology: Stimulation of autoreac-

tive lymphocytes resulting in autoimmune 
thyroiditis (Corsello et al., 2013)

b) Incidence: Occurs in 5%–31% of patients 
receiving treatment

c) Risk factors
(1) Presence of thyroid antibodies
(2) Preexisting thyroid disease leads to 

increased severity of hypothyroidism
d) Manifestations

(1) Symptoms of hyperthyroidism
(a) Palpitations
(b) Weight loss
(c) Diarrhea
(d) Cold intolerance

(2) Symptoms of hypothyroidism
(a) Constipation
(b) Heat intolerance
(c) Weight gain, which usually occurs 

3–12 weeks after initiation of 
therapy

e) Assessment: Assess thyroid function at 
induction/maintenance and every three 
months.

(1) Thyroid-stimulating hormone (TSH)
(2) Free T4
(3) Thyroid peroxidase antibodies and 

thyroglobulin
f) Prevention and treatment

(1) Levothyroxine (1.6 mcg/kg) is used 
for the treatment of hypothyroidism.

(2) Beta-blockers or corticosteroids may 
also be used.

(3) Symptoms may resolve when therapy 
is stopped.

(4) If thyroid functions do not normalize, 
therapy should be stopped.

g) Patient and family education
(1) Instruct patients and families to report 

symptoms of hypo- or hyperthyroidism 
as listed previously.

(2) If thyroid hormone replacement has 
been initiated, instruct patients to 
take medications in the morning on 
an empty stomach.

3. Thyroiditis with cytokine IL-2 used for the treat-
ment of advanced renal cell carcinoma and mela-

noma (Schwartz, Stover, & Dutcher, 2002; Weber 
et al., 2015)
a) Pathophysiology: Thyroiditis is believed to 

occur due to the release of nitric oxide, IL-1, 
IFN gamma, and tumor necrosis factor-alpha 
and increased infiltration of lymphocytes into 
the thyroid gland. Pathophysiology remains 
to be fully elucidated.

b) Incidence: Thirty-five percent of patients 
may experience hypothyroidism, and 7% 
may experience hyperthyroidism.

c) Risk factors: Hypothyroidism is related to 
duration of therapy.

d) Manifestations
(1) Hyperthyroidism

(a) Palpitations
(b) Weight loss
(c) Diarrhea
(d) Cold intolerance

(2) Hypothyroidism
(a) Weight gain
(b) Constipation
(c) Heat intolerance

e) Assessment: Routine testing of thyroid hor-
mones (TSH and free T4) should be per-
formed.

f) Prevention and treatment
(1) If hypothyroidism is detected before 

initiation of treatment, hormone 
replacement therapy should be started 
and treatment delayed for at least two 
weeks.

(2) Hormone replacement therapy should 
be continued for one year or until lev-
els return to normal. Symptoms resolve 
upon withholding of the drug and usu-
ally are completely resolved in 6–10 
months.

g) Patient and family education
(1) Instruct patients and families to report 

symptoms of hypo- or hyperthyroidism 
as previously listed.

(2) If thyroid hormone replacement has 
been initiated, instruct patients to 
take medication in the morning on an 
empty stomach.

4. Glucocorticoids
a) Background: Glucocorticoids are known to 

cause the following (Oyer, Shah, & Betten-
hausen, 2006; Simmons, Molyneaux, Yue, & 
Chua, 2012; Trence, 2003; Vigneri, Frasca, 
Sciacca, Pandini, & Vigneri, 2009):

(1) Decreased beta cell mass
(2) Increased glucose intolerance
(3) Decreased insulin effectiveness



Chapter 22. Endocrine Toxicities 531

(4) Increased hepatic glucose output
(5) Hyperinsulinemia
(6) Decreased beta cell effectiveness (van 

Raalte, Ouwens, & Diamant, 2009)
b) Pathophysiology

(1) Glucocorticoids inhibit glucose trans-
port/phosphorylation, thereby decreas-
ing available intracellular energy.

(2) They impede cell mitotic division.
(3) They inhibit protein synthesis, result-

ing in apoptotic cell death (Coleman, 
1992; Laane et al., 2009).

c) Risk factors (Handy, Olsen, & Zitella, 2013)
(1) Preexisting diabetes mellitus (pro-

longed or undiagnosed)
(2) Family history of diabetes mellitus
(3) Down syndrome
(4) Increased age
(5) Increased body mass index
(6) Central nervous system disease
(7) Concurrent administration of tacro-

limus, cyclosporine, or asparaginase
d) Manifestations: (Handy et al., 2013)

(1) Hyperglycemia (blood glucose > 180 
mg/dl)

(2) Tachycardia
(3) Elevated systolic blood pressure
(4) Anxiety
(5) Irritability
(6) Drowsiness
(7) Blurred vision
(8) Confusion
(9) Dry mouth

(10) Dehydration
(11) Nausea and vomiting
(12) Shortness of breath
(13) Tremor
(14) Hunger
(15) Dry, itchy skin
(16) Polydipsia
(17) Polyuria
(18) Seizures
(19) Coma

e) Assessment (Handy et al., 2013)
(1) Monitor blood glucose, both fasting 

and two hours postprandial.
(2) Assess for diabetic ketoacidosis.
(3) Monitor for glucocorticoid-induced 

osteonecrosis, which includes joint 
pain, weakness, and gait changes.

f) Prevention and treatment: See Figure 22-1.
g) Patient and family education: The degree of 

hyperglycemia often is related to the potency 
and duration of action of the steroid admin-
istered.

(1) For example, hydrocortisone has a 
short duration of action (2–10 hours) 
compared to dexamethasone, which 
has a duration of action of about 72 
hours.

(2) Repeated exposure to steroids can 
result in sustained hyperglycemia 
requiring long-term use of antidiabetic 
medications.

C. Checkpoint inhibitor–related endocrinopathies 
(Spain, Diem, & Larkin, 2016; Villadolid & Amin, 
2015)
1. CTLA-4 is an inhibitory checkpoint protein 

expressed on the surface of activated T cells 
that bind to B7 molecules and inhibit the T cell. 
This category includes ipilimumab and is used 
to treat melanoma.

2. PD-1 is an immune inhibitory checkpoint 
expressed on the surface of activated T cells.
a) This category of drugs includes pembroli-

zumab and nivolumab.
b) They have been used in the treatment of mel-

anoma, Hodgkin lymphoma, renal cell, lung, 
and mesothelioma.

3. PD-L1 is expressed on T cells and interacts with 
B7 molecules, resulting in T cells switching off.

4. The adverse side effects from CTLA-4, PD-1, 
and PD-L1 inhibitors are similar and usually 
dose related.
a) Hypothyroidism (Dy & Adjei, 2013 ; 

González-Rodríguez & Rodríguez-Abreu, 
2016; Khan, Rizvi, Sano, Chiu, & Hadid, 
2017; Spain et al., 2016; Villadolid & Amin, 
2015)

(1) Pathophysiology: Has not been fully 
elucidated

(2) Incidence: Hypothyroidism occurs in 
4%–10% of patients treated with PD-1 
inhibitors and 2%–4% of patients 
treated with CTLA-4 inhibitors.

(3) Risk factors: More common in women
(4) Manifestations: The time to manifes-

tations (increased TSH and decreased 
free T4) is usually two to three months 
for CTLA-4 inhibitors and 0.7 weeks to 
19 months with PD-1 inhibitors.

(5) Assessment: TSH and free T4 should 
be measured prior to treatment, at 
the time of each treatment, and every 
6–12 weeks for the first six months 
after treatment.

(6) Prevention and treatment: Levothy-
roxine replacement at dose of 1.6 
mcg/kg/day
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(7) Patient and family education
(a) Instruct patients and families to 

report symptoms of hypothyroid-
ism as listed previously.

(b) If thyroid hormone replace-
ment has been initiated, instruct 
patients to take medication in the 
morning on an empty stomach.

b) Hyperthyroidism (Spain et al., 2016)
(1) Pathophysiology: Currently no histo-

pathologic findings

(2) Incidence: Hyperthyroidism occurs in 
1%–8% of patients treated with check-
point inhibitors.

(3) Risk factors
(a) Transient thyroiditis proceeding 

hypothyroidism
(b) TSH receptor antibody develop-

ment
(c) Graves disease

(4) Manifestations: Symptoms usually 
occur 24 days to 11.7 months after 

Figure 22-1. Glucocorticoid-Induced Hyperglycemia

Glucocorticoid-Induced Hyperglycemia
Mechanism:
 • Impairs glucose uptake in peripheral tissues
 • Increases hepatic glucose production
 • Stimulates protein catabolism, which increases concentrations 
of circulating amino acids, providing precursors for gluconeo-
genesis

Risk Factors:
 • Total steroid dose and duration of therapy
 • Preexisting diabetes mellitus (prolonged or undiagnosed)
 • Family history of diabetes mellitus
 • Down syndrome
 • Increased age
 • Increased BMI
 • CNS disease
 • Concurrent administration of tacrolimus, cyclosporine, or aspar-
aginase

Characteristics:
 • Associated with normal fasting glucose (once a day steroids), 
which may lead to underdiagnosis if labs are only checked in 
AM

 • Blood glucose rises after lunch and throughout evening.
 – Monitor blood glucose for patients on glucocorticoids 2 hours 
postprandial.

 • Postprandial hyperglycemia is often the first indication.
 • Most common during ALL induction therapy
 • Spontaneously resolves in most patients who were not previ-
ously diabetic

 • Can be associated with diabetic ketoacidosis

Consequences of Glucocorticoid-Induced Hyperglycemia:
 • Increased risk of infection (impairs phagocytic and microbici-
dal activities of WBCs and may inhibit endogenous production 
of interleukins)

 • Decreased survival in adults with ALL

Glucocorticosteroids:
 • Prednisone peak effect 4–8 hours with duration of 12–16 hours

 – NPH beneficial
 • Dexamethasone peak effect 20 hours

 – Glargine beneficial

Treatments
Insulin
Benefits:
 • Few contraindications
 • Few drug interactions
 • Frequent adjustments can be made as steroids are tapered.
 • Type and peak duration can be matched to steroid duration and 
dosage.

 • May be administered SC or IV as a continuous infusion
 • Long-acting and quick-acting formulations can be combined to 
provide basal, correctional, and nutritional coverage.

 – Nutritional insulin will comprise 70%–80% of total daily insu-
lin needs because of the effect of glucocorticoids, and basal 
insulin will comprise 20%–30% of daily insulin needs.

Challenges:
 • Patient’s ability to learn, self-monitor, and administer insulin
 • Insulin dosing must be carefully managed and individualized 
depending on severity of hyperglycemia, glucocorticoid dosing, 
and schedule.

 • Lack of insurance coverage
 • Lack of availability of trained and knowledgeable providers for 
diabetic teaching

 • Complexity of multiple injections of insulin per day may deter 
providers and patients from choosing SC insulin.

 • For patients with anasarca: SC injections are not recommended; 
convert patient to an IV insulin drip.

Oral Antidiabetic Agents
Benefits:
 • Easy for patients to take

Challenges:
 • Difficult to adjust because of long half-life
 • Increased drug interactions
 • May be contraindicated in patients with renal dysfunction, 
edema, or cardiac disease

 • Discontinuation of oral antidiabetic medications is recom-
mended in glucocorticoid-induced hyperglycemia.

Diet:
 • Carbohydrate-controlled diet
 • Nutritional insulin if postprandial glucose > 180 mg/dl based on 
a carbohydrate/insulin ratio

ALL—acute lymphoblastic leukemia/lymphoma; BMI—body mass index; CNS—central nervous system; IV—intravenous; NPH—neutral protamine Hage-
dorn; SC—subcutaneous; WBC—white blood cell
Note. Based on information from Clore & Thurby-Hay, 2009; Umpierrez et al., 2012.
From “Precursor Lymphoid Neoplasms” (p. 193), by C.M. Handy, M. Olsen, and L.J. Zitella in M. Olsen and L.J. Zitella (Eds.), Hematologic Malignancies in 
Adults, 2013, Pittsburgh, PA: Oncology Nursing Society. Copyright 2013 by Oncology Nursing Society. Reprinted with permission.
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treatment and consist of tachycardia 
and tremors.

(5) Assessment
(a) Thyroid function test
(b) Thyroid autoantibodies
(c) Nuclear medicine scan

(6) Prevention and treatment
(a) Beta-blockers
(b) Carbimazole
(c) For thyroiditis, the treatment is 

steroids.
(d) If hypothyroidism results follow-

ing prolonged hyperthyroidism, 
the treatment is levothyroxine 
1.6 mcg/kg.

(7) Patient and family education
(a) Instruct patients and families to 

report symptoms, such as the fol-
lowing:

i. Palpitations
ii. Diarrhea

iii. Tremors
(b) If thyroid replacement hor-

mone has been initiated, instruct 
patients to take medication taken 
in the morning on an empty stom-
ach.

c) Hypophysit is (González-Rodríguez & 
Rodríguez-Abreu, 2016; Sznol et al., 2017; 
Vazquez, 2017; Villadolid & Amin, 2015; 
Weber et al., 2015)

(1) Pathophysiology: Hypophysitis may 
be due to T-cell–mediated pituitary 
destruction due to CTLA-4 blockade.

(2) Incidence: The prevalence of hypoph-
ysitis is reported as 3.3%–17%.

(3) Risk factors: Male predominance (65% 
of cases)

(4) Manifestations: The most frequent 
complaints associated with hypophysi-
tis are fatigue and headache, with mag-
netic resonance imaging (MRI) show-
ing swelling of the pituitary. Patient 
may also have visual field defects. 
Other manifestations include arthral-
gias, behavioral changes, and loss of 
libido. The usual time to manifesta-
tion of symptoms is 4–24 weeks, and 
they are likely permanent.

(5) Assessment: Prior to treatment, a 
detailed history and physical examina-
tion should be completed. Each patient 
should have laboratory work done con-
sisting of the following:
(a) TSH

(b) Free T4
(c) Pituitary function tests (luteiniz-

ing hormone, follicle-stimulating 
hormone, growth hormone)

(d) Prolactin
(e) Adrenocorticotropic hormone
(f) Cortisol
(g) Testosterone (in men)
(h) Estradiol (in women)

(6) Prevention and treatment
(a) Corticosteroids
(b) For grade 3–4: Withhold treat-

ment.
(c) Asymptomatic: MRI, hormone 

replacement, cortisol replace-
ment one week prior to initiation 
of levothyroxine

(d) Symptomatic: Prednisolone (1–2 
mg/kg), MRI, IV fluids for hypo-
tension, taper steroids over two to 
four weeks followed by hormone 
replacement

(7) Patient and family education: Instruct 
patients and families to report any 
changes.

d) Hyperglycemia (Hwangbo & Lee, 2017)
(1) Pathophysiology: PD-1, which is 

expressed on beta cells of islets (in pan-
creas), is inhibited.

(2) Incidence: Hyperglycemia was found 
to occur in 45%–49% of patients, 
with 3%–6% being grade 3–4. The 
incidence of type 1 diabetes was 0.1%.

(3) Risk factors
(a) Underlying positive glutamic acid 

decarboxylase
(b) Human leukocyte antigen anti-

bodies
(c) Low C-peptide

(4) Manifestations: Elevated blood glu-
cose, which manifests in 1 week to 12 
months

(5) Assessment
(a) Check fasting blood glucose and 

A1c prior to initiation of treatment.
(b) Closely monitor blood glucose dur-

ing treatment.
(6) Prevention and treatment

(a) Blood glucose should be ade-
quately controlled with use of anti-
diabetic medications (oral agents 
or insulin) as well as adequate 
hydration.

(b) In the case of a sudden onset of 
severely elevated blood glucose, 
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admission to the intensive care 
unit and administration of an insu-
lin drip may be required.

(7) Patient and family education
(a) Depending on the severity of 

the blood glucose elevations, the 
patient may need to learn how to 
perform self-monitoring of blood 
glucose as well as insulin injections.

(b) It may also be beneficial for 
patients and their families to 
attend a diabetes self-management 
education class.

(c) All patients should be educated on 
the signs and symptoms of hyper-
glycemia and instructed to report 
any symptoms related to diabetic 
ketoacidosis.

e) Diabetes (Alhusseini & Samantray, 2017; God-
win et al., 2017)

(1) Pathophysiology: Destruction of pan-
creatic beta cells by autoreactive T cells

(2) Incidence: Data are limited to two case 
studies (Alhusseini & Samantray, 2017; 
Godwin et al., 2017).

(3) Risk factors
(a) Previous history of diabetes
(b) Positive antibodies (glutamic acid 

decarboxylase, insulin autoanti-
bodies, insulin antibodies)

(4) Manifestations
(a) Elevated blood glucose
(b) Worsening of hyperglycemia in 

patients with history of type 2 
diabetes

(c) These glucose elevations are com-
monly seen two weeks after initia-
tion of therapy.

(5) Assessment: Blood glucose levels should 
be monitored closely during therapy.

(6) Prevention and treatment
(a) Blood glucose should be ade-

quately controlled with use of anti-
diabetic medications (oral agents 
or insulin) as well as adequate 
hydration.

(b) In the case of a sudden onset of 
severely elevated blood glucose, 
admission to the intensive care 
unit and administration of an insu-
lin drip may be required.

(7) Patient and family education
(a) Depending on the severity of 

the blood glucose elevations, the 
patient may need to learn how to 

perform self-monitoring of blood 
glucose as well as insulin injections.

(b) It may also be beneficial for 
patients and their families to 
attend a diabetes self-management 
education class.

(c) All patients should be educated on 
the signs and symptoms of hyper-
glycemia and instructed to report 
any symptoms related to diabetic 
ketoacidosis.

f) Adrenal insufficiency (Dy & Adjei, 2013; 
Postow & Wolchok, 2018; Villadolid & Amin, 
2015; Weber et al., 2015)

(1) Pathophysiology: Not fully elucidated
(2) Incidence: Occurs more commonly 

with PD-1 and PD-L1 inhibitors, but 
less than 2%

(3) Risk factors: Adrenal insufficiency was 
associated with higher doses (3–10 
mg/kg).

(4) Manifestations
(a) Dehydration
(b) Hypotension
(c) Electrolyte imbalances: Hyperka-

lemia, hyponatremia
(5) Assessment

(a) Check thyroid hormones, elec-
trolytes, adrenocorticotropic hor-
mone, and cortisol levels in one to 
three weeks.

(b) Perform imaging of pituitary 
gland (MRI) within one month.

(c) Obtain an endocrinology consult.
(6) Prevention and treatment

(a) Hormone replacement therapy 
should be given if needed.

(b) Withhold treatment.
(c) If symptoms of adrenal insuffi-

ciency are detected, the patient 
should be hospitalized immedi-
ately and IV steroids initiated.

(7) Patient and family education: Instruct 
patients and families to report signs 
and symptoms of the following:
(a) Dehydration
(b) Hypotension
(c) Hyperkalemia
(d) Hyponatremia
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CHAPTER 23

Fatigue

A. Overview
1. Cancer-related fatigue (CRF) is a “distressing, 

persistent, subjective sense of physical, emotional, 
and/or cognitive tiredness or exhaustion related 
to cancer or cancer treatment that is not propor-
tional to recent activity and interferes with usual 
functioning” (National Comprehensive Cancer 
Network® [NCCN®], 2018, p. FT-1).

2. Multiple factors contribute to this complex syn-
drome in patients with cancer, making it diffi-
cult to identify a clear underlying cause (Bower, 
2014; Gerber, 2017).

3. CRF is underreported, underdiagnosed, and 
undertreated, and healthcare professionals may 
not fully appreciate the degree of distress and 
functional loss that fatigue produces (Borthwick, 
Knowles, McNamara, O’Dea, & Stroner, 2003; 
Hockenberry-Eaton & Hinds, 2000; Vogelzang 
et al., 1997). Fatigue is among the most common, 
distressing, and disabling side effects of cancer 
treatment; it is experienced by patients receiving 
cancer treatment, cancer survivors, and those at 
the end of life (Goedendorp, Gielissen, Verha-
gen, & Bleijenberg, 2013; Ness et al., 2013; Nishi-
mori, Maeda, & Tanimoto, 2013).

4. It can produce profound decrements in physi-
cal, social, cognitive, and vocational function-
ing (Curt & Johnston, 2003; de Jong, Candel, 
Schouten, Abu-Saad, & Courtens, 2006; Escalante 
& Manzullo, 2009); sleep disturbances (Lindqvist, 
Widmark, & Rasmussen, 2004); adverse mood 
changes (Dimeo et al., 2004); and emotional 
and spiritual distress for both patients and fam-
ilies (Borneman et al., 2012; Brown & Kroenke, 
2009; Fitzgerald et al., 2013).

5. NCCN (2018) guidelines recommend that all 
patients with cancer be screened for fatigue at 
their initial visit and at regular intervals across 
the cancer continuum and that fatigue in both 
adults and children should be treated promptly.

B. Pathophysiology: Exact mechanisms are unknown. 
Clinical studies have focused on understanding the 

factors that contribute to CRF. Factors include the 
tumor itself, treatments, and comorbid conditions 
(Davis & Goforth, 2014; H.-J. Kim, Barsevick, Beck, 
& Dudley, 2012; H.T. Kim & Armand, 2013; Kise-
rud et al., 2015; Peters, Goedendorp, Verhagen, van 
der Graaf, & Bleijenberg, 2014; Trudel-Fitzgerald, 
Savard, & Ivers, 2013a, 2013b).
1. Underlying mechanisms of CRF (see Figure 

23-1) are believed to involve several physiologic 
and biochemical systems (Bower, 2014; Saligan 
& Kim, 2012; Saligan et al., 2015). Accumulat-
ing evidence suggests that gene polymorphisms, 
hypothalamic-pituitary-adrenal axis disrup-
tion, altered circadian rhythmicity, diminished 
heart rate variability, immune dysfunction, sero-
tonin dysregulation, mitochondrial dysfunction, 
5-hydroxytryptophan dysregulation, and proin-
flammatory cytokine activity are among the mech-
anisms that directly or indirectly contribute to 
CRF (Barsevick, Frost, Zwinderman, Hall, & Hal-
yard, 2010; Bower & Lamkin, 2013; Dantzer, Hei-
jnen, Kavelaars, Laye, & Capuron, 2014; de Jong, 
Courtens, Abu-Saad, & Schouten, 2002; Filler et 
al., 2014; Goldberg & Giralt, 2013; Hsiao, Wang, 
Kaushal, Chen, & Saligan, 2014; Kamath, 2012; 
E.-J. Kim, Kim, & Cho, 2013; Kisiel-Sajewicz et al., 
2012; Lacourt & Heijnen, 2017; Liu et al., 2012; 
Saligan & Kim, 2012; Wood & Weymann, 2013). 
Studies also suggest that fatigue may be related to 
impairments in neuromuscular metabolism and 
function, distressing symptoms such as pain and 
dyspnea, psychological and coping responses, 
and imbalanced neuroendocrine-immune stress 
responses (Bower, 2014; Karshikoff, Sundelin, & 
Lasselin, 2017). Screening for treatable contrib-
utors to CRF is discussed in D.4.

2. Treatment-related causes: Direct effects of che-
motherapy, hormone therapy, radiation ther-
apy, molecularly targeted agents, immunother-
apy, and combined-modality therapies have all 
been implicated as contributors to the intensity 
of fatigue in patients with cancer (Abdel-Rahman 
et al., 2016; Li & Gu, 2017; Santoni et al., 2015; 
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Figure 23-1. Etiology of Cancer-Related Fatigue
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Wagland et al., 2016). The burden of traveling to 
and from a clinic for treatments and office visits, 
along with the requirements for self-management 
during treatment, can amplify a patient’s level 
of fatigue.

3. Disease process and comorbid conditions, includ-
ing metabolic disorders
a) Endocrine dysfunction, including hypothy-

roidism, adrenal insufficiency, and, in males, 
testicular hypogonadism or androgen defi-
ciency (low testosterone levels)

b) Cardiopulmonary dysfunction (cardiomyop-
athy, bronchiolitis, pneumonitis)

c) Dehydration and electrolyte imbalances
d) Infection
e) Insulin sensitivity: Insulin resistance causes 

abnormal uptake of glucose by muscle and 
increases body fat, contributing to CRF 
(Berger, Gerber, & Mayer, 2012).

f) Uncontrolled concurrent symptoms, such 
as pain, nausea and vomiting, dyspnea, and 
anxiety

g) Side effects of medications that act on the 
central nervous system (e.g., narcotics, anx-
iolytics, antiemetics)

h) Sleep disturbances (NCCN, 2018)
(1) Obstructive sleep apnea
(2) Restless legs syndrome/periodic limb 

movements
(3) Narcolepsy
(4) Insomnia (difficulty falling or stay-

ing asleep, early morning awakening)
(5) Hypersomnia

i) Disease recurrence
j) Anemia: A relationship clearly exists between 

low hemoglobin and fatigue. A decrease in 
red blood cells increases hypoxia-related 
compromise in organ function, which con-
tributes to fatigue (Balducci, 2010).

k) Nutritional deficiencies: Reduced caloric 
intake and imbalances in serum levels of 
sodium, potassium, calcium, iron, and mag-
nesium may contribute to fatigue and affect 
quality of life (NCCN, 2018).

l) Sarcopenia, physical deconditioning, and 
inactivity: Direct effects of the tumor or side 
effects of the treatment regimen often con-
tribute to fatigue through sarcopenia (loss of 
muscle mass), reduced physical activity, car-
diopulmonary deconditioning, and reduced 
muscle strength (Powers, Lynch, Murphy, 
Reid, & Zijdewind, 2016).

m) Psychological distress
n) Depression: Depression may occur concur-

rently or independently of fatigue and has 

a different pattern of expression over time 
(Bower, 2014).

o) Phenotypes/genotypes: Single nucleotide 
polymorphisms, especially in the regulatory 
regions of relevant genes, are thought to con-
tribute to the development of CRF (T. Wang, 
Yin, Miller, & Xiao, 2017).

C. Incidence: Fatigue is one of the most commonly 
reported symptoms experienced by patients receiv-
ing treatment for cancer, and it often persists beyond 
the conclusion of active treatment. Across the cancer 
care continuum, depending on how fatigue is defined 
and measured, estimates of prevalence vary from 
25% to 99% (Campos, Hassan, Riechelmann, & Del 
Giglio, 2011; Dhruva et al., 2013; Humpel & Iverson, 
2010; Langston, Armes, Levy, Tidey, & Ream, 2013; 
Neefjes, van der Vorst, Blauwhoff-Buskermolen, & 
Verheul, 2013; Peters et al., 2014; Weis, 2011).

D. Assessment: Oncology nurses are responsible for 
ensuring that screening for CRF occurs and is docu-
mented at regular intervals across the cancer control 
continuum (Howell et al., 2013). When CRF is pres-
ent, a detailed evaluation of the characteristics, con-
sequences, and potential contributing factors should 
be performed, and fatigue should be managed with 
evidence-based interventions (NCCN, 2018).
1. Brief measures to screen for fatigue are rapid 

and sensitive and can be applied efficiently in 
the clinic to identify individuals who would ben-
efit from more systematic evaluation (Danjoux, 
Gardner, & Fitch, 2007; Goedendorp, Jacobsen, 
& Andrykowski, 2016; Kirsh, Passik, Holtsclaw, 
Donaghy, & Theobald, 2001; Temel, Pirl, Reck-
litis, Cashavelly, & Lynch, 2006).

2. Increased availability of item banks, computer-
ized adaptive testing, electronic collection of 
patient-reported outcomes, and integration of 
patient-reported outcomes into the electronic 
health record may advance the precision, effi-
ciency, interpretation, and actionability of screen-
ing measures for CRF (Lai et al., 2005, 2011, 
2013; Wagner et al., 2015).

3. Multiple measures for CRF screening and evalu-
ation are available (Seyidova-Khoshknabi, Davis, 
& Walsh, 2011; Tomlinson et al., 2013).
a) Single-item, single-dimension measures are 

easy to administer. These include a 0–10 
scale, a visual analog scale, or Likert scales.

(1) On a 0–10 scale (0 = no fatigue, and 10 = 
worst fatigue imaginable), mild fatigue 
is reflected by a score of 1–3; moder-
ate fatigue, a score of 4–6; and severe 
fatigue, a score of 7–10 (NCCN, 2018).
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(2) Fatigue measurement in children is 
simplified. Young children (younger 
than six years old) may just be asked 
if they are “tired” or “not tired.” Valid 
and reliable instruments are available 
to measure fatigue in children and ado-
lescents (NCCN, 2018).

(3) If fatigue is absent or mild (score 0–3), 
patients and family members should 
receive anticipatory guidance about 
fatigue and available strategies for pre-
vention and management (e.g., exer-
cise, relaxation, stress management).

(4) When fatigue is rated as moderate to 
severe (4–10), a focused history and 
physical examination should be con-
ducted as part of the primary evalu-
ation phase.

b) More than 20 self-report measures (includ-
ing single-item measures, multi-item uni-
dimensional scales, and multidimensional 
inventories) have been developed to measure 
fatigue in adults and children with cancer 
(Seyidova-Khoshknabi et al., 2011; Tomlin-
son et al., 2013). Consideration of the mea-
surement properties and strengths and lim-
itations of these instruments, including psy-
chometric properties, sensitivity to change, 
and the availability of normative values to 
aid interpretation, together with practical 
issues such as respondent burden and avail-
ability of the measure in multiple languages, 
should guide decisions about the feasibility 
and utility of a measure for specific clinical 
or research purposes (Barsevick, Cleeland, 
et al., 2010).

4. NCCN (2018) guidelines recommend that CRF 
be assessed using a two-tiered approach. Every 
patient should be screened for the presence of 
fatigue, and if present, fatigue should be assessed 
quantitatively on a 0–10 scale (0 = no fatigue, and 
10 = worst fatigue imaginable). Patients with a 
severity of 4 or greater should be further evalu-
ated by history and physical examination.
a) A detailed history includes the presence, inten-

sity, and pervasiveness of fatigue; its course 
over time; exacerbating or relieving factors; 
the effectiveness of the self-management 
interventions the patient has tried for fatigue; 
and the impact of fatigue on functioning and 
level of distress.

b) A complete review of systems should be per-
formed.

c) Etiologic or potentiating factors that may 
contribute to CRF and that may be treatable 

should be evaluated. These factors include 
hypothyroidism, hypogonadism, adrenal 
insufficiency, cardiomyopathy, pulmonary 
dysfunction, anemia, neutropenia, cachexia, 
sleep disturbance, fluid and electrolyte imbal-
ances, emotional distress, and uncontrolled 
concurrent symptoms (Alesi & del Fabbro, 
2014; Berger, Yennu, & Million, 2013; Hor-
neber, Fischer, Dimeo, Rüffer, & Weis, 2012; 
Koornstra, Peters, Donofrio, van den Borne, 
& de Jong, 2014; Neefjes et al., 2013; X.S. 
Wang & Woodruff, 2015; Weis, 2011).

d) Evaluation should also include whether dis-
ease progression or recurrence could be 
among the causes of fatigue.

e) The medication profile should be reviewed 
to identify specific classes of medications 
(including over-the-counter medications) 
that have fatigue as a potential side effect. 
Polypharmacy is common in patients with can-
cer. Many drugs alone (e.g., antihistamines, 
beta-blockers) or in combination may sig-
nificantly compound fatigue (Savard, Ivers, 
Savard, & Morin, 2015; X.S. Wang et al., 2014; 
Zlott & Byrne, 2010). See Table 23-1.

f) Other components of a comprehensive 
fatigue evaluation

(1) Nutritional and metabolic evaluation: 
Improving dietary intake, with appro-
priate caloric intake, often can improve 
fatigue symptoms. Fluids and electro-
lytes should be assessed. Specifically, 
imbalances in sodium, potassium, 
calcium, iron, and magnesium can 
be reversed with appropriate supple-
mentation, which may improve fatigue 
(NCCN, 2018).

(2) Evaluation for symptoms such as nau-
sea and vomiting, taste changes, and 
bowel changes (e.g., obstruction, con-
stipation, diarrhea), which may inter-
fere with nutritional intake and affect 
fatigue level

(3) Physical activity level

E. Collaborative management
1. Screen for treatable causes of fatigue and man-

age as indicated, including concurrent distress-
ing symptoms, physical deconditioning, endocri-
nopathies, emotional distress, and sedation sec-
ondary to specific medication classes.

2. Exercise (physical activity): Across tumor types 
and at different places on the cancer contin-
uum, the accumulated evidence strongly sup-
ports exercise as an intervention to manage CRF 
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(Hilfiker et al., 2017; Mitchell et al., 2014; NCCN, 
2018; Schmitz et al., 2010). All patients with can-
cer should be encouraged to maintain an opti-
mum level of physical activity during and follow-
ing cancer treatment. Exercise improves aerobic 
capacity, prevents muscle loss and decondition-
ing, and may favorably affect sleep quality, psy-
chological stress, mood, and quality of life (Ger-
ritsen & Vincent, 2016).
a) Exercise intensity, frequency, and type of 

activity need further study to determine the 
most beneficial program for each individ-
ual and stage of disease. Referral for struc-
tured rehabilitation may be helpful and has 
been shown to be an effective intervention 
for CRF (Mitchell et al., 2014; NCCN, 2018).

b) National guidelines recommend that 
patients aim for at least 150 minutes of 
moderate-intensity physical activity (brisk 
walking, bicycling, swimming, deep water 
walking/running) each week. Strength train-
ing (all major muscle groups, 10 repetitions, 
1–3 sets per exercise) should be performed 
two times weekly.

c) Other types of physical activity, including 
yoga, Pilates, tai chi, or organized sports, 
can also be incorporated.

d) Provide referrals to community-based exer-
cise programs, comprehensive rehabilita-
tion programs, or an exercise professional 
(e.g., physical therapist, exercise trainer, 
physiatrist).

e) Exercise programs must be undertaken with 
caution and only after medical clearance for 
patients with bone metastasis, immunosup-
pression or neutropenia, fever, thrombocy-
topenia, anemia, peripheral neuropathy, risk 
for falls, or treatment complications.

f) Medical clearance should be obtained prior 
to initiating an exercise program for patients 
with osteoporosis, bone metastases, neurop-
athy, neurologic disorders, weakness, car-
diopulmonary dysfunction, arrhythmia, 
chest pain, shortness of breath, peripheral 
edema, or history of coronary artery dis-
ease. Patients with compromised immunity 
require clearance before using public gyms 
or pools. Patients with a tunneled or periph-

Table 23-1. Drug Classifications and Pharmacologic Agents Associated With Fatigue

Drug Classification Examples Potential Adverse Effects

Anticholinergics Oxybutynin, tolterodine, trospium chloride Fatigue, sedation

Anticonvulsants Carbamazepine, gabapentin, pregabalin Sedation, daytime sleepiness

Antidepressants Paroxetine, sertraline Sedation, daytime sleepiness

Antiemetics Haloperidol, metoclopramide, prochlorperazine, scopol-
amine

Sedation, daytime sleepiness

Antihistamines Diphenhydramine, hydroxyzine Sedation, daytime sleepiness

Anxiolytics, sedatives, hyp-
notics

Alprazolam, chloral hydrate, chlordiazepoxide, clonaze-
pam, diazepam, doxepin, lorazepam, zolpidem

Sedation, daytime sleepiness

Barbiturates Phenobarbital, secobarbital Sedation, daytime sleepiness

Beta-blockers Atenolol, carvedilol, metoprolol Bradycardia

Cannabinoids Dronabinol, nabilone Sedation, daytime sleepiness

Corticosteroids Dexamethasone, prednisone Sleep disturbances, proximal muscle 
weakness

Hormonal anticancer treat-
ments

Androgen deprivation therapy, aromatase inhibitors, selec-
tive estrogen receptor modulators

Sarcopenia, fatigue, muscle weakness

Opioid analgesics Codeine, fentanyl, hydrocodone, hydromorphone, metha-
done, morphine, oxycodone

Sedation, daytime sleepiness

Skeletal muscle relaxants Baclofen Sedation, daytime sleepiness, muscle 
weakness

Note. Based on information from Savard et al., 2015; X.S. Wang et al., 2014; Zlott & Byrne, 2010.



542

erally inserted central venous catheter must 
avoid swimming.

g) Programs should be initiated slowly so the 
patient’s tolerance can be assessed. Activity 
can be modified or advanced as the patient’s 
condition changes (NCCN, 2018). Walking, 
cycling, swimming, resistance training, and 
a combination of these have been evaluated 
and are reasonable modalities for patients to 
choose. Programs that are too vigorous dur-
ing treatment may increase fatigue.

h) Mobile health tools such as activity monitors, 
smartphone apps, and social media may help 
to strengthen motivation and adherence.

i) Relative contraindications to exercise include 
nonhealed surgical wounds, extreme fatigue, 
severe anemia, ataxia, and acute arm or shoul-
der problems, including lymphedema (avoid 
upper body exercises).

j) Instruct patients to stop exercise and contact a 
member of their healthcare team if they expe-
rience dizziness, blurred vision, fainting, sud-
den onset of nausea or vomiting, unusual or 
sudden shortness of breath, irregular heart-
beat, palpitations, chest pain, leg or calf pain, 
bone or joint pain, muscle cramping, or sud-
den onset of muscle weakness. During treat-
ment and immediately following its comple-
tion, patients should be encouraged to exer-
cise with a partner, caregiver, or exercise pro-
fessional for safety reasons.

3. Yoga: Evidence from controlled trials shows that 
yoga is effective in reducing fatigue, particu-
larly in breast cancer survivors (Bower et al., 
2012; Kiecolt-Glaser et al., 2014; Vardar Yağlı 
et al., 2015). However, five systematic reviews 
(Buffart et al., 2012; Felbel, Meerpohl, Monsef, 
Engert, & Skoetz, 2014; Harder, Parlour, & Jen-
kins, 2012; Sadja & Mills, 2013; Zhang, Yang, 
Tian, & Wang, 2012) all concluded that due to 
a high risk of bias in the studies, the effective-
ness of yoga on fatigue outcomes has not been 
sufficiently established as effective in reducing 
fatigue across a wide range of patient popula-
tions or at all points in the cancer continuum.

4. Tai chi and qigong have shown beneficial effects 
on fatigue outcomes in randomized clinical tri-
als; however, study results should be interpreted 
cautiously because of heterogeneous study qual-
ity and high risk of bias (Xiang, Lu, Chen, & Wen, 
2017; Zeng, Luo, Xie, Huang, & Cheng, 2014).

5. Structured rehabilitation improves fatigue out-
comes, particularly in cancer survivors (Egan 
et al., 2013; Mitchell et al., 2014; Scott et al., 
2013). The rehabilitation interventions tested 

were generally multicomponent interventions 
that included a combination of exercise, psy-
choeducational support, mind–body thera-
pies, and physical modalities such as manual 
lymph drainage.

6. Psychoeducational interventions: Consistent evi-
dence shows that psychoeducational interven-
tions including anticipatory guidance, energy 
conservation, coaching to enhance self-efficacy, 
goal setting, and emotional support improve 
fatigue outcomes, although effect sizes may be 
small (Bennett et al., 2016; Duijts, Faber, Olden-
burg, van Beurden, & Aaronson, 2011; Fors et al., 
2011; Goedendorp, Gielissen, Verhagen, & Blei-
jenberg, 2009; Howell, Harth, Brown, Bennett, 
& Boyko, 2017; Kangas, Bovbjerg, & Montgom-
ery, 2008; Larkin, Lopez, & Aromataris, 2014; 
Pachman, Price, & Carey, 2014).
a) Psychoeducational interventions that have 

been shown to be effective include anticipa-
tory guidance about patterns of fatigue, coun-
seling and supportive psychotherapy, cogni-
tive behavioral therapy (CBT), care coordi-
nation, and recommendations for energy 
conservation and self-management (e.g., 
exercise, lifestyle changes to improve sleep 
quality), together with coaching, praise, and 
encouragement to augment feelings of con-
trol and promote self-efficacy. Principles of 
patient and family education are detailed 
later in this chapter.

b) CBT approaches (with or without hypnosis) 
for fatigue, depression, or pain are generally 
promising for the relief of CRF in a variety 
of patient populations during and following 
cancer treatment (Carlson et al., 2017; Cra-
mer et al., 2015; Duijts et al., 2011; Kwekke-
boom, Cherwin, Lee, & Wanta, 2010).

c) Energy conservation: NCCN (2018) guide-
lines describe the goal of energy conserva-
tion as maintaining balance between rest and 
activity so that valued activities can be main-
tained during periods of high fatigue. This 
is a learned process for each patient and is 
dictated by the patient’s disease experience.

(1) Instruct patients to delegate activities, 
pace themselves, take extra rest peri-
ods, plan high-energy activities at times 
of peak energy, and conserve energy for 
valued activities (NCCN, 2018).

(2) Recommend energy-saving devices 
(e.g., raised toilet seats, grabber tools, 
seated walkers, wheelchairs).

7. Control concurrent symptoms (e.g., pain, 
depression, shortness of breath): Interven-
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tions for management of concurrent symptoms 
that have demonstrated an impact on fatigue 
outcomes include an advanced practice nurs-
ing intervention that incorporated systematic 
symptom monitoring (de Raaf et al., 2013) and 
symptom-focused palliative care interventions 
(Kao, Hu, Chiu, & Chen, 2014; Yennurajalin-
gam et al., 2011).

8. Improve sleep quality: CBT for insomnia (CBT-I) 
to optimize sleep quality has been shown to 
decrease CRF (Johnson et al., 2016; Mitchell et 
al., 2014; NCCN, 2018).
a) These interventions to improve sleep quality 

can be effectively delivered individually, in a 
group setting, or via the web.

b) CBT-I may take several weeks of steady prac-
tice to become fully effective and usually 
requires four to eight 30-minute sessions with 
a behavioral sleep therapist, such as a nurse, 
psychologist, or other professional.

c) Components of CBT-I
(1) Stimulus control: Go to bed only when 

sleepy, use the bed/bedroom for sleep 
and sexual activities only, and main-
tain a consistent presleep routine and a 
consistent time to lie down and get up.

(2) Sleep consolidation: Limit the amount 
of time in bed, including naps.

(3) Sleep hygiene: Avoid caffeine late in 
the day, and provide a comfortable 
sleep environment to promote a good 
night’s sleep.

(4) Intervention components also include 
relaxation training and strategies to 
reduce cognitive-emotional arousal 
(e.g., keep at least an hour to relax 
before going to bed, establish a pre-
sleep routine to be used every night).

9. Meditation, mindfulness-based stress reduc-
tion, and cognitive behavioral stress manage-
ment have been shown in several randomized 
controlled trials to improve both fatigue sever-
ity and fatigue-related daytime interference in 
women receiving treatment for breast cancer and 
in survivors who have completed treatment for 
breast or colorectal cancer (Haller et al., 2017; 
Mitchell et al., 2014; NCCN, 2018). These inter-
ventions also favorably affect fatigue-related bio-
markers (Carlson et al., 2017).

10. Progressive muscle relaxation with or without 
imagery, relaxation breathing, coping skills train-
ing, or distraction delivered in a series of ses-
sions has demonstrated effectiveness in improv-
ing fatigue outcomes (Carlson et al., 2017; Hil-
fiker et al., 2017).

11. Bright-light therapy has been shown in con-
trolled trials to prevent deterioration in 
patients with CRF during chemotherapy 
for breast cancer (Ancoli-Israel et al., 2012; 
Redd et al., 2014) and in cancer survivors 
post-treatment ( Johnson et al., 2018), poten-
tially by protecting recipients from circadian 
rhythm desynchronization (Neikrug et al., 
2012). Trials of this promising therapy are 
ongoing in other patient populations.

12. Evidence for the effectiveness of acupuncture, 
acupressure, self-acupuncture, and electroacu-
puncture in reducing CRF has been summarized 
in nearly a dozen meta-analyses or systematic 
reviews (Chien, Liu, & Hsu, 2013; Finnegan-John, 
Molassiotis, Richardson, & Ream, 2013; Garcia 
et al., 2013; He, Wang, & Li, 2013; Johnston et 
al., 2011; Kilian-Kita, Puskulluoglu, Konopka, 
& Krzemieniecki, 2016; Lau et al., 2016; Molas-
siotis et al., 2012, 2013; O’Regan & Filshie, 2010; 
Posadzki et al., 2013; Smith, Carmady, Thorn-
ton, Perz, & Ussher, 2013; Tao et al., 2016; 
Towler, Molassiotis, & Brearley, 2013; Zeng et 
al., 2014). While a majority of these reviews con-
cluded that acupuncture and acupressure inter-
ventions are beneficial, acceptable, and well tol-
erated, the authors drew somewhat conflicting 
conclusions about whether these interventions 
were ready for translation into practice (Azad & 
John, 2013; Ernst & Posadzki, 2013; Molassiotis, 
2013a, 2013b; Molassiotis & Richardson, 2013), 
and all have urged for additional study using rig-
orous trial designs.

13. Complementary and integrative therapies: Evi-
dence is emerging from small trials that comple-
mentary therapies including polarity therapy, 
moxibustion, healing touch, Reiki, and massage 
may improve CRF (Carlson et al., 2017; Hilfiker 
et al., 2017; Mao et al., 2016; Mitchell et al., 2014; 
Viscuse et al., 2017). Continued study of these 
potentially promising interventions with longer 
follow-up and active control conditions is war-
ranted. Complementary and integrative medi-
cine strategies such as these are well tolerated 
and may be particularly useful when strategies 
such as exercise are contraindicated or infeasi-
ble. They can be considered to augment other 
treatment approaches for fatigue such as yoga, 
relaxation, or CBT.

14. Pharmacologic interventions: Because the exact 
pathophysiology of CRF is obscure, pharmaco-
therapy is empiric or geared toward reversing pos-
sible contributing factors such as anemia, poor 
nutrition, or depression (Bower, 2014; Minton, 
Richardson, Sharpe, Hotopf, & Stone, 2008).
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a) Erythropoiesis-stimulating agents (ESAs): 
Data from several systematic reviews suggest 
that patients receiving recombinant human 
erythropoietin to correct anemia less than 
10 g/dl may experience increased vigor 
and diminished fatigue (Bohlius, Tonia, & 
Schwarzer, 2011; Eton & Cella, 2011; Tonia & 
Bohlius, 2011), but only limited evidence sup-
ports that ESAs improve fatigue when anemia 
is less severe (Bohlius et al., 2014; Grant et al., 
2013). A target hemoglobin level of 11–12 g/
dl will produce the greatest gains in fatigue 
and other quality-of-life outcomes (Eton & 
Cella, 2011). Although ESAs are generally well 
tolerated, because of safety issues, the use of 
these agents specifically for the management 
of fatigue is not recommended (Bormanis 
et al., 2013; Gao, Ma, & Lu, 2013; Wauters & 
Vansteenkiste, 2012). National clinical prac-
tice guidelines (Lichtin, 2011; NCCN, 2018; 
Rizzo et al., 2010) and the guidance of the 
U.S. Food and Drug Administration (2016) 
should be used to weigh risks and benefits 
and to guide the management of patients 
receiving ESAs.

b) Antidepressants have been recommended as 
treatment for fatigue when depression is sug-
gested as a causal factor. In particular, par-
oxetine, bupropion, and venlafaxine have 
been studied. Although these drugs may be 
helpful in alleviating depression, studies have 
not demonstrated a benefit compared to pla-
cebo in nondepressed patients with fatigue, 
and they are not recommended specifically 
to lessen fatigue (Mitchell et al., 2014; Mücke 
et al., 2016; NCCN, 2018). Small trials have 
also shown a trend toward a possible benefit 
for antidepressant agents in treating fatigue 
in two distinct subpopulations: women expe-
riencing hot flashes (Carpenter et al., 2007; 
Weitzner, Moncello, Jacobsen, & Minton, 
2002) and patients receiving interferon alfa 
(Capuron et al., 2002).

c) Several systematic reviews have concluded 
that preliminary evidence supports the use 
of psychostimulants (methylphenidate, dex-
methylphenidate, modafinil) to treat CRF 
(Breitbart & Alici, 2010; Gong et al., 2014; Min-
ton, Richardson, Sharpe, Hotopf, & Stone, 
2011; Portela, Rubiales, & Centeno, 2011; 
Qu et al., 2016; Yennurajalingam & Bruera, 
2014a). However, given the mixed evidence 
for efficacy (Moraska et al., 2010; Spathis et 
al., 2014) and a concern about the potential 
for side effects (headache, insomnia, agita-

tion, anorexia, nausea, vomiting, and dry 
mouth), the use of these agents outside of 
clinical trials has been discouraged (Bar-
ton, 2014; Ruddy, Barton, & Loprinzi, 2014).

d) Corticosteroids (prednisone and dexameth-
asone) have short-term efficacy in ameliorat-
ing CRF. Given the potential detrimental side 
effects of muscle wasting and infection with 
long-term use, it is difficult to draw defini-
tive conclusions about the risk–benefit pro-
file (Franco, William, Poon, & Azad, 2014; 
Yennurajalingam & Bruera, 2014a, 2014b; 
Yennurajalingam et al., 2013).

e) Megestrol acetate is widely used for appetite 
improvement, and its safety and efficacy have 
been confirmed in treating cancer cachexia. 
However, a meta-analysis of the four trials that 
compared progestational steroids with pla-
cebo found no difference in the two arms for 
reducing CRF (NCCN, 2018; Payne, Wiffen, 
& Martin, 2012).

f) Androgen replacement therapy: Although 
male hypogonadism is thought to be a con-
tributor to fatigue (Vigano et al., 2010), a 
blinded, placebo-controlled trial of testos-
terone replacement in a small sample of men 
with advanced cancer did not improve fatigue 
endpoints (Del Fabbro et al., 2013).

g) Thyrotropin-releasing hormone improved 
fatigue outcomes in a small, pilot, random-
ized, placebo-controlled crossover study in 
eight patients with cancer who also had sig-
nificant fatigue (Kamath, Feinn, & Win-
okur, 2012).

h) Targeted anticytokine therapy may have 
favorable effects on CRF (Monk et al., 2006; 
Tookman, Jones, DeWitte, & Lodge, 2008); 
however, small sample sizes and the nonran-
domized uncontrolled study design limit the 
strength of the conclusions that can be drawn.

i) Ginseng: Wisconsin ginseng, Asian ginseng, 
and fermented red ginseng extract were effec-
tive in improving fatigue outcomes in patients 
during and following cancer treatment (Bar-
ton et al., 2013; Jiang et al., 2017; H.S. Kim 
et al., 2017; Yennurajalingam et al., 2015).

j) Several nutritional and herbal supplements 
(e.g., guarana, essiac, valerian, vitamin sup-
plements, zinc, levocarnitine, coenzyme Q10, 
mistletoe extract) and combined modality 
interventions that incorporate several com-
plementary therapies (e.g., megestrol acetate 
and omega-3 fatty acid supplementation) have 
also been evaluated with mixed evidence for 
efficacy (Mitchell et al., 2014; NCCN, 2018). 
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Interpretation of the study outcomes in these 
trials is limited by small sample sizes and the 
predominantly single-arm, open-label study 
designs (Mitchell et al., 2014).

F. Patient and family education
1. Management of fatigue originates with the pri-

mary oncology team with assessment of fatigue as 
a symptom related to treatment and disease sta-
tus. This begins with an initial screening and then 
expands to a more focused evaluation for mod-
erate to higher levels of fatigue (NCCN, 2018).

2. Inform patients and family members that fatigue 
is a major symptom related to the disease and 
treatment process and that patterns are variable 
and not necessarily an indication of treatment 
failure or disease progression. Explain the mul-
tifactorial causes of fatigue, including psycho-
social stressors, concurrent symptoms, sleep dis-
turbances, muscle weakness and deconditioning, 
sedating side effects of medications, and proin-
flammatory cytokine release.

3. Daily self-monitoring of fatigue levels in a log 
or diary can be helpful (NCCN, 2018). Encour-
age patients to differentiate facets of the fatigue 
experience (fatigue, tiredness, weakness, cog-
nitive slowing) and to document the use and 
effectiveness of self-management interventions 
(exercise, sleep, progressive muscle relaxation, 
meditation).

4. Offer anticipatory guidance about possible pat-
terns of fatigue occurrence (e.g., at nadir; with 
conclusion of radiation therapy; in association 
with boredom, excess activity, and impaired sleep 
quality or stress).

5. Develop and tailor an individualized plan for 
fatigue management.

6. Inform patients and families that interventions 
such as energy conservation, exercise, relax-
ation and stress management, psychosocial sup-
port, and measures to optimize sleep quality and 
reduce concurrent symptoms have been shown 
to be effective in limiting the severity of fatigue 
during treatment.

7. Teach energy conservation strategies and other 
self-management techniques and provide coach-
ing to enhance self-efficacy and to integrate these 
techniques into daily life.

8. Provide information concerning the importance 
of a balanced diet with adequate intake of fluid, 
calories, protein, carbohydrates, fat, vitamins, 
and minerals (NCCN, 2018).

9. Instruct patients in implementing a balanced 
exercise program (e.g., walking, stretching, and 
strength training). Encourage patients to con-

tinue normal activities and to remain as active as 
possible during treatment. Following treatment, 
the exercise program should be advanced as toler-
ated, gradually building up the length and inten-
sity of physical activity to meet national guide-
lines of at least 150 minutes of moderate-intensity 
physical activity each week. Offer referrals to 
exercise professionals and community-based 
exercise programs.

10. Offer information and referrals to counseling 
or a support group (in person or online). Sup-
portive expressive therapies, counseling, and 
journal writing may serve as an emotional out-
let, as well as an avenue for support and encour-
agement (NCCN, 2018). Oncology nurses fre-
quently provide this one-on-one education and 
support for patients.

11. Care planning
a) Causes of CRF often are overlapping and 

may evolve across the cancer continuum 
from diagnosis to treatment to survivorship 
or end of life. Intervention approaches for 
each patient are therefore symptom oriented 
and individualized.

b) The care plan should be regularly revised 
based on goals, preferences, response, and 
tolerance.

c) A multimodal approach that includes exer-
cise, psychoeducational interventions, man-
agement of concurrent symptoms, and 
efforts to improve sleep quality, together 
with judicious use of complementary ther-
apies such as relaxation, massage, acupunc-
ture or bright-light therapy, offers the great-
est likelihood of success and is consistent 
with evidence-based guidelines from NCCN 
(2018) and the Oncology Nursing Society 
(Mitchell et al., 2014).

d) Consideration may be given to a trial 
of antidepressants, psychostimulants, 
wakefulness-promoting agents, corticoste-
roids, or ginseng in specific clinical circum-
stances.
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CHAPTER 24

Neurologic Toxicities

A. Overview
1. Neurotoxicity refers to injury to the brain and spi-

nal cord (central nervous system [CNS]) or the 
peripheral nervous system (nervous system out-
side of the brain and spinal cord) caused by expo-
sure to natural or manufactured toxic substances.

2. Cancer therapies can induce a range of toxic side 
effects (see Table 24-1) on nervous tissue, result-
ing in significant morbidity and mortality, many 
of which persist beyond the treatment period.

3. Neurologic toxicity from cancer therapies is a 
common problem for patients and second only 
to myelosuppression as a root cause of dose mod-
ification or discontinuation (Magge & DeAnge-
lis, 2015).

4. Besides this potential to limit the overall ther-
apeutic efficacy of the cancer treatment itself, 
neurologic sequelae have become some of the 
most important challenges in patient survivor-
ship (Wick, Hertenstein, & Platten, 2016).

5. Neurotoxicity presents most frequently as fatigue 
and peripheral neuropathies (see Table 24-2), 
although a wide range of clinical symptoms have 
been reported.

6. Acute toxicities such as seizure, encephalopa-
thy, and cerebrovascular events such as throm-
boembolic stroke or hemorrhage require imme-
diate intervention.

7. It therefore is critical that oncology nurses reg-
ularly assess for and recognize early neurotox-
icity to allow for rapid diagnosis, treatment, and 
dose adjustment to mitigate the risk of irrevers-
ible neurologic impairment.

B. Radiation-induced CNS toxicity
1. Neurotoxicity is often the result of synergistic 

effects of concurrent chemotherapy and radiation. 
2. General neurotoxicities: Direct or ancillary expo-

sure of nervous tissue to radiation therapy car-
ries risk of neurologic injury. General neurotox-
icities result from permeating injury to brain tis-
sue with accompanying nonspecific symptoms, 
such as headache, fatigue, and nausea.

a) Pathophysiology: Radiation delivered to the 
entire brain (whole brain radiation ther-
apy), partial brain radiation therapy, or tar-
geted radiation therapy (stereotactic radio-
surgery, Gamma Knife®) causes irreversible 
injury to brain tissue that frequently results 
in the death of healthy brain tissue as well as 
tumor tissue. Swelling of the brain and menin-
ges following radiation can further potenti-
ate injury, and this edema often is the root 
cause of acute neurotoxicity. Delayed neuro-
toxicities are frequently attributed to demy-
elination or vasculopathy (E.L. Lee & West-
carth, 2012).

b) Incidence: Radiation therapy is often syn-
ergistic with chemotherapy but carries an 
independent risk of neurotoxicity. Incidence 
and severity vary according to multiple fac-
tors, including radiation dose and type, sites 
treated, and body mass index. Generally, the 
most frequently reported toxicities include 
fatigue and headache, whereas the least com-
mon are radiation-induced secondary tumors.

c) Clinical manifestations: Neurologic sequelae 
often are described temporally to the admin-
istration of radiation therapy as acute (during 
or immediately after treatment), early-delayed 
(weeks to months following treatment), and 
late-delayed (months to years following treat-
ment).

(1) Acute through early-delayed symptoms 
are generally reversible and include 
headache, fatigue, nausea, irritability, 
somnolence, and encephalopathy and 
may be associated with fever, vomit-
ing, drowsiness, and exacerbation of 
focal deficits (Arrillaga-Romany & Diet-
rich, 2012).

(2) Delayed neurotoxicity from radia-
tion therapy includes leukoenceph-
alopathy, necrosis, cystic degenera-
tion, hydrocephalus, cerebrovascu-
lar events such as infarct or hemor-
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Table 24-1. Central Neurotoxicity in Chemotherapy, Immunotherapy, and Targeted Therapies

Adverse Effect Signs and Symptoms Reported Agents Potential Treatment

Cerebellar syndrome Ataxia
Altered mental status
Dysarthria
Dysmetria
Dysphagia
Gait imbalance
Nystagmus
Somnolence

Altretamine
Bortezomib
Capecitabine
Cytarabine
5-Fluorouracil
Nelarabine
Oxaliplatin
Procarbazine
Rituximab
Thalidomide
Trastuzumab
Vincristine

Discontinue drug.

Acute encephalopathy Agitation
Cerebellar ataxia
Cognitive dysfunction
Confusion
Disorientation
Lethargy
Loss of consciousness
Seizure

Altretamine
Azacitidine
Blinatumomab
Bortezomib
CAR T cells
Carmustine
Cisplatin
Cytarabine
Etoposide
Fludarabine
Ifosfamide
Interferon alfa
Interleukin-2
L-Asparaginase
Methotrexate
Mitomycin C
Nelarabine
Nitrosoureas
Procarbazine
Tamoxifen
Thalidomide
Thiotepa
Vincristine

Implement drug interruption 
with steroid course, or dis-
continue drug.

Posterior reversible encepha-
lopathy syndrome

Altered mental status
Confusion
Headache
Hypertension
Lethargy
Seizure
Visual disturbances
Vomiting

Bevacizumab
Carboplatin
Cisplatin
Doxorubicin
5-Fluorouracil
Gemcitabine
Ifosfamide
Imatinib
Ipilimumab
Methotrexate
Nelarabine
Rituximab
Sirolimus
Sorafenib
Sunitinib
Tacrolimus
Vincristine

Discontinue drug.
Stabilize blood pressure.
Consider antiepileptic therapy/

prophylaxis.

Myelopathy Back pain
Incontinence
Numbness
Weakness

Cytarabine
Methotrexate
Thiotepa

Initiate steroids.

(Continued on next page)
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Table 24-1. Central Neurotoxicity in Chemotherapy, Immunotherapy, and Targeted Therapies (Continued)

Adverse Effect Signs and Symptoms Reported Agents Potential Treatment

Cerebrovascular events 
(thromboembolism, hemor-
rhage, ischemia)

Decreased alertness
Difficulty speaking
Headache
Loss of consciousness
Nausea/vomiting
Neurologic deficit
Seizure
Weakness

Bevacizumab
Cisplatin
L-Asparaginase
Methotrexate
Sorafenib
Sunitinib
Vandetanib
VEGF Trap

Replace electrolytes.
Pause or discontinue drug.

Aseptic meningitis Fever
Headache
Nausea/vomiting
Photophobia
Protein, white blood cells in 

cerebrospinal fluid
Stiff neck

Cetuximab
Cytarabine
Ipilimumab
IV immunoglobulin
Methotrexate
Rituximab

Discontinue drug.
Reverse immune deficiency.
Initiate steroids.

Seizures Altered mental status
Involuntary jerking
Loss of consciousness
Staring spells
Temporary confusion
Violent movements of arms/

legs

Amsacrine
Busulfan
CAR T cells
Carmustine
Chlorambucil
Cisplatin
Cytarabine
Dacarbazine
Etoposide
5-Fluorouracil
Fludarabine
Gemcitabine
Ifosfamide
L-Asparaginase
Methotrexate
Nelarabine
Paclitaxel
Teniposide
Thalidomide
Vincristine

Replace electrolytes.
Pause or discontinue drug.

Progressive multifocal leukoen-
cephalopathy

Ataxia
Confusion
Loss of vision
Personality change
Speech disturbance

Alemtuzumab
Brentuximab
Carmustine
Cytarabine
Fludarabine
Ibrutinib
Ifosfamide
Infliximab
Methotrexate
Rituximab
Thalidomide
Vincristine

Discontinue drug.
Reverse immune deficiency.
Initiate steroids.

Hypophysitis Fatigue
Headache
Visual disturbances

Atezolizumab
Ipilimumab
Nivolumab
Pembrolizumab

Discontinue drug.
Initiate steroids.
Consider hormone replace-

ment.

(Continued on next page)
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rhage, radiation-induced tumors, 
parenchymal calcifications, brain 
atrophy, and cognitive impairment 
(Arrillaga-Romany & Dietrich, 2012).

d) Assessment: Diagnosis is typically by patient 
self-report of symptoms. Careful neurologic 
assessment may reveal focal deficits or altered 
mental status and encephalopathy. Leukoen-
cephalopathy, cystic degeneration, hydroceph-
alus, cerebrovascular events, secondary tumors, 
and parenchymal calcifications usually are seen 
radiographically; however, surgical biopsy may 
be required to achieve the final diagnosis.

e) Collaborative management: Acute toxicities 
are managed with careful treatment planning 
and directed pharmacologic intervention—
for example, steroids for swelling or antiemet-
ics for nausea and vomiting. Delayed toxicities 
such as hydrocephalus, cerebrovascular events, 
and the development of radiation-induced 
tumors often require surgical intervention. 
For other types (e.g., brain atrophy, cognitive 
impairment, parenchymal calcifications), no 
treatment options may be available.

3. SMART syndrome: SMART stands for stroke-like 
migraine attacks after radiation therapy. It is a 

delayed neurotoxic effect occurring 1–30 years 
following radiation treatment to the brain (Stone 
& DeAngelis, 2016).
a) Pathophysiology: The etiology is uncertain, 

but symptoms likely stem from neuronal dys-
function rather than cerebral vascular pathol-
ogy (Stone & DeAngelis, 2016).

b) Incidence: SMART syndrome is rare, but the 
condition is likely underreported.

c) Clinical manifestations: Symptoms can 
include headache, focal neurologic deficits, 
drowsiness, altered mental status, and sei-
zures (Lim, Brooke, Dineen, & O’Donoghue, 
2016; Stone & DeAngelis, 2016).

d) Assessment: Radiographic imaging may help 
rule out other differential diagnoses (e.g., sec-
ondary mass, radiation necrosis), but find-
ings are otherwise nonspecific and nondi-
agnostic. Diagnosis is achieved by patient 
report of symptoms, treatment history, care-
ful neurologic examination, and the elimi-
nation of organic causes (Lim et al., 2016; 
Stone & DeAngelis, 2016).

e) Collaborative management: Antimigraine 
therapies (e.g., valproic acid) have been 
used with some success to prevent the onset 

Table 24-1. Central Neurotoxicity in Chemotherapy, Immunotherapy, and Targeted Therapies (Continued)

Adverse Effect Signs and Symptoms Reported Agents Potential Treatment

Headache Pain
Pressure

Altretamine
Bevacizumab
CAR T cells
Cetuximab
Dabrafenib
Dasatinib
Etoposide
Fludarabine
Imatinib
Ipilimumab
Ixabepilone
L-Asparaginase
Mechlorethamine
Methotrexate
Nelarabine
Retinoic acid
Rituximab
Tamoxifen
Temozolomide
Trastuzumab
Vemurafenib

Discontinue drug.
Initiate steroids.
Consider hormone replace-

ment.

Ototoxicity Hearing loss
Tinnitus

Carboplatin
Cisplatin
Oxaliplatin

Discontinue drug.

CAR—chimeric antigen receptor; VEGF—vascular endothelial growth factor receptor
Note. Based on information from Arrillaga-Romany & Dietrich, 2012; Stone & DeAngelis, 2016; Wick et al., 2016.
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Table 24-2. Chemotherapy-Induced Peripheral Neuropathya

Classification Agents Type of Neuropathy Symptoms

Alkylating Agents

Hydrazines and triazines Altretamine
Procarbazine

Sensory Myalgia
Paresthesias

Metal salts Carboplatin
Cisplatin
Oxaliplatin

Sensory Coasting phenomenonb

Hearing loss
Jaw spasm
Lhermitte syndrome
Muscle cramps
Numbness
Paresthesias
Reduced deep tendon reflexes (DTR)
Sense vibration
Tingling
Tinnitus

Plant Alkaloids

Antimetabolites Azacitidine
Capecitabine
Cladribine
Cytarabine
Fludarabine
Gemcitabine
Nelarabine

Sensory Brachial plexopathy
Paresthesias

Taxanes Cabazitaxel
Docetaxel
Nab-paclitaxel
Paclitaxel

Autonomic
Motor 
Sensory

Arrhythmia
Impaired/lost sensation
Neuropathic pain
Orthostatic hypotension
Paresthesias
Reduced/lost DTR
Weakness

Vinca alkaloids Vinblastine
Vincristine
Vinorelbine

Autonomic
Cranial nerves
Sensorimotor

Constipation
Foot drop
Lower limb weakness
Muscle cramps
Neuropathic pain
Orthostatic hypotension
Paralytic ileus
Reduced/lost DTR
Sensory impairment

Targeted Therapy Agents

Monoclonal antibodies Alemtuzumab
Bevacizumab
Brentuximab
Ibritumomab
Ipilimumab
Pertuzumab
Rituximab

Sensorimotor
Sensory

Muscle cramps
Myalgias
Radicular neuropathy
Weakness

(Continued on next page)
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of SMART syndrome (Stone & DeAngelis, 
2016).

4. Leukoencephalopathy: Toxicity of treatment 
caused by injury to white matter, specifically, 
when the myelin sheaths that cover nerve fibers 
degenerate (Arrillaga-Romany & Dietrich, 2012). 
It is a late effect characterized by white matter 
changes on magnetic resonance imaging (MRI) 
with or without variable neurocognitive changes.
a) Pathophysiology: The exact pathophysiology 

of leukoencephalopathy is unknown but glob-
ally attributed to injury of the brain paren-
chyma, as well as small blood vessel damage 
(Arrillaga-Romany & Dietrich, 2012).

b) Incidence: The incidence of leukoenceph-
alopathy varies widely according to radia-
tion dose and type and when imaging was 
obtained, as well as how the diagnosis was 
achieved, with reports citing incidences of 
5.4%–92% (Cummings et al., 2016). It is 
possible that subclinical cases (e.g., mild or 
no symptoms) are not recognized and are 
unreported.

c) Clinical manifestations: Patients may report 
no symptoms or a range of minor symptoms 
(mild cognitive impairment) to a progres-

sive cognitive decline including dementia, 
altered consciousness, ataxia, focal deficits, 
and seizure (Taillibert, Le Rhun, & Cham-
berlain, 2016). Gait abnormalities and uri-
nary incontinence are noteworthy to corre-
late with higher severity (Arrillaga-Romany 
& Dietrich, 2012). Although acute white 
matter injury in the immediate aftermath 
of treatment can lead to headache, fever, 
vomiting, drowsiness, and encephalopa-
thy, symptoms are more commonly experi-
enced more than one month to a year fol-
lowing radiation.

d) Assessment: Diagnosis is achieved radio-
graphically with MRI, which typically shows 
deep and periventricular white matter abnor-
malities characterized by T2 flair hyper-
intensities in the absence of focal lesions 
(Arrillaga-Romany & Dietrich, 2012; Cum-
mings et al., 2016). Additional findings 
may include cortical atrophy and dilated 
ventricles, as well as necrosis and demy-
elination, if tissue is obtained for biopsy 
(Arrillaga-Romany & Dietrich, 2012).

e) Collaborative management: No specific 
treatment exists for leukoencephalopathy. 

Table 24-2. Chemotherapy-Induced Peripheral Neuropathya (Continued)

Classification Agents Type of Neuropathy Symptoms

Targeted Therapy Agents (Cont.)

Small molecules Bortezomib
Carfilzomib
Imatinib
Regorafenib
Selumetinib
Sorafenib
Sunitinib
Vemurafenib

Painful sensory Muscle wasting
Muscle weakness
Paresthesias
Reduced/lost DTR
Severe neuropathic pain
Tingling/burning sensation

Miscellaneous Antineoplastics

Chemotherapy Arsenic trioxide
Eribulin
Ixabepilone
Sagopilone

Sensorimotor
Sensory

Dysesthesias
Impaired/lost sensation
Neuralgia
Neuropathic pain
Reduced/lost DTR

Immunomodulatory agents Lenalidomide
Pomalidomide
Thalidomide

Autonomic
Sensory

Bradycardia
Constipation
Impotence
Neuropathic pain
Paresthesias

a To date, peripheral neuropathy has not been reported with antitumor antibiotics or immunotherapy such as chimeric antigen receptor T cells.
b Coasting refers to worsening of neuropathy signs or symptoms after drug withdrawal.
Note. Based on information from Stone & DeAngelis, 2016; Taillibert et al., 2016; Wick et al., 2016.
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The focus is on palliative support for clini-
cal manifestations.

5. Radiation necrosis: In the setting of cancers 
requiring radiation therapy to the head, radia-
tion necrosis is a form of delayed cell injury and 
death of healthy brain tissue that results in the 
formation of a necrotic mass (Arrillaga-Romany 
& Dietrich, 2012).
a) Pathophysiology: Radiation exposure pro-

vokes damage to the vascular endothe-
lium in the noncancerous neural tissue sur-
rounding the original tumor or surgical bed, 
eventually resulting in small artery throm-
bosis, arterial occlusion, and tissue death 
(Arrillaga-Romany & Dietrich, 2012).

b) Incidence: Incidence varies widely according 
to how radiation necrosis is defined and ulti-
mately diagnosed, as well as the type of radi-
ation and presence of concurrent systemic 
agents, with estimates ranging from 2.5% to 
24% (Chao et al., 2013). Importantly, emerg-
ing evidence concludes that the incidence of 
radiation necrosis has increased in the setting 
of concomitant immunotherapy (e.g., ipilim-
umab) or select targeted agents (e.g., BRAF 
inhibitors) compared with rates in the che-
motherapy/radiation-only era (Colaco, Mar-
tin, Kluger, Yu, & Chiang, 2016; Kim et al., 
2017; K.R. Patel et al., 2016).

c) Clinical manifestations: Patients typically 
present months to years after radiation treat-
ment with new neurologic symptoms stem-
ming from a mass effect of the necrotic tissue 
plug, including headache, focal neurologic 
deficits, seizures, and cognitive impairment.

d) Assessment: MRI often shows an enhanc-
ing mass that is radiographically indistin-
guishable from tumor recurrence or pro-
gression. Biopsy or surgical resection often 
is required to definitively determine whether 
the mass represents true tumor progression/
recurrence or radiation necrosis (Chao et 
al., 2013).

e) Collaborative management: No approved 
treatment exists, although numerous off-label 
treatment modalities for radiation necrosis 
have been reported in the literature, includ-
ing anticoagulation with heparin or warfa-
rin, hyperbaric oxygen, focused interstitial 
laser therapy, and bevacizumab (Chao et al., 
2013). Of these, bevacizumab is the most sup-
ported in the literature. Therapies for the 
secondary effects of brain swelling include 
systemic steroids. Left untreated, radiation 
necrosis typically self-resolves.

6. Pseudoprogression: Pseudoprogression occurs 
when a CNS-based tumor increases in size 
radiographically during or immediately (first 
few weeks to six months) following active treat-
ment with radiation therapy alone or with com-
bination radiation/chemotherapy. Although the 
appearance of pseudoprogression on MRI can 
be similar to radiation necrosis, time is the pri-
mary distinction; pseudoprogression occurs in 
the immediate aftermath of treatment, whereas 
radiation necrosis presents months to years fol-
lowing treatment.
a) Pathophysiology: The mechanism by which 

pseudoprogression occurs is poorly under-
stood but is thought to be a secondary effect 
of blood–brain barrier breakdown, which 
causes edema and increased uptake of con-
trast material (Magge & DeAngelis, 2015).

b) Incidence: The reported incidences of 
pseudoprogression vary widely, accord-
ing to how it is defined and which diagnos-
tics are used (e.g., Response Assessment in 
Neuro-Oncology, Macdonald, Response Eval-
uation Criteria in Solid Tumors), with reports 
specifying the overall incidence across all 
categories of solid tumors ranging from less 
than 10% (Chiou & Burotto, 2015) to as high 
as 36% in patients with high-grade gliomas 
(Abbasi et al., 2017). More recently, pseudo-
progression has also been reported with the 
use of targeted therapies, especially check-
point inhibitors, such as nivolumab and pem-
brolizumab (Chae, Wang, Nimeiri, Kalyan, 
& Giles, 2017; Cohen et al., 2016).

c) Clinical manifestations: Typically, pseudo-
progression is a treatment-related effect only 
seen radiographically, and patients often do 
not report symptoms.

d) Assessment: The enhancing lesion is seen 
on MRI and often followed serially until res-
olution.

e) Collaborative management: No approved 
treatment exists for pseudoprogression, and 
in the absence of symptoms, patients typically 
only require surveillance with serial imaging 
until the condition self-resolves. For symp-
tomatic patients, supportive therapies mir-
ror those for radiation necrosis, as discussed 
previously (Miyatake et al., 2013).

C. Radiation-induced peripheral nervous system tox-
icity: Radiation fibrosis syndrome
1. Overview: Radiation fibrosis syndrome describes 

a specific and late toxicity of radiation therapy 
causing progressive fibrotic sclerosis to the mus-
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culoskeletal, soft, neural, and cardiopulmonary 
tissues within the irradiation field (Straub et al., 
2015). Specific forms of radiation fibrosis are 
lumbosacral plexopathy and brachial plexopathy.
a) Lumbosacral plexopathy is a rare but serious 

form of radiation fibrosis affecting the lum-
bar or sacral plexuses following radiation 
therapy of pelvic-area cancers (e.g., cervical).

b) Brachial plexopathy can occur in patients who 
have had radiation therapy directed at the 
chest, axillary region, thorax, or neck (e.g., 
radiation therapy for breast cancer), injur-
ing the network of nerves (brachial plexus) 
that innervate the sensorimotor function of 
the shoulder, arm, and hand.

2. Pathophysiology: The pathologic mechanism is 
not fully delineated but involves capillary net-
work/vascular disruption, vascular endothe-
lial damage, and microvascular injury with sub-
sequent tissue sclerosis, fibrosis, and atrophy 
(Straub et al., 2015).

3. Incidence: Radiation fibrosis syndrome is a late 
(4–12 months following radiation therapy) and 
rare effect, with the incidence varying accord-
ing to type of cancer, specific radiation therapy, 
and radiation dose (Straub et al., 2015). How-
ever, its occurrence is probably underestimated 
because it is not commonly evaluated by radia-
tion oncologists, and symptoms often are over-
looked or attributed to other causes.

4. Clinical manifestations: Skin changes may be 
seen in the radiation field. Symptoms vary accord-
ing to site. For example, in head and neck can-
cers, radiation fibrosis can cause inability to 
fully open the mouth, swallowing difficulties, 
and associated speech pathologies (Stubble-
field, 2017). In lung cancer, postradiation pul-
monary fibrosis manifests as difficulty breath-
ing, dry cough, fatigue, and inspirational pain. 
Symptoms of lumbosacral plexopathy typically 
include lower leg pain; reduced sensation; dif-
ferent degrees of weakness, paresis, or paraly-
sis; and, in severe cases, urinary or fecal incon-
tinence. Numbness, weakness, pain, or abnor-
mal sensations (tingling, burning) are often 
reported along the wrist, hand, arm, or shoul-
der in brachial plexopathy (Straub et al., 2015; 
Stubblefield, 2017).

5. Assessment: Diagnosis is based on report of 
symptoms in the context of time, location, and 
dose of radiation therapy. Histopathologic eval-
uation of fibrotic masses, if present, can provide 
definitive diagnosis.

6. Collaborative management: Radiation fibrosis is 
a permanent effect of radiation therapy; no cure 

exists. Treatment consists of education, physical 
therapy, occupational therapy, orthotics, and 
medication to increase function, decrease sen-
sory abnormalities, and protect from further 
injury (Stubblefield, 2017).

D. Chemotherapy-induced CNS toxicity
1. Fatigue

a) Overview: Fatigue, the feeling of extreme 
tiredness, is the most common CNS compli-
cation of cancer therapies and is not agent 
specific (Wick et al., 2016). It is an adverse 
effect of traditional chemotherapy agents, 
as well as radiation therapy, targeted agents, 
including all epidermal growth factor recep-
tor inhibitors, and immunotherapies, includ-
ing chimeric antigen receptor (CAR) T cells 
(Wick et al., 2016; Zhu et al., 2016). For addi-
tional information, see Chapter 23.

b) Pathophysiology: Fatigue occurs as either a 
direct effect of the cancer therapy itself (e.g., 
anemia, hormonal changes) or indirectly, 
through reactions with the immune system. 
Recent literature further suggests interdepen-
dent relationships and shared mechanisms 
with the greater disease process, as well as a 
patient’s innate stress and coping responses 
(e.g., depression, anxiety) (Lacourt & Hei-
jnen, 2017; Wick et al., 2016).

c) Incidence: The incidence of fatigue var-
ies widely according to disease phase, treat-
ment modality, and cancer diagnosis, with 
general estimates across all diagnostic cate-
gories, treatment phases, and cancer stages 
as high as 75%–99% (Barsevick et al., 2013).

d) Clinical manifestations: Patients with fatigue 
commonly describe themselves as weak, 
tired, exhausted, slow, having no energy, or 
worn out.

e) Assessment: Fatigue is a self-perceived symp-
tom and is identified by the patient. It may 
be assessed clinically using one of many val-
idated patient-reported outcome measures.

f) Collaborative management: Acute fatigue 
management focuses on identifying asso-
ciated target factors, such as anemia, alter-
ations in mood, or sleep disturbances. The 
only intervention currently described at level 
1 evidence for chronic fatigue is exercise (Bar-
sevick et al., 2013).

2. Acute or chronic encephalopathy
a) Overview: Encephalopathy is a general term 

referring to a syndrome of overall brain dys-
function that commonly manifests as confu-
sion and altered mental status. Encephalopa-
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thy may be acute or chronic. Toxic leukoen-
cephalopathy is an encephalopathy specifi-
cally of white matter resulting from expo-
sure to antineoplastic therapies or other 
toxic agents (see previous discussion in 
Radiation-Induced CNS Toxicity section). In 
addition to treatment temporality (acute vs. 
chronic), specific types of toxic leukoenceph-
alopathy are further distinguished by stabil-
ity (i.e., reversible vs. permanent). 

(1) Acute encephalopathy emerges within 
a few hours or days after chemother-
apy, often resolves spontaneously, and 
rarely confers long-term sequelae. It is 
highly associated with specific agents—
namely, methotrexate, ifosfamide, and 
cytarabine (Taillibert et al., 2016). For 
example, somnolence, confusion, sei-
zures, and headaches are signs and 
symptoms of acute encephalopathy 
occurring in the setting of high-dose 
methotrexate (greater than 500 mg/
m2). 
(a) Posterior reversible encephalopa-

thy syndrome (PRES) is an acute 
leukoencephalopathy that occurs 
with multiple anticancer agents, 
particularly certain tyrosine kinase 
inhibitors (imatinib), as well as 
immunosuppressants (cyclospo-
rine, tacrolimus, sirolimus) used 
for patients undergoing stem cell 
transplant. It also can occur in 
patients who have received CAR 
T cells. It occurs with higher fre-
quency when these agents are given 
in combination with radiation ther-
apy (Magge & DeAngelis, 2015). 

(b) Other classes of chemotherapy 
agents have been associated with 
PRES, including platinum ana-
logs (cisplatin and carboplatin), 
folate antagonists (methotrex-
ate), antimetabolites (gemcitabine 
and 5-f luorouracil), anthracy-
clines (doxorubicin), vinca alka-
loids (vincristine), and targeted 
agents (bevacizumab and ritux-
imab) (Arrillaga-Romany & Diet-
rich, 2012).

(c) Radiographically, PRES is char-
acterized by vasogenic edema 
throughout the brain. Symp-
toms include headache, seizure, 
altered mental status, vomit-

ing, alterations in vision (from 
visual field cuts to cortical blind-
ness), lethargy, and confusion 
(Arrillaga-Romany & Dietrich, 
2012; Magge & DeAngelis, 2015). 
Hypertension is often a preced-
ing or accompanying clinical sign 
(Magge & DeAngelis, 2015).

(d) Treatment is primarily supportive 
to reduce the severity of symptoms 
(e.g., analgesic for headache) and 
stabilize blood pressure (Magge & 
DeAngelis, 2015). Discontinuation 
of drug is necessary to reduce the 
risk of progression to irreversible 
cytotoxic edema. Generally, symp-
toms of PRES improve or dissipate 
entirely with drug discontinuation 
and supportive therapy.

(e) Concomitant hemorrhage or 
ischemia indicates poorer prog-
nosis (Arrillaga-Romany & Diet-
rich, 2012).

(2) Chronic encephalopathy is typi-
cally observed more than six months 
post-treatment and even several years 
beyond treatment (Taillibert et al., 
2016). It is generally irreversible and 
occasionally even progressive. Patients 
typically report mild to moderate neu-
rocognitive deficits, such as mem-
ory impairment or inability to focus, 
whereas more severe symptoms, such as 
ataxia, urinary incontinence, and spas-
ticity, correlate with greater neurotoxic-
ity. Some patients report no symptoms.
(a) Progressive multifocal leukoen-

cephalopathy (PML): PML is a 
neuroinfectious disease causing 
demyelinating injury to the CNS 
that can manifest during treat-
ment or months to years follow-
ing treatment with immunomod-
ulatory therapy.

(b) PML is caused by reactivation of 
latent John Cunningham virus, a 
type of human polyomavirus that 
is normally innocuous and pres-
ent in a majority of healthy adults. 
Treatment-related immunosup-
pression with brentuximab, ritux-
imab, alemtuzumab, and ofatu-
mumab therapy leads to lytic infec-
tion of CNS white matter, with resul-
tant demyelination (Bohra, Sokol, 
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& Dalia, 2017; Magge & DeAngelis, 
2015). Symptoms can include hemi-
paresis, visual impairment, altered 
mental status, ataxia, dysmetria, 
dysarthria, headache, vertigo, sei-
zures, sensory deficits, parkinson-
ism, aphasia, and neglect (Bohra 
et al., 2017).

(c) PML is untreatable, progressive, 
and nearly always fatal (case fatal-
ity rate of 90%) (Bohra et al., 2017; 
Magge & DeAngelis, 2015).

b) Pathophysiology: Exact pathologic mecha-
nisms vary according to agent and subtype 
of encephalopathy. PML, for example, results 
from opportunistic infection in the setting 
of an immunocompromised host.

c) Incidence: Incidence varies, with chronic 
encephalopathy being more common and 
occurring in 16%–75% of adult survivors 
of solid tumors (Yust-Katz & Gilbert, 2014). 
Although rare (incidence of 0.07% in the 
setting of hematologic malignancies), PML 
in the setting of cancer may be underre-
ported given the challenges of achieving 
diagnosis (Bohra et al., 2017). However, 
with increasing use of immunomodula-
tory therapies in the oncology setting, cli-
nicians should be familiar with PML as a 
differential diagnosis in the setting of neu-
rologic symptoms.

d) Clinical manifestation: The permeating 
symptom of all forms of encephalopathy is 
varying levels of altered mental status. Acute 
encephalopathy can develop as a constellation 
of symptoms including focal neurologic def-
icits, neurobehavioral problems, seizure, or 
alterations in consciousness. Chronic enceph-
alopathy is frequently described in terms of 
“chemobrain” or “chemo fog” and typically 
includes global impairment in attention, 
memory, and executive function (Magge & 
DeAngelis, 2015).

e) Assessment: Diagnosis can be difficult, as the 
list of differential diagnoses is extensive (e.g., 
brain metastases, aseptic meningitis), but is 
typically achieved based on report of symp-
toms, neurologic examination, and treatment 
context and timing. Because of the structural 
changes within white matter, PRES and PML 
can often be identified radiographically, but 
brain biopsy is required for definitive diag-
nosis of PML.

f) Collaborative management: Acute encepha-
lopathy typically self-resolves with discontinu-

ation of the agent. No cure exists for chronic 
encephalopathy. Supportive therapies for 
toxic leukoencephalopathy is as described 
previously in the Radiation-induced CNS 
Toxicity section.

3. Focal deficits: Focal neurologic deficits are lim-
ited failures of neurologic function that affect 
a specific part of the body. Vision, speech, and 
hearing impairments during or immediately 
following treatment for cancer are considered 
focal neurologic toxicities, as are isolated sen-
sory and motor losses, among others.
a) Pathophysiology: All focal nerve deficits 

originate from injury to the nerve, either 
as a direct result of chemotherapy or as a 
secondary effect (e.g., swelling). The exact 
pathogenesis of cranial nerve involvement 
is uncertain. It is important to note that 
focal deficits may be a direct consequence 
of malignancy as well.

b) Incidence: Transient focal deficits are rel-
atively common over the trajectory of can-
cer and are sometimes difficult to attribute 
exclusively to the cancer or its treatment.

c) Clinical manifestations: Each cranial nerve 
operates a distinct neurologic function and 
can be useful to help localize neurotoxic 
injury (see Table 24-3). For example, double 
vision has been reported with capecitabine 
use and correlated with neurotoxic palsy of 
cranial nerve VI (Dasgupta, Adilieje, Bhat-
tacharya, Smith, & Sheikh, 2010).

d) Assessment: Diagnosis is achieved with care-
ful neurologic examination.

e) Collaborative management: Treatment typi-
cally involves supportive therapy or, in severe 
cases, discontinuation of the agent.

4. Cerebellar syndrome: Neurotoxic injury to the 
cerebellum may result in cerebellar syndrome, 
characterized by ataxia, dysmetria, dizziness, 
nystagmus, and gait imbalance.
a) Pathophysiology: Cerebellar syndrome has 

been reported as an acute event with tra-
ditional chemotherapy agents, including 
capecitabine, cytarabine, 5-fluorouracil, 
hexamethylmelamine, nelarabine, oxalipla-
tin, procarbazine, and vincristine (Stone & 
DeAngelis, 2016), as well as targeted agents, 
including bortezomib, rituximab, thalido-
mide, and trastuzumab (Wick et al., 2016). 
It generally is dose related and self-limiting, 
but some patients may experience perma-
nent dysfunction secondary to loss of Pur-
kinje cells in the cerebellum (Stone & DeAn-
gelis, 2016). Exact pathologic mechanisms 
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vary according to the agent, but symptoms 
arise from loss or delay of nerve conduction 
through the cerebellum, which is respon-
sible for coordinating muscle activity and 
movement.

b) Incidence: Overall, the incidence of cerebel-
lar syndrome is low, with variation by agent. 
Cerebellar syndrome manifests most com-
monly in 10%–20% of patients with acute 
myeloid leukemia and lymphoma treated 
with high-dose cytarabine 1 g/m2 or greater 
given as a bolus infusion (Arrillaga-Romany 
& Dietrich, 2012).

c) Risk factors: Several risk factors have been 
associated with the development of cerebellar 
syndrome in the setting of cytarabine, includ-
ing a cumulative dose of 36 g/m2 or greater, 
older age, renal dysfunction, previous his-
tory of neurologic dysfunction, or elevated 
alkaline phosphatase (Magge & DeAngelis, 
2015). The incidence of cerebellar syndrome 
with 5-fluorouracil, a pyrimidine analog, is 
much lower at 2%–4% (Arrillaga-Romany & 
Dietrich, 2012).

d) Clinical manifestations: Early signs include 
nystagmus, speech difficulties (dysarthria), 

Table 24-3. Focal Deficits Involving the Cranial Nerves

Signs and Symptoms Cranial Nerve Name Origination Function

Loss of smell (anosmia) I Olfactory Olfactory bulb Special sensory: smell

Visual disturbances; vision loss II Optic Thalamus Special sensory: vision

Loss of pupillary light reflex: papill-
edema; ptosis; double vision (diplo-
pia); blurry vision

III Oculomotor Midbrain Motor: eyeball movement; controls 
eyelid

Parasympathetic: pupil constrictor

Diplopia; nystagmus IV Trochlear Midbrain Motor: eyeball movement

Loss of sensations (see function col-
umn); difficulty chewing, abnormal 
jaw-jerk reflex

V Trigeminal Pons Motor: chewing muscles
Sensory: touch, pain, temperature, 

vibration for face, mouth, anterior 
two-thirds of tongue

Strabismus; nystagmus; diplopia VI Abducens Pons Motor: eyeball movement

Facial paresis or plegia; loss of taste VII Facial Pons Motor: face muscles
Sensory: sense near ears
Special sensory: taste in anterior 

two-thirds of tongue

Hearing loss; balance issues VIII Auditory Pons/medulla Special sensory: hearing and bal-
ance

Absent gag; impaired or absent 
swallow; loss of taste; loss of pha-
ryngeal movement

IX Glossopharyngeal Pons/medulla Motor: pharyngeal movement
Sensory: middle ear; pharynx, pos-

terior one-third of tongue
Parasympathetic: parotid gland

Absent gag; impaired or absent 
swallow; loss of velar movement; 
loss of voice or hoarseness, dys-
pnea, dysarthria

X Vagus Medulla Motor: pharyngeal and laryngeal 
muscles

Sensory: pharynx and blood pres-
sure

Special sensory: taste from epiglot-
tis/pharynx

Parasympathetic: heart, lungs, 
digestive tract

Droopy shoulder, movement of neck XI Spinal accessory Medulla Motor: neck and shoulder muscles

Loss of tongue movement; tongue 
fasciculation, tongue atrophy

XII Hypoglossal Medulla Motor: tongue muscles

Note. From Neuroanatomy for Speech Language Pathology and Audiology (pp. 84–85), by M.H. Rouse, 2016, Burlington, MA: Jones & Bartlett Learning. 
Copyright 2016 by Jones & Bartlett Learning, www.jblearning.com. Adapted with permission.

http://www.jblearning.com
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uncoordinated movements, abnormal gait, 
and trouble writing (dysmetria). Rarely, som-
nolence or lethargy, altered mental status, 
and encephalopathy can co-occur (Magge 
& DeAngelis, 2015). Symptoms typically 
resolve with drug discontinuation, but up to 
30% of patients suffer permanent cerebellar 
injury (Magge & DeAngelis, 2015). Cerebel-
lar atrophy is a late effect, particularly with 
the use of cytarabine (Arrillaga-Romany & 
Dietrich, 2012).

e) Assessment: Diagnosis is achieved from report 
of symptoms with careful neurologic exami-
nation before each cytarabine infusion. This 
includes assessment of the patient’s coordina-
tion (e.g., finger-to-nose and finger-to-finger 
test, rapid alternating hand movements, abil-
ity to write), speech pattern, gait and bal-
ance, and presence of abnormal eye move-
ments (nystagmus). When signs and symp-
toms are present, the causative medication 
should be held, and the prescriber should be 
notified immediately.

f) Collaborative management: Symptoms typ-
ically resolve over time or with discontinua-
tion of therapy immediately when symptoms 
occur. Depending on the extent of injury, 
some sequelae may be permanent.

5. Adverse cerebrovascular events
a) Overview: Cerebrovascular events are a con-

stellation of clinical syndromes that disrupt 
blood supply to the brain with resultant neu-
rologic symptom or symptom complex. Cere-
brovascular events are classified according to 
etiology, location, and duration of symptoms. 
Common cerebrovascular events manifest-
ing in the setting of chemotherapy include 
thromboembolism, intracranial hemorrhage, 
and ischemic stroke.

(1) Cerebral thromboembolism is a blood 
clot that occludes the small and large 
cerebral arteries.

(2) Intracranial hemorrhage is bleeding 
inside the cranial vault, resulting in 
accumulation of blood and, frequently, 
increased intracranial pressure.

(3) Ischemic stroke is the sudden loss of 
blood circulation to an area of the 
brain, resulting in a corresponding 
loss of neurologic function. It occurs 
in the setting of thrombotic or embolic 
occlusion of a cerebral artery.

b) Pathophysiology: Cancer stimulates the coag-
ulation system, predisposing patients to a 
baseline hypercoagulable or prothrombotic 

state. Many cancer therapies further poten-
tiate this risk of thrombosis through proco-
agulant release, endothelial damage, or stim-
ulation of tissue factors. Ischemic stroke, a 
direct effect of arterial occlusion by thrombo-
embolism, is associated with antiangiogenic 
agents such as bevacizumab, sorafenib, suni-
tinib, and vandetanib, and to a lesser extent 
with traditional chemotherapy agents such 
as cisplatin, L-asparaginase, and intrathe-
cal methotrexate (Arrillaga-Romany & Diet-
rich, 2012). In contrast, intracranial hemor-
rhage, including intratumoral hemorrhage, 
in patients with cancer is typically a second-
ary effect of disseminated intravascular coag-
ulation, thrombocytopenia due to bone mar-
row suppression, or vitamin K deficiency. An 
increased risk exists in the setting of bevaci-
zumab (Arrillaga-Romany & Dietrich, 2012).

c) Incidence: Incidence varies according to 
the type of event and agent. For example, 
the risk of thromboembolism can be as 
high as 35% with L-asparaginase, which is 
approved for use in acute lymphocytic leu-
kemia (Arrillaga-Romany & Dietrich, 2012). 
Patients frequently continue the full regimen 
of L-asparaginase if therapeutically antico-
agulated. The risk of hemorrhage or isch-
emic stroke is reported to be higher with 
newer agents, particularly bevacizumab. The 
overall intracranial hemorrhage rate among 
patients with cancer treated with bevaci-
zumab is 0.3%–0.9% and increases to 0.9%–
1.5% in those with known primary or meta-
static brain tumors (Schiff et al., 2015). The 
rate of stroke approached 2% in patients 
with glioblastoma treated with bevacizumab 
(Schiff et al., 2015).

d) Clinical manifestations: The cardinal clin-
ical feature of many cerebrovascular events 
is pain (headache). Additional symptoms 
include nausea, vomiting, altered mental sta-
tus, seizure, or focal neurologic symptoms. 
Depending on when the patient is seen and 
the underlying cause, the deficit may be sta-
ble, progressive, or completely resolved.

e) Assessment: Diagnosis is made radiograph-
ically.

f) Collaborative management: Patients with 
thromboembolism and ischemic stroke typ-
ically are given multimodality therapy such 
as anticoagulation, thrombolysis, and plate-
let inhibition. Hemorrhage may require neu-
rosurgical intervention to decompress the 
brain, initiate invasive pressure monitor-
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ing, or evacuate a clot. Supportive treatment 
includes pain medication, steroids, and anti-
seizure medication.

6. Aseptic meningitis: Aseptic meningitis is irrita-
tion and inflammation of the meninges in the 
absence of infection. It is the most commonly 
reported toxicity of intrathecal chemotherapy, 
especially methotrexate and cytarabine (Magge 
& DeAngelis, 2015; Taillibert et al., 2016). Other 
agents reported to induce aseptic meningitis 
include cetuximab, ipilimumab, IV immuno-
globulin, and rituximab (Magge & DeAngelis, 
2015; Maritaz, Metz, Baba-Hamed, Jardin-Szucs, 
& Deplanque, 2016; Wick et al., 2016).
a) Pathophysiology: The pathologic mecha-

nism of aseptic meningitis is indeterminate 
and likely varies by agent. For example, asep-
tic meningitis following cetuximab admin-
istration is thought to stem from an allergic 
hypersensitivity reaction or serum immuno-
globulin crossing the blood–brain barrier, 
causing meningeal inflammation (Maritaz 
et al., 2016).

b) Incidence: Incidence of aseptic meningitis 
varies widely according to agent and dose. 
For example, meningitis following intrathe-
cal methotrexate administration is reported 
to occur in 9.8%–90% of patients with overt 
CNS disease and is dose dependent (Jacob et 
al., 2015). However, the incidence of menin-
gitis following cetuximab administration is 
much lower, with fewer than a dozen reports 
in the literature (Maritaz et al., 2016).

c) Clinical manifestations: Symptoms include 
fever, headache, stiff neck, nausea, vomiting, 
photophobia, and increased cell presence 
(white blood cells, protein) in the cerebro-
spinal fluid (Taillibert et al., 2016).

d) Assessment: The diagnosis is usually presump-
tive based on symptoms and temporality and 
route of chemotherapy. A lumbar puncture 
showing cerebrospinal fluid pleocytosis may 
or may not help to improve diagnostic cer-
tainty (Taillibert et al., 2016).

e) Collaborative management: Prophylactic 
dosing with dexamethasone prior to intra-
thecal chemotherapy may help reduce the 
risk of aseptic meningitis (Magge & DeAn-
gelis, 2015). Symptoms can be managed with 
supportive therapy, which includes anal-
gesics, antiemetics, steroids if not already 
given prophylactically, and IV fluids. Oth-
erwise, spontaneous recovery is seen with-
out any neurologic sequelae when the agent 
is discontinued.

7. Myelopathy: Myelopathy is a rare complication 
(approximately 3%) of swelling and spinal cord 
compression during or following administration 
of intrathecal chemotherapy such as methotrex-
ate and cytarabine (Cachia et al., 2015; Magge 
& DeAngelis, 2015).
a) Pathophysiology: The etiology of myelopathy 

following intrathecal chemotherapy remains 
unclear (Cachia et al., 2015; Magge & DeAn-
gelis, 2015), but symptoms result from swell-
ing and cord compression.

b) Incidence: Myelopathy as a complication of 
intrathecal chemotherapy is rare in adults, 
with most of the cases described in the liter-
ature occurring in the pediatric population 
(Cachia et al., 2015).

c) Clinical manifestations: Symptoms include 
low back pain, sensory or motor deficits in the 
lower extremities, and bowel or bladder incon-
tinence (Magge & DeAngelis, 2015). Lher-
mitte sign, an electric shock–like sensation, 
may be elicited when the neck is extended 
(Arrillaga-Romany & Dietrich, 2012).

d) Assessment: MRI is the most sensitive radio-
logic technique in the diagnosis of myelop-
athy, but MRI abnormalities are nonspe-
cific and include cord swelling, T2 hyperin-
tensity, and contrast enhancement (Cachia 
et al., 2015).

e) Collaborative management: No approved 
treatment exists for chemotherapy-induced 
myelopathy. Symptoms and swelling typically 
resolve with discontinuation of drug.

8. Seizures: A seizure is the manifestation of an 
abnormal, hypersynchronous electrical dis-
charge of a population of cortical neurons. This 
discharge may produce symptoms or objective 
signs (clinical seizure) or may be subclinical, 
materializing only on electroencephalogram.
a) Pathophysiology: The underlying etiology 

of seizures in patients with cancer can be 
complex, involving anatomic and metabolic 
disruptions caused by brain tumors them-
selves, tumor- or medication-related stroke 
or opportunistic infection, chemotherapy, or 
neuroradiotherapy. Seizures may be caused 
directly by agents themselves (e.g., busul-
fan, used commonly during stem cell trans-
plant) or may result from hyponatremia as 
a secondary effect of hormonal or electro-
lyte imbalances (Taillibert et al., 2016). For 
example, syndrome of inappropriate antidi-
uretic hormone secretion is a known effect of 
vinca alkaloids and cisplatin that can result in 
hyponatremia, leading to severe confusion, 
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coma, and seizures (Bénit & Vecht, 2016). 
Cisplatin-induced renal injury can result 
in salt wasting, hyponatremia, and seizures 
(Bénit & Vecht, 2016). Targeted therapies 
that inhibit epidermal growth factor recep-
tor pathways, such as the monoclonal anti-
bodies cetuximab and panitumumab and 
the tyrosine kinase inhibitors gefitinib and 
erlotinib, also cause secondary electrolyte 
depletion, which increases the risk of seizure 
(Wick et al., 2016).

b) Incidence: Incidence varies according to 
cancer type, location, and agent. Busulfan, 
an agent used during conditioning for stem 
cell transplant, carries a 10% risk of seizures 
(Taillibert et al., 2016). For patients with 
primary brain tumor, greater than 65% of 
patients with gliomas and 33% of patients 
with meningiomas will have epilepsy (Bénit 
& Vecht, 2016). For patients with systemic can-
cer, the overall incidence of seizure is higher: 
60% of patients with brain metastases will 
also develop epilepsy (Bénit & Vecht, 2016).

c) Clinical manifestations: Signs and symptoms 
of seizure can include temporary confusion, 
staring spells, involuntary jerking or violent 
movements of the arms and legs, and altered 
mental status, including loss of consciousness.

d) Assessment: A thorough neurologic exam-
ination is first done to explore differential 
diagnoses. Diagnosis is typically achieved via 
electroencephalogram (EEG), although a wit-
nessed tonic-clonic seizure can be enough to 
initiate treatment.

e) Collaborative management: Seizures are 
treated with antiepileptics. In the case of 
high-dose busulfan (greater than 9 mg/kg 
oral or IV equivalent), prophylaxis with anti-
epileptics prior to therapy is recommended, 
as the risk of seizure is significantly high 
(Magge & DeAngelis, 2015; Stone & DeAn-
gelis, 2016; Taillibert et al., 2016).

9. Headache: Headache is pain with or without 
pressure in the head.
a) Pathophysiology

(1) Headache can be caused directly by 
mass effect of intracranial malignancy, 
malignant infiltration of the meninges 
or pituitary gland, or as a direct effect of 
anticancer therapies such as radiation, 
chemotherapy (e.g., 5-fluorouracil, 
procarbazine), targeted therapies (e.g., 
ipilimumab, imatinib, rituximab), and 
immunotherapies (e.g., CAR T cells) 
(Stone & DeAngelis, 2016). As a result, 

attributing a single causative agent is 
challenging, but temporality of head-
ache emergence to treatment can be 
instructive. Mechanisms of action are 
varied based on the agent. For exam-
ple, headache during rituximab infu-
sion likely results from the release of 
inflammatory cytokines (Wick et al., 
2016), whereas bevacizumab-induced 
hypertension can lead to headache 
(Magge & DeAngelis, 2015).

(2) Headache can also be a secondary 
effect of treatment—for example, post-
procedural complications of cancer 
diagnostics such as lumbar puncture 
or brain biopsy; stress, fatigue, anxiety, 
or sleep disturbances resulting from 
the cancer or its treatment; cancer- 
or treatment-associated anemia; and 
hypercalcemia and dehydration from 
vomiting and diarrhea.

b) Incidence: Incidence varies widely according 
to the causative agent.

c) Clinical manifestation: Patients may report 
pain, tightness, or pressure in the head or 
upper neck.

d) Assessment: Diagnosis is based on patient 
self-report.

e) Collaborative management: Treatment typ-
ically involves administration of analge-
sics and, if warranted, intervention to cor-
rect the proximate cause, such as a blood 
patch for post–lumbar puncture headache, 
correction of anemia or hypercalcemia, or 
treatment of hypertension following bevaci-
zumab infusion.

E. Chemotherapy-induced peripheral neuropathy 
(CIPN): General neurotoxicities
1. Overview: CIPN is damage to nerve cells, nerve 

fibers (axons), and nerve coverings (myelin) due 
to exposure to a neurotoxic chemotherapy agent 
that results in inhibition or deceleration of nerve 
signals. The three major categories of CIPN are 
sensory, motor, and autonomic.
a) Sensory neuropathy is damage to sensory 

nerves causing problems with sensation—
for example, a patient’s ability to feel pain 
or light touch.

b) Motor neuropathy is injury to motor nerves, 
affecting movement.

c) Autonomic neuropathy is impairment of the 
nonsensory, involuntary nervous system that 
controls and regulates smooth muscles, car-
diac muscles, and glands (e.g., the nerves 
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innervating the heart, the bladder, salivary 
glands).

2. Pathophysiology: Antineoplastics differentially 
impair specific structures within the neuron 
according to their mechanism of action. In gen-
eral, the predominant pathophysiologic mecha-
nism of CIPN across all chemotherapy agents is 
induction of mitochondrial abnormalities and 
inhibition of mitochondrial function (Brewer, 
Morrison, Dolan, & Fleming, 2016). CIPN can 
be broadly attributed to the resultant demyelin-
ation and axonal degeneration.

3. Incidence: Incidence and severity of CIPN vary 
by the specific type (sensory, motor, autonomic), 
agent, agent combinations, and dosages and is 
likely underreported. In aggregate, CIPN occurs 
in 30%–40% of patients receiving neurotoxic 
chemotherapy, most notably platinum agents, 
vinca alkaloids, and taxanes (Staff, Grisold, Gri-
sold, & Windebank, 2017).

4. Clinical manifestations
a) Sensory: Sensory neuropathies may be subtle 

and not consistently present during physical 
examination. Symptoms may be “positive,” in 
which sensations are present in the absence 
of external stimuli and perceived as tingling, 
burning, pins and needles, or pain that is typ-
ically described as stabbing or shooting. Sen-
sory disturbances can also manifest as “nega-
tive” phenomena (e.g., numbness, loss of sen-
sation, impaired proprioception), in which 
sensation is completely absent with external 
stimulation; for example, the patient reports 
inability to feel a pinprick.

b) Motor: Motor neuropathies may manifest as 
weakness, muscle fatigue, or atrophy. Patients 
also may report abnormally frequent and 
painful muscle cramps or fasciculation caus-
ing problems with ambulation and manual 
dexterity. Motor neuropathy may co-occur 
with sensory neuropathy (sensorimotor neu-
ropathy).

c) Autonomic: Autonomic neuropathy is seen 
most commonly with vinca alkaloids and can 
be associated with orthostatic hypotension, 
erectile dysfunction, and bowel and bladder 
dysfunction, including paralytic ileus, consti-
pation, and urinary retention.

5. Assessment: Results from the physical exam-
ination may be normal or show sensory loss. 
Loss of the Achilles tendon reflex is usually the 
first clinical sign of CIPN (Tzatha & DeAngelis, 
2016). Nerve conduction studies and an electro-
myogram can assist with diagnostic evaluation 
(Tzatha & DeAngelis, 2016).

6. Collaborative management: CIPN is managed by 
empirical dose modifications or discontinuation 
of treatment at the discretion of the treating phy-
sician. An autonomic neuropathy consisting of 
abdominal colic and constipation often requires 
concomitant bowel prophylaxis to prevent par-
alytic ileus (Magge & DeAngelis, 2015). Treat-
ment of urinary retention may include intermit-
tent catheterization until recovery of function.

F. Common antineoplastics conferring increased neu-
rotoxicity
1. Chemotherapy

a) Vinca alkaloids: Vinca alkaloids (e.g., vin-
blastine, vincristine, vinorelbine) inhibit cell 
proliferation and promote cytotoxicity by 
direct binding to tubulin, a critical compo-
nent of microtubules. Microtubules perform 
the essential function of aligning chromo-
somes during metaphase (the third phase of 
mitosis). The binding of vinca to the micro-
tubules ultimately results in inhibition of 
mitotic spindle function and arrests cancer 
cells in metaphase, rendering them unable 
to divide. However, throughout the nervous 
system, microtubules also help direct axo-
nal transport of neuronal signals. Periph-
eral neuropathies of vinca alkaloids that tar-
get microtubules result from interruption 
of the axonal transport and nerve degener-
ation, most commonly resulting in axonal 
sensorimotor neuropathy characterized by 
paresthesias and weakness, such as wrist or 
foot drop (Magge & DeAngelis, 2015). Mus-
cle cramps in the upper and lower extremi-
ties often are the first sign of neurotoxicity 
(Magge & DeAngelis, 2015). Rarely, vincris-
tine also may cause focal neuropathies of the 
cranial nerves, resulting in hoarseness, dip-
lopia, jaw pain, and facial palsies. Autonomic 
neuropathies rarely occur but can include 
urinary retention, orthostatic hypotension, 
and hypertension. Additional but infrequent 
neurotoxicities have been reported, including 
confusion and seizures from hyponatremia 
following syndrome of inappropriate antidi-
uretic hormone secretion, cortical blindness, 
ataxia, and Parkinson disease–like symptoms 
(Magge & DeAngelis, 2015).

b) Platinum-based agents: Cisplatin and oxali-
platin are two widely used neurotoxic agents. 

(1) Peripheral neurotoxicity seen with cis-
platin is dose dependent and usually 
manifests at cumulative doses of 400 
mg/m2 (Magge & DeAngelis, 2015). 
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Symptoms include numbness, tingling, 
and pain in the extremities. Additional 
neurotoxicity may present as Lhermitte 
sign, ototoxicity (e.g., tinnitus, hearing 
loss), and, more relevant to IV admin-
istration, encephalopathy typified by 
seizures and focal neurologic deficits 
(Magge & DeAngelis, 2015). 

(2) Oxaliplatin induces a peripheral neu-
rotoxicity as two clinically distinct syn-
dromes.
(a) Acute transient paresthesia in the 

distal extremities usually occurs 
within the early phase of drug 
administration, during or just fol-
lowing infusion. Symptoms can be 
cold-triggered and include pares-
thesias, dysesthesias, and jaw tight-
ening, which typically improve 
within a day following administra-
tion (Magge & DeAngelis, 2015).

(b) Chronic cumulative sensory neu-
ropathy causes more persistent 
clinical impairments, including 
eye and jaw pain, ptosis, visual 
impairment, voice changes, sen-
sory ataxia, and muscle cramps 
that may persist for several months 
(Magge & DeAngelis, 2015). 

(c) Ocular toxicity is a rarer but over-
looked effect of oxaliplatin, occur-
ring acutely during infusion or as 
a late effect. Symptoms include 
tearing, dry eyes, conjunctivi-
tis, blurred vision, photosensitiv-
ity, altered color vision, and eye 
pain triggered by cold (Cidon & 
Alonso, 2016).

c) Ta x a ne s :  C ab a z i t a xel ,  do cet a xel , 
nab-paclitaxel, and paclitaxel are associated 
with sensory neuropathies involving the feet 
and occasionally the hands, with painful pares-
thesias, mild weakness, and myalgias (Magge & 
DeAngelis, 2015). Symptoms usually improve 
after treatment discontinuation but may per-
sist. Symptoms associated with changes in auto-
nomic function are rarer but must be care-
fully evaluated in patients receiving taxanes; 
cardiac and vascular dysfunction reported as 
arrhythmias and orthostatic hypotension has 
been reported in patients receiving paclitaxel 
(Velasco & Bruna, 2015).

d) Antitumor antibiotics: Of note, antitumor 
antibiotics (e.g., bleomycin, doxorubicin) pro-
duce highly selective neurotoxic effects (to 

dorsal root ganglia) and peripheral neuro-
logic toxicity. CNS toxicity is mostly described 
in terms of cognitive impairment (Kesler & 
Blayney, 2016).

2. Immunotherapy
a) Thalidomide and its synthetic analogs: Neu-

rotoxic effects from thalidomide are dose 
dependent. The most common toxicity seen 
with thalidomide is somnolence (thalido-
mide was first marketed as a sedative). At 
typical doses, 50% of patients taking tha-
lidomide develop peripheral neuropathy 
(10% with severe symptoms), including dis-
tal paresthesias or dysesthesias with or with-
out sensory loss (Stone & DeAngelis, 2016). 
Autonomic neuropathies include constipa-
tion and, rarely, impotence and bradycardia 
(Stone & DeAngelis, 2016). Lhermitte sign is 
sometimes seen (Magge & DeAngelis, 2015).

b) CAR T cells: CAR T cells are manufactured 
for each individual patient using T cells drawn 
from the patient’s blood. The T cells are then 
genetically coded to express a CAR specific 
to an antigen expressed by the patient’s can-
cer cells. The binding of CAR T cells to can-
cer antigens in the body results in T-cell pro-
liferation and expansion, as well as further 
immune activation, including elevations in 
cytokines (Magge & DeAngelis, 2015), ulti-
mately resulting in cancer cell death. Neu-
rotoxicity from CAR T cells is largely a sec-
ondary result of cytokine-associated toxic-
ity, also known as cytokine release syndrome 
(CRS). CRS is characterized by fever, hypo-
tension, capillary leak, and neurotoxicity and 
can result in death. Encephalopathic-type 
symptoms consisting of headache, mental sta-
tus changes, confusion, delirium, focal def-
icits, word-finding difficulty or aphasia, hal-
lucinations, tremor, dysmetria, altered gait, 
and seizures have been reported in the con-
text of CRS (D.W. Lee et al., 2014; Wick et al., 
2016) but may represent a separate, parallel 
process from CRS (Turtle et al., 2016). Isch-
emic events have also been observed (Wick 
et al., 2016). Steroids are typically not used 
to palliate symptoms, because they would 
also blunt the intended immune activation.

3. Targeted therapy
a) Bortezomib: Bortezomib, a proteasome inhib-

itor, is a primary treatment consideration in 
relapsed or resistant multiple myeloma but 
can induce painful sensory neuropathy char-
acterized by paresthesias in limbs and neu-
ropathic pain in a stocking-and-glove dis-
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tribution in approximately 22% of patients 
(Meregalli, 2015). 

b) Milder neuropathy is reported to occur 
in 50%–75% of patients (Stone & DeAn-
gelis, 2016; Wick et al., 2016). The mech-
anisms underlying the pathogenesis of 
bortezomib-induced peripheral neuropathy 
are unknown. No approved treatment exists, 
but symptoms typically resolve with dose mod-
ification or discontinuation. 

c) Subcutaneous administration is recom-
mended for individuals with preexisting or at 
high risk for peripheral neuropathy (Truven 
Health Analytics, 2017) because incidence of 
peripheral neuropathy is lower with the sub-
cutaneous formulation than the IV formula-
tion (38% vs. 53%, respectively) (Mateos & 
San Miguel, 2012).

G. Risk factors and prophylaxis
1. Risk factors: The clinical sequelae of neurotox-

icity from antineoplastic therapies are complex 
functions of dose, mode of administration, expo-
sure time, and the unique genetic susceptibili-
ties of the patient. Risk factors for the develop-
ment of CIPN include preexisting neuropathies 
due to diabetes, alcohol abuse, folate/vitamin B12 
deficiency, hereditary sensorimotor neuropathy 
(e.g., Charcot-Marie-Tooth disease), or neurop-
athies caused by the malignancy itself (Magge 
& DeAngelis, 2015).

2. Prophylaxis: Only a few prophylactic agents have 
been supported in the literature to reduce spe-
cific neurotoxic effects. Most (e.g., amifostine, 
glutathione, infusions of calcium and magne-
sium, venlafaxine, xaliproden) have ultimately 
had inconsistent and generally negative results 
(Albers, Chaudhry, Cavaletti, & Donehower, 
2014; Taillibert et al., 2016). Some strategies, 
such as vitamin E supplementation, have been 
shown to be ineffective as a neuroprotective 
agent (Albers et al., 2014). For specific neurotoxic 
effects, the following have demonstrated efficacy.
a) Aseptic meningitis: Prophylactic dosing with 

dexamethasone prior to intrathecal chemo-
therapy may help reduce the risk of aseptic 
meningitis (Magge & DeAngelis, 2015).

b) Seizures: For agents with known seizure risk 
(e.g., busulfan), prophylaxis with antiepilep-
tics is highly effective at reducing the devel-
opment of seizures (Taillibert et al., 2016).

c) Autonomic neuropathy affecting gastroin-
testinal motility: Prevention of functional 
bowel disorders such as paralytic ileus often 
requires concomitant bowel prophylaxis with 

high fiber intake, fluid balance, and the use 
of opioid-sparing analgesia, stool softeners, 
and laxatives (Taillibert et al., 2016).

d) General CIPN: Increased physical activity 
and exercise has been shown to consistently 
mitigate the general effects of CIPN during 
treatment with antineoplastics (Taillibert et 
al., 2016).

H. Cognitive impairment
1. Cognitive function is a multidimensional con-

cept that encompasses several domains (e.g., 
attention and concentration, executive function, 
information processing speed, language, motor 
function, visuospatial skill, learning, memory) 
regulated by the brain (Jansen, 2017; see Fig-
ure 24-1). Cognitive impairment is a decline in 
function in either one or multiple domains of 
cognitive function and may represent a single, 
highly specific deficit or a cluster of related def-
icits (Lezak, Howieson, Bigler, & Tranel, 2012; 
Von Ah, Jansen, & Allen, 2014).

2. Pathophysiology: Although cancer therapies, 
including surgery, radiation therapy, chemo-
therapy, hormone therapy, and immunotherapy, 
have been associated with cognitive changes, the 
use of multimodal therapy makes it difficult to 
determine the underlying mechanism for cog-
nitive impairment. The presence of cancer and 
tumor burden also may contribute to cognitive 
impairment prior to the initiation of treatment 
(Wefel, Kesler, Noll, & Schagen, 2015).
a) The mechanisms of cancer treatment–related 

cognitive changes are thought to be multi-
factorial. Although animal studies have elu-
cidated many hypotheses, the actual mech-
anisms for individual and multimodal treat-
ments are still not fully understood (Jan-
sen, 2017).

b) Suggested pathophysiologic mechanisms
(1) Structural and functional damage of 

the brain due to direct tumor involve-
ment or surgical removal of CNS 
tumors: Effects are specific to the area 
of the tumor location (Bohan, 2013; 
Jansen, 2017). In contrast, patients 
with non-CNS cancers who receive che-
motherapy may demonstrate declines 
in gray matter volume most often in 
the prefrontal lobe, whereas decreases 
in white matter integrity and brain 
activity are more widespread (Holo-
han, Von Ah, McDonald, & Saykin, 
2013; Janelsins, Kesler, Ahles, & Mor-
row, 2014).
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(2) Direct injury to neurons or other 
brain structures (including oligoden-
drocytes, glial cells, and white matter 
tracts) from chemotherapy or radia-
tion therapy (de Ruiter & Schagen, 
2013; Edelstein, Richard, & Bernstein, 
2017; Greene-Schloesser, Moore, & 
Robbins, 2013; Jansen, 2017; Kaiser, 
Bledowski, & Dietrich, 2014; Koppel-
mans et al., 2014; McDonald & Saykin, 
2013; Parihar & Limoli, 2013; Scherling 
& Smith, 2013; Seigers, Schagen, Van 
Tellingen, & Dietrich, 2013; Simó et 
al., 2015): Neurotoxic effects result in 
disruption of neural stem and progeni-
tor cells within the CNS, which appear 
to be more sensitive than cancer cells 
to various chemotherapy agents (Diet-
rich, 2010; Kaiser et al., 2014; Wefel 
et al., 2015). Specific chemotherapy 
and hormonal drugs shown to target 
neural progenitor cells in experimen-
tal studies include carmustine, cispl-
atin, cyclophosphamide, cytarabine, 
docetaxel, doxorubicin, 5-fluorouracil, 

ifosfamide, methotrexate, oxaliplatin, 
paclitaxel, tamoxifen, temozolomide, 
and thiotepa (Dietrich, Prust, & Kai-
ser, 2015; Kaiser et al., 2014).

(3) Disruption of the blood–brain barrier: 
Chemotherapy drugs unable to cross 
the blood–brain barrier cause dam-
age to blood vessels, thereby adversely 
affecting the brain (Merriman, Von 
Ah, Miaskowski, & Aouizerat, 2013; 
Wardill et al., 2016; Wefel et al., 2015).

(4) DNA damage due to chemotherapy or 
ionizing irradiation (Conroy, McDon-
ald, Smith, et al., 2013; Edelstein et al., 
2017; Hoeffner, 2016; Jansen, 2017; Joly 
et al., 2015; Mandelblatt, Jacobsen, & 
Ahles, 2014; Merriman et al., 2013)

(5) Cytokine dysregulation: Cytokines are 
proteins that have a role in neural func-
tion and repair and the metabolism of 
neurotransmitters. Increased levels of 
cytokines may activate a stress cascade 
that can cause inflammation and affect 
cognition (Castel et al., 2017; Merri-
man et al., 2013). Although many che-

Figure 24-1. Anatomic Correlates of Cognitive Function

Note. Based on information from Filley, 2012; Gazzaniga et al., 2014; Lisberger & Thach, 2013; Olson & Colby, 2013; Pearl & Emsellem, 2014.
Note. LifeArt image copyright 2002 by Lippincott Williams & Wilkins. All rights reserved.
From “Cognitive Changes” (p. 384), by C. Jansen in J. Eggert (Ed.), Cancer Basics (2nd ed.), 2017, Pittsburgh, PA: Oncology Nursing Society. Copyright 
2017 by Oncology Nursing Society. Reprinted with permission.
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motherapy agents are not able to cross 
the blood–brain barrier, they can stim-
ulate a release of proinflammatory cyto-
kines in response to cell injury. This 
release leads to an elevation in circu-
lating tumor necrosis factor-alpha that 
can cross the blood–brain barrier and 
cause excessive levels of CNS cytokines, 
resulting in cognitive impairment. Evi-
dence for increases in cytokine lev-
els exists for all treatment modalities 
(Bender & Thelen, 2013; Cheung et 
al., 2015; Conroy, McDonald, Smith, 
et al., 2013; Ganz et al., 2013; Kesler, 
2014; Kesler et al., 2013; Lacourt & 
Heijnen, 2017; Pomykala, Ganz, et al., 
2013; Shibayama et al., 2014; Smith et 
al., 2014; Wang et al., 2015). Increased 
cytokine levels may also exist prior to 
the initiation of treatment (S.K. Patel 
et al., 2015). Studies have found higher 
levels of inflammatory markers (e.g., 
interleukin-1β, interleukin-6) associ-
ated with lower self-perceived mem-
ory (Ganz et al., 2013; Henneghan, 
2016) and global cognitive functioning 
(Cheung et al., 2015, Pomykala, Ganz, 
et al., 2013). One study found signifi-
cant associations between interleukin-6 
and tumor necrosis factor-alpha levels 
and logical memory (p = 0.006; Kesler 
et al., 2013).

(6) Oxidative damage: Various chemother-
apy drugs (e.g., carmustine, cyclophos-
phamide, doxorubicin, methotrexate) 
may initiate oxidative stress that can 
trigger cell membrane damage and 
produce large amounts of free radi-
cals (Dietrich et al., 2015; Seigers et 
al., 2103; Wardill et al., 2016). Evidence 
of oxidative stress was associated with 
lower gray matter density (p = 0.011) 
in one study of breast cancer survi-
vors (Conroy, McDonald, Smith, et al., 
2013). Oxidative damage, or inflamma-
tory responses, can occur with radia-
tion therapy, are dose dependent, and 
may last from weeks to months (Edel-
stein et al., 2017; Greene-Schloesser 
et al., 2013).

(7) Anemia: Insufficient brain oxygen-
ation is associated with cognitive prob-
lems in multiple domains, such as atten-
tion and concentration, executive func-
tioning, motor function, and memory 

(Lezak et al., 2012). Patients with can-
cer may experience anemia as a result 
of primary or metastatic cancer involve-
ment of the bone marrow or bones or 
because of cancer treatments such as 
chemotherapy and radiation therapy 
(Jansen, 2017).

(8) Hormone-mediated effects: Estro-
gen and androgen are neuroprotec-
tive, and receptors for these hormones 
are widely distributed throughout the 
brain (Boss, Kang, Marcus, & Berg-
strom, 2014; Hogervorst, 2013; Lobo, 
2014; Wu & Amidi, 2017). Although 
hormonal agents work by different 
mechanisms—selective estrogen recep-
tor modulators (e.g., tamoxifen, ral-
oxifene) act as estrogen agonists or 
estrogen antagonists and block estro-
gen receptors; aromatase inhibitors 
(e.g., anastrozole, exemestane, letro-
zole) decrease estrogen synthesis in the 
peripheral tissues; and androgen depri-
vation therapy reduces testosterone lev-
els—their use can affect cognitive func-
tioning (Bakoyiannis, Tsigka, Perrea, 
& Pergialiotis, 2016; Boss et al., 2014; 
Gonzalez et al., 2015; P.E. Lee, Tier-
ney, Wu, Pritchard, & Rochon, 2016; 
McGinty et al., 2014; Merriman et al., 
2013; Wefel et al., 2015; Wu & Amidi, 
2017; Zwart, Terra, Linn, & Schagen, 
2015). Chemotherapy often induces 
menopause with a more accelerated 
decline in estrogen levels, but the sig-
nificance of this to cognitive function-
ing is still unclear (Conroy, McDon-
ald, Ahles, West, & Saykin, 2013; Jan-
sen, 2017; Lobo, 2014).

(9) Leukoencephalopathy: Structural 
alterations in cerebral white matter can 
occur with cranial irradiation (Hoef-
fner, 2016). White matter changes 
have also been reported with various 
chemotherapy and targeted agents, 
such as bevacizumab, brentuximab, 
busulfan, carmustine, cisplatin, cyta-
rabine, 5-fluorouracil, fludarabine, 
ifosfamide, infliximab, interleukin-2, 
lenalidomide, levamisole, methotrex-
ate, natalizumab, procarbazine, ritux-
imab, sorafenib, sunitinib, temozolo-
mide, and thiotepa (Fernandez-Robles, 
Greenberg, & Pirl, 2016; Magge & 
DeAngelis, 2015; Mann, Dail, & Bai-
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ley, 2016; Westin, Sood, & Coleman, 
2018; Wick et al., 2016).

3. Incidence: The incidence of treatment-related 
cognitive changes is difficult to determine 
because many factors influence cognition. Many 
studies are limited by their cross-sectional study 
design (lacking baseline neuropsychological 
testing) or small sample sizes. There is a grow-
ing evidence base for cancer and cancer treat-
ment–related cognitive changes that incorpo-
rates objective and subjective measures, as well 
as genetic and radiologic tests. It is important 
to include predisposing factors and to evaluate 
for impairment prior to treatment, as well as to 
include combination therapies and differences 
in sample characteristics, to attempt to differ-
entiate what cognitive changes are truly treat-
ment related.
a) Chemotherapy-related cognitive changes 

have been predominantly studied in patients 
with breast cancer. Evidence to support 
whether chemotherapy-induced cognitive 
changes exist or are due solely to chemother-
apy is inconclusive. However, it is estimated 
that up to 75% of patients with cancer expe-
rience cognitive impairment during or after 
cancer treatment (Allen, Myers, Jansen, Mer-
riman, & Von Ah, 2018; Janelsins et al., 2014).

b) Evidence of cognitive impairment in 20%–
30% of patients prior to treatment has been 
reported, with incidences up to 40% reported 
in older adult patients (Joly et al., 2015; Lange 
et al., 2014; Wefel et al., 2015).

c) Cognitive problems are estimated to persist 
for months or up to 20 years following the 
completion of treatment in up to 35% of sur-
vivors (Janelsins et al., 2014).

d) Cognitive problems, especially difficulties 
with concentration, memory, and the abil-
ity to multitask, are a major concern to can-
cer survivors, especially when reentering the 
workplace (Von Ah et al., 2016). Studies have 
confirmed that cognitive issues continue to 
have a negative impact on survivors in the 
workplace for at least one if not many years 
after treatment (Duijts, van der Beek, Boel-
houwer, & Schagen, 2017; Kanaskie & Loeb, 
2015; Von Ah et al., 2016).

4. Risk factors: Predisposing factors that influence 
cognitive function are not consistent, but the fol-
lowing have been suggested.
a) Individual risk factors

(1) Gender: Women excel in language, 
information processing speed, and 
motor function, whereas men perform 

better in visuospatial skills and mathe-
matics (Lezak et al., 2012).

(2) Age: Cognitive decline occurs with 
aging, which is associated with several 
proposed mechanisms for cognitive 
impairment, including but not limited to 
increased cell senescence, DNA damage, 
oxidative stress, inflammation, mito-
chondrial dysfunction, and decreased 
telomere length (Vega, Dumas, & New-
house, 2017). Although younger patients 
report worse cognitive problems, older 
patients perform worse on objective 
tests (Merriman et al., 2013). Of note, 
normative data for neuropsychological 
tests are based on age.

(3) Comorbidities: Patients with greater 
comorbidity levels, especially illnesses 
such as diabetes and cardiovascular dis-
ease, have been reported to have cog-
nitive impairment prior to initiating 
cancer treatments (Allen et al., 2018; 
Mandelblatt, Stern, et al., 2014).

(4) Genetics: As is true with other side 
effects, not all patients are equally 
affected by the same regimen. Conse-
quently, several genetic polymorphisms 
are being evaluated to determine those 
that might influence an individual’s 
risk of cognitive changes during can-
cer and cancer treatments (Mandelb-
latt, Jacobsen, & Ahles, 2014). Genetic 
mutations may influence the impact of 
cancer and cancer treatments on brain 
activity and cognitive function (Wefel, 
Noll, & Scheurer, 2016). For example, 
the presence of the apolipoprotein E 
(APOE) gene ε4 variant has been asso-
ciated with decreased cognitive func-
tioning (e.g., executive function, mem-
ory), and several other candidate genes 
are being studied for their potential 
role in chemotherapy-induced cogni-
tive changes (Correa et al., 2014; Wefel 
et al., 2016). In one study of patients 
with breast cancer receiving chemo-
therapy, those with the brain-derived 
neurotrophic factor (BDNF) Val/Met 
heterozygous genotype had lower odds 
of impairment in executive function (p 
= 0.030), whereas the BDNF Met/Met 
homozygous genotype was found to be 
protective of language (p = 0.043), exec-
utive function (p = 0.030), and subjec-
tive cognitive functioning (p = 0.036) 
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compared to those with BDNF  Val/Val 
genotypes (Ng et al., 2016).

(5) Psychological factors such as stress, anx-
iety, and depression can affect perfor-
mance on neuropsychological testing 
(Lezak et al., 2012). However, these 
psychological factors are generally not 
correlated with objective measures in 
studies of patients with cancer. It has 
been suggested that patients’ percep-
tions of cognitive impairments may 
indicate emotional distress, as anx-
iety and depression often are corre-
lated with subjective measures of cog-
nitive functioning (Kaiser et al., 2014). 
Stress related to cognitive impair-
ment has also been characterized as 
post-traumatic stress disorder (Her-
melink et al., 2017).
(a) Increased anxiety at baseline was 

found to correlate with lower per-
formance on objective cognitive 
measures in one study (Lyon et 
al., 2016). Although anxiety has 
not been consistently related to 
objective measures, higher levels 
have been found to be predictive 
of poorer perceived cognitive func-
tioning over time (Janelsins et al., 
2017; Merriman et al., 2017).

(b) Higher levels of depressive symp-
toms prior to treatment have been 
found to be predictive of worse per-
ceived cognitive functioning over 
time (Lyon et al., 2016; Merriman 
et al., 2017).

(c) Fatigue can negatively affect cog-
nitive function and also is related 
to subjective measures of cogni-
tive functioning (Oh, 2017). In one 
longitudinal study of patients with 
breast cancer, a strong inverse rela-
tionship was found between fatigue 
and multiple cognitive domains 
over time (Lyon et al., 2016).

(d) Sleep disturbance has been found 
to be associated with perceived 
cognitive impairment (p < 0.001; 
Myers, Wick, & Klemp, 2015). In 
one study, more hours of sleep 
was associated with better perfor-
mance on objective measures of 
verbal function (p = 0.007; Hart-
man, Marinac, Natarajan, & Pat-
terson, 2015).

b) Risk factors related to cancer treatments
(1) Regimens: Because most patients 

receive multimodal therapy, it is diffi-
cult to determine if specific drugs or 
regimens promote higher incidences 
of cognitive changes.

(2) Dose intensity and cumulative effects: 
Cognitive changes in patients who 
receive cranial irradiation are related to 
the total dose received (Bohan, 2013). 
Exposure to higher doses of chemo-
therapy (or higher concentrations due 
to impaired clearance), as well as the 
additive or synergistic effects of multi-
agent regimens, also may increase risk 
(Wefel & Schagen, 2012). In addition, 
cumulative chemotherapy cycles have 
been reported as a predictor of cogni-
tive decline (Oh, 2017).

(3) Concomitant medications such as anal-
gesics, antidepressants, antiepileptics, 
anxiolytics, antipsychotics, immuno-
suppressants, and steroids also may 
contribute to cognitive deficits (Jan-
sen, 2017).

5. Clinical manifestations: Although cognitive 
changes may be subtle, patients report diffi-
culties with their ability to concentrate, think 
clearly, retain or learn new information, be effi-
cient, organize and prioritize, manage responsi-
bility, interact socially, and cope with problems 
(Kanaskie & Loeb, 2015; Myers, 2013).

6. Assessment: Patients who report cognitive 
problems should be screened for potentially 
reversible factors that may contribute to cog-
nitive impairment (Allen et al., 2018; Jansen, 
2013; National Comprehensive Cancer Net-
work® [NCCN®], 2018; Roebuck-Spencer et al., 
2017). Many neuropsychological tests are avail-
able to measure cognitive function but are gen-
erally used only in studies and require a refer-
ral to a neuropsychologist. Imaging (e.g., MRI, 
positron-emission tomography, EEG) has been 
used to study structural and electrophysiologic 
outcomes related to cognitive impairment, but 
these are generally not considered feasible for 
routine cognitive evaluation (Pomykala, de 
Ruiter, Deprez, McDonald, & Silverman, 2013). 
NCCN (2018) guidelines recommend using 
imaging only for ruling out structural abnor-
malities in high-risk patients or individuals with 
focal neurologic deficits.
a) Assess the patient for cognitive complaints 

(e.g., inability to focus on tasks or follow 
instructions; difficulties with concentration, 
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memory, and word finding), including dura-
tion and intensity.

b) Assess for any focal neurologic deficits, and 
refer to physician for further workup (neu-
roimaging) as indicated.

c) Assess the patient’s social history (e.g., living 
situation, lifestyle factors including alcohol 
or drug use, work history) and any potential 
influencing factors, such as anxiety, depres-
sion, emotional distress, pain, sleep distur-
bances, or fatigue. Manage any symptoms 
that may be contributing.

d) Review cancer and treatment history (e.g., 
tumor type, staging, treatments received, 
disease trajectory).

e) Review coexisting medical conditions (e.g., 
cardiovascular disease, diabetes, neurologic 
conditions, psychiatric illness) and meno-
pausal status.

f) Review current medications (e.g., analge-
sics, antidepressants, antiemetics, antiep-
ileptics, antipsychotics, immunosuppres-
sants, steroids) and evaluate for new med-
ications, supplements, or potential medi-
cation interactions, and adjust regimens 
as needed.

g) Monitor laboratory results to determine if 
the patient has anemia, metabolic abnormal-
ities, or liver or renal dysfunction, and take 
appropriate action as indicated.

h) Consider referral for neuropsychological 
testing if indicated (Block, Johnson-Greene, 
Pliskin, & Boake, 2017).

7. Collaborative management: Currently, the only 
evidence-based recommendation for the pre-
vention or treatment of cognitive impairment is 
cognitive training (Von Ah, 2015; Von Ah et al., 
2014). Although the mechanisms of cancer treat-
ment–related cognitive changes are still unclear, 
several pharmacologic and nonpharmacologic 
interventions have been studied. Many of these 
focus on preventing cognitive impairment by 
targeting the potential mechanisms discussed 
earlier. Further research is needed to determine 
potential interventions for patients experiencing 
cognitive impairments.
a) Nonpharmacologic interventions that have 

been studied
(1) Cognitive training that involves inter-

ventions aimed at improving, maintain-
ing, or restoring attention, concentra-
tion, and memory through repeated 
and structured practice of tasks. This 
intervention is the most promising to 
improve cognitive functioning.

(2) Cognitive behavioral interventions that 
are focused on adaptive strategies to 
compensate for cognitive impairment 
require further research to determine 
their effectiveness.

(3) Exercise (e.g., aerobic, resistance train-
ing, mindfulness based) as an interven-
tion for cognitive impairment has not 
been established to be effective.

(4) EEG/neurofeedback, which consists 
of real-time display of brain electri-
cal activity, may have benefit for sev-
eral symptoms but requires additional 
research to determine its effectiveness.

(5) Natural restorative environment inter-
vention that involves the participant 
spending time in a natural environ-
ment has not been established to be 
effective.

(6) Vitamin E, a fat-soluble vitamin, has 
not shown effectiveness for treating 
cognitive impairment, but results are 
limited by small studies.

b) Pharmacologic interventions
(1) Psychostimulants (e.g., methylpheni-

date/dexmethylphenidate, modafinil): 
The role of psychostimulants as an 
intervention for cognitive impairment 
is an area of investigation with equiv-
ocal results and therefore lacks suffi-
cient evidence (Von Ah, 2015; Von Ah 
et al., 2014). A trial use of psychostimu-
lants may be considered (NCCN, 2018).

(2) Cholinesterase inhibitors (e.g., done-
pezil), antioxidants (e.g., ginkgo 
biloba, melatonin), memantine, and 
erythropoiesis-stimulating agents 
(e.g., erythropoietin) have also been 
studied, and effectiveness has not 
been established. Of note, cur-
rent evidence suggests that ginkgo 
biloba is unlikely to be effective, and 
erythropoiesis-stimulating agents are 
not recommended for practice because 
of U.S. Food and Drug Administra-
tion warnings regarding risks associ-
ated with its use (Von Ah et al., 2014).

I. Patient and family education
1. Teach patients and caregivers the general signs 

and symptoms of neurotoxicity and provide writ-
ten information describing both immediate and 
delayed effects for specific treatment agents. Pro-
vide information on how, when, and to whom 
signs and symptoms should be reported.
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2. Teach patients and caregivers to recognize signs 
and symptoms that may indicate life-threatening 
toxicities (e.g., cerebrovascular events) and 
instruct them to immediately seek medical 
attention.

3. When neurotoxic effects manifest, orient patients 
and caregivers to the relevant safety issues and 
precautions.
a) Seizures: Patients with a known seizure event 

or who are prophylactically treated for sei-
zures should be instructed not to drive, oper-
ate heavy machinery, swim, take baths (show-
ers only), or use heated appliances while alone 
(e.g., stoves, curling irons, barbecue grills). 
A medical alert bracelet or similar disclosure 
tool should be worn or carried at all times.

b) Sensory neuropathy: Patients with loss of sen-
sation in their extremities are at risk for ther-
mal or ischemic injuries. Teach patients and 
caregivers to pay particular attention to hands 
and feet, including regular inspection of the 
feet, and emphasize the importance of wear-
ing properly fitted shoes. Notably, patients 
without laboratory evidence of vitamin defi-
ciencies should be instructed to avoid nutri-
tional supplements because they may worsen 
the neuropathy (Tzatha & DeAngelis, 2016). 
Additionally, cold pain is a frequent symptom 
in neuropathic pain, manifesting as a pain 
response to a normally innocuous cold stim-
ulus (cold allodynia) or heightened sensitiv-
ity to a painful cold stimulus (cold hyperal-
gesia). When these symptoms are present, 
patients should be taught to avoid exposure 
to cold environments and objects.

c) Motor neuropathy: Patient counseling should 
focus on strategies to avoid falls and injury, 
especially when navigating changing sur-
faces, such as bare floor to carpet. Patients 
should consider walking shoes, which pro-
vide good traction and support, and should 
generally opt for shoes that tie versus those 
that slip on (e.g., flip-flops, sandals, slip-
pers). Removing throw rugs, clearing walk-
ways of clutter, and using skid strips on slip-
pery surfaces (e.g., shower and tub floors) 
can help reduce the risk of falls. When pos-
sible, patients should be offered physical or 
occupational therapy to preserve function 
and limit further injury.

d) Autonomic neuropathy: Teach strategies to 
manage symptoms of autonomic dysfunc-
tion (postural hypotension, constipation, 
and urinary retention), such as dangling 
the legs prior to standing, increasing oral 

intake, and adding dietary fiber or a formal-
ized bowel regimen.

4. Cognitive impairment: Inform patients that cog-
nitive changes are a possible side effect of treat-
ment and that studies elucidating this phenom-
enon, its mechanisms, and subsequent interven-
tions are ongoing.
a) Acknowledge, validate, and record patient 

reports of cognitive changes.
b) Encourage patients and family members to 

report cognitive problems.
c) Acknowledge that although studies have 

been done for various interventions, there 
is limited evidence to make treatment rec-
ommendations.

d) Encourage routine physical activity.
e) Recommend optimizing management of 

anxiety, depression, fatigue, sleep distur-
bances, and other contributing symptoms 
(NCCN, 2018).

f) Strategies reported by patients as helpful 
(Kanaskie & Loeb, 2015; Myers, 2013; Von Ah, 
2015; Von Ah, Storey, Jansen, & Allen, 2013)

(1) Healthy lifestyle practices
(a) Ensure adequate sleep and rest.
(b) Eat a well-balanced diet.
(c) Engage in physical exercise.

(2) Intellectual activities (e.g., reading, 
learning new skills, solving puzzles, 
working out math problems)

(3) Social activities (e.g., support groups)
(4) Practical management

(a) Use technology (e.g., smart-
phones, voice recorders).

(b) Keep a daily planner or calendar.
(c) Keep things in the same place.
(d) Write reminders and use notes.
(e) Focus on one task at a time.
(f) Develop a routine schedule.

(5) Focus on the future.
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CHAPTER 25

Ocular Toxicities

A. Overview: Patients may develop ocular toxicities as 
a result of cancer treatments, with the onset, pre-
sentation, and incidence varying by drug and dose. 
Nurses should be familiar with the signs and symp-
toms, assessment, and management of these poten-
tial complications, as well as with patient and fam-
ily education.

B. Pathophysiology
1. The causes of ocular toxicity are not fully under-

stood and may include the following (see Table 
25-1):
a) Damage to the eye or eye structures related 

directly to treatment (e.g., distribution of 
cytotoxic drugs in tears, direct vascular injury 
during intracarotid administration, direct 
nerve injury from chemotherapy or radiation 
therapy, solubility characteristics of the drug 
and its ability to gain access through barriers 
such as the blood–ocular barrier) (DeAnge-
lis, 2017; Palmer et al., 2008)

b) A secondary process related to treatment (e.g., 
eye irritation caused from loss of eyelashes in 
the presence of neutropenia)

c) A secondary process related to concurrent dis-
ease, such as diabetes or Graves disease lead-
ing to diplopia or ptosis (DeAngelis, 2017)

d) Metastases to the eyes or central nervous 
system resulting in increased intracranial 
pressure

e) Factors unrelated to cytotoxic therapy, such 
as head trauma or drug toxicity from nar-
cotics or anticonvulsants leading to diplopia 
(DeAngelis, 2017)

f) Checkpoint inhibitors: Checkpoint inhibitors 
are new immunologic agents that block inhib-
itory receptors of immune system elements, 
such as cytotoxic T-lymphocyte antigen-4, pro-
grammed cell death protein 1, and its ligand, 
leading to the activation of specific antitumor 
T-cell responses.

(1) The mechanisms of immune-related 
adverse events (irAEs) have been 

hypothesized to involve a breakdown 
of peripheral tolerance and induc-
tion of organ-specific inflammatory 
processes.

(2) Ophthalmic irAEs have been reported 
in less than 1% of patients (Antoun et 
al., 2016).

(3) Examples of ophthalmic irAEs include 
iritis, uveitis, conjunctivitis, dry eyes, 
and blurred vision. These irAEs can 
be treated with topical nonsteroidal or 
steroidal therapy (Antoun et al., 2016; 
Zimmer et al., 2016).

g) Epidermal growth factor receptor inhibitors 
(EGFRIs): Epidermal growth factor recep-
tor (EGFR) is a normal part of epidermal 
cells. It is widely distributed on the eye sur-
face in the conjunctival and corneal epithe-
lium, as well as in the eyelid skin, lash follicles, 
tear glands, and sebaceous and sweat glands 
(Burtness et al., 2009; Hager & Seitz, 2014). 
Inhibiting EGFR can lead to damage to the 
epidermal cells found in the ocular region, 
which includes the eye and surrounding skin 
(Garibaldi & Adler, 2007).

(1) Examples of EGFRI-induced effects 
are tear film dysfunction and unusual 
hyper- or hypopigmentation (Zhang, 
Basti, & Jampol, 2007). EGFRIs have 
led to dry eyes, inflammation of the 
lid margin (blepharitis), dysfunction of 
the sebaceous glands of the eyelid (mei-
bomitis), corneal erosion, and inversion 
or eversion of the eyelid margin (Burt-
ness et al., 2009).

(2) EGFR also has a crucial role in the reg-
ulation of the hair growth cycle.
(a) An EGFRI can hinder this cycle, 

leading to loss of eyelashes and eye-
brows (Robert et al., 2005; Zhang et 
al., 2007) or an accelerated growth 
and curling of the eyelashes, lead-
ing to tortuous eyelashes or eyelash 
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Table 25-1. Ocular Toxicities and Their Treatments 

Toxicity Definition/Symptoms Treatment

Blepharitis Inflammation of the eyelids, mainly at the margin; 
main signs are redness and flaking of the skin on 
the eyelids and crusting that is worse on waking.

Use warm compress, eyelid hygiene, and cortico-
steroids or anti-inflammatory medications.

Blurred vision Decreased clarity or sharpness in vision Refer to ophthalmologist; discontinue agent.

Central serous retinopathy Localized serous retinal detachment observable 
only on fundoscopy; manifests as slightly blurry 
vision and the perception of objects smaller than 
they really are (micropsia)

–

Conjunctivitis Inflammation and redness of the conjunctiva Hold agent; use corticosteroids or anti-inflamma-
tory medications and artificial tears.

Corneal edema Swelling of the cornea Refer to ophthalmologist.

Corneal epithelial defect Significant eye pain, sensitivity to light Refer to ophthalmologist. 

Cystoid macular edema Chronic inflammation of the macular area only 
observable on fundoscopy and confirmed by fluo-
rescein angiography

Refer to ophthalmologist; hold agent.

Diplopia Double vision Refer to ophthalmologist and neurologist.

Dysfunctional tear syndrome 
(tear film changes)

Fluctuating or mild decrease in vision, transient 
eye pain, burning or foreign body sensation in the 
eye, eye fatigue

Mild symptoms: Apply supplemental tears 4–6 
times a day.

Severe symptoms or no relief: Refer to ophthal-
mologist (treatment may consist of punctal 
plugs and/or anti-inflammatory medications).

Epiphora Excessive tear production, usually caused by eye 
irritation

Refer to ophthalmologist; use topical lubricants.

Hemianopia Visual field defect that respects the vertical mid-
line in both eyes; can be homonymous or bitem-
poral

–

Iridocyclitis Sensitivity to light, sustained eye pain, decrease 
in vision

Refer to ophthalmologist.
Treatment involves use of anti-inflammatory med-

ications.

Keratitis Inflammation of the cornea, usually referring to 
the corneal surface (epithelium); manifests as 
pain, photophobia, and increased lacrimation; 
more evident in slit-lamp examination with the aid 
of a dye

Refer to ophthalmologist; use topical lubricants.

Lacrimal duct stenosis Narrowing of the tear duct Refer to ophthalmologist; hold agent.

Maculopathy Disease or damage to the central part of the ret-
ina or macula

Refer to ophthalmologist; discontinue agent.

Meibomitis (meibomian gland 
dysfunction) 

Fluctuations in vision (varying degrees), burning 
sensation in the eye, some mucous discharge, 
eye redness (may occur only on awakening)

Clean eyelid and apply warm compresses to the 
eyelid for at least 4 minutes twice daily. Use 
artificial lubricants.

If lid scrubs and warm compresses are ineffec-
tive, consider topical or oral antibiotics.

Optic neuritis Inflammation of the optic nerve Refer to ophthalmologist and neurologist; discon-
tinue agent.

(Continued on next page)
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trichomegaly (Hager & Seitz, 2014; 
Robert et al., 2005).

(b) Most ocular side effects are not 
vision threatening but should be 
followed by an ophthalmologist to 
quickly treat the discomfort and 
prevent ocular injury (Burtness 
et al., 2009).

2. A broad spectrum of disorders have been docu-
mented, including the inflammatory conditions 
uveitis, conjunctivitis, keratitis, blepharitis, iri-
tis, and the development of retinal opacities, 
cataract formation, lid and lacrimation disor-
ders, optic neuritis, and other neurologic inju-

ries (F.T. Fraunfelder, Fraunfelder, & Chambers, 
2008). For site-specific disorders, see Table 25-2.

3. With frequent use of combination therapy, it 
may be difficult to determine which specific 
drug is causing complications (F.T. Fraunfelder 
et al., 2008).

4. Patients may experience toxicity-related visual 
impairment during chemotherapy and up to 
two weeks after chemotherapy (Kende, Sirkin, 
Thomas, & Freeman, 1979). Neurologic dam-
age to the eye has occurred up to 43 days follow-
ing chemotherapy (Warrell & Berman, 1986).

5. The toxic effect of certain drugs may be cumu-
lative and dose dependent (Palmer et al., 2008).

Table 25-1. Ocular Toxicities and Their Treatments (Continued)

Toxicity Definition/Symptoms Treatment

Papilledema Optic disc swelling caused by increased intracra-
nial pressure

Use corticosteroids or anti-inflammatory medica-
tions; discontinue agent.

Periorbital edema Inflammation and increased fluid accumulation 
of the interstitial tissues from the eyelid into the 
orbital septum; manifests as a hard swelling of 
the eyelid

Apply warm compress; refer to ophthalmologist; 
discontinue agent.

Periorbital rash Discoloration of the tissue around the eye Use corticosteroids or anti-inflammatory medica-
tions, warm compress, and eyelid hygiene.

Photopsia/photophobia Ocular pain and sensitivity to light Use topical lubricants; avoid light exposure.

Ptosis Drooping or falling of the upper eyelid over the 
eye; also known as “drooping eyes”

Refer to ophthalmologist and neurologist.

Retinal vein occlusion Blockage of the small veins that carry blood away 
from the retina

Refer to ophthalmologist; discontinue agent.

Retinopathy Damage to the retina caused by abnormal blood 
flow

Refer to ophthalmologist and neurologist; discon-
tinue agent.

Squamous blepharitis (i.e., 
eyelid skin changes) 

Hyperemia, papulopustular rash, crusting; eye-
lids become sore and irritated, with discomfort 
described as severe. Eyelid margins may have 
mild redness to significant edema and soreness 
of the eyelid margin. Small pustules at the base 
of the eyelashes may be seen.

Acute reactions: Apply warm compresses with a 
moist washcloth; ensure regular cleaning of the 
eyelid; use artificial lubricant.

Apply fluorometholone (0.1%) ointment to eye-
lid (both skin and lid margin) for 1 week. Do not 
use for > 2 weeks. An ophthalmologist must 
examine patient within 4 weeks.

Chronic reactions: Apply tacrolimus 0.03% oint-
ment or pimecrolimus cream twice daily to skin 
of eyelid only. If treatment is minimally effective 
or not effective at all, try tacrolimus 0.1%. This 
treatment should not be used for > 6 months.

Trichomegaly Pathologically long eyelashes that can get misdi-
rected and cause ocular surface abrasions

Refer to ophthalmologist; trim long or misdirected 
eyelashes.

Uveitis Inflammation of the uveal tract; can be anterior 
(involving the anterior chamber and iris) or poste-
rior (involving the vitreous and choroid)

Refer to ophthalmologist.

Note. Based on information from Agustoni et al., 2014; Basti, 2007; Burtness et al., 2009; International Workshop on Meibomian Gland Dysfunction, 2011; 
Ouwerkerk & Boers-Doets, 2010.
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6. Ocular changes may go unnoticed until dam-
age is irreversible.

7. Ocular signs and symptoms may precede the 
development of peripheral neuropathies and 
thus may be an important marker of neurologic 
status (Bobba & Klein, 2012).

8. The presence of ocular signs or symptoms may 
predict the development of graft-versus-host 
disease in patients who have received an alloge-
neic hematopoietic stem cell transplant (Kim 
et al., 2002).

9. Ocular changes may be incorrectly attributed to 
the aging process.

C. Incidence
1. Incidence varies according to drug classifica-

tion, dose, and route of administration (see 
Table 25-3).

2. Ophthalmologic effects of chemotherapy occur 
less frequently and tend to be less severe than 
other chemotherapy-related side effects. Most 
ocular side effects tend to improve or even 
resolve completely upon discontinuation of the 
drug. Early detection often minimizes sequelae 
(Teitelbaum, 2011).

D. Risk factors: Causal relationships between agents 
and ocular toxicities are difficult to establish. Risk 
factors are equally difficult to establish.

E. Clinical manifestations: See Table 25-3.

F. Assessment: Ask patients about a history of any eye 
disturbance. In addition, assess the following (Bick-
ley, 2017):
1. Visual acuity: Use a Snellen eye chart if possi-

ble. Position the patient 20 feet from the chart. 
Have the patient wear glasses or contacts for 
the examination if the corrective lenses are 
normally used other than for reading. Ask 
the patient to cover one eye with a card and 
to read the smallest line possible. Have the 
patient repeat with the other eye. Acuity can 
be assessed using a near-vision card held at 
arm’s length; patients who wear glasses or con-
tact lenses should remove them. Record any 
visual disturbances.

2. Visual fields: Sit or stand in front of the patient 
and have the patient look with both eyes into 
your eyes. While the patient gazes into your 
eyes, place your hands two feet apart, lateral to 
the patient’s ears. Instruct the patient to point 
to your fingers as soon as they are seen. Slowly 
move your fingers along an imaginary bowl and 
toward the line of gaze until the patient identi-
fies them. Repeat this pattern in upper and lower 
temporal quadrants.

3. Position of eyes, eyebrows, and eyelids: While 
standing or sitting in front of the patient, observe 
the eyes for position and alignment with each 
other. Inspect the eyebrows, noting their quantity 
and distribution and any flaking of the underly-
ing skin. Survey the eyelids, observing and pal-
pating for signs of erythema and edema. Assess 
for signs of exudates, crusting, and presence of 
ptosis. Observe condition of lashes.

4. Lacrimation: Note dryness, foreign body sen-
sation, excessive tearing, or swelling of the lac-
rimal sac.

Table 25-2. Specific Ocular Toxicities  
by Anatomic Site

Site Ocular Toxicity

Orbit Arteriovenous shunts, cavernous 
sinus syndrome, edema, exophthal-
mos, pallor, pain

Lids Cicatricial ectropion, ankylobleph-
aron, increased lid necrosis after 
cryotherapy, hyperpigmentation

Lacrimal drainage Tear duct fibrosis and punctal 
occlusion

Lacrimal gland Keratoconjunctivitis sicca

Conjunctiva Conjunctivitis

Sclera Discoloration

Cornea Keratopathy, keratitis

Pupil Pinpoint pupils, internal ophthalmo-
plegia

Uvea Uveitis

Trabecular meshwork 
and/or ciliary body

Increased intraocular pressure 

Lens Cataract

Retina Toxic retinopathy

Vitreous Opacification

Optic nerve Disc edema, optic neuritis, optic 
atrophy

Cranial nerves III, IV, 
V, VI

Ptosis, paresis with or without diplo-
pia, corneal hypesthesia

Extraocular muscles Fibrosis

Central nervous system Cortical blindness, internuclear 
ophthalmoplegia, blepharospasm

Note. Based on information from Palmer et al., 2008.
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Table 25-3. Ocular Toxicities of Antineoplastic Agents

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents

Alkylating 
agents

Busulfan
(intravenous [IV]: 
Busulfex®; oral: 
Myleran®)

Long-standing reports of cataract formation and blurred 
vision ; rare cases of keratoconjunctivitis sicca

(Bobba & Klein, 2012; Palmer et al., 2008; Singh & Singh, 
2012)

Toxic effects are believed to 
act on proliferating lens epi-
thelial cells.

(Bobba & Klein, 2012)

Carboplatin IV: Rare cases of blurred vision, eye pain; reports of macu-
lopathy and optic neuropathy with transient cortical blind-
ness when given to patients with renal dysfunction

Intracarotid: Reports of severe ocular and orbital toxicity in 
ipsilateral eye following intracarotid injection

(Al-Tweigeri et al., 1996; Singh & Singh, 2012; W. Wata-
nabe et al., 2002)

–

Chlorambucil
(Leukeran®)

Keratitis, diplopia, bilateral papilledema, retinal hemor-
rhages; oculomotor disturbance, disc edema, retinopathy

(Bobba & Klein, 2012; Palmer et al., 2008)

Ocular toxicity is rare.
(Bobba & Klein, 2012)

Cisplatin IV: Blurred vision, altered color perception, papilledema, 
decreased visual acuity, retrobulbar neuritis, transient cor-
tical blindness, disc edema, retinopathy, electroretinogram 
abnormalities, cavernous sinus syndrome, color blindness

Intracarotid: Ipsilateral visual loss (15%–60%) from retinal 
or optic nerve ischemia, possibly prevented by infusion 
distal to ophthalmic artery; optic neuropathy, unilateral 
vision loss; retinal pigment disturbances, altered color per-
ception, cotton wool spots, intraretinal hemorrhages

(Bobba & Klein, 2012; Kwan et al., 2006; Palmer et al., 
2008)

Ocular toxicity has gener-
ally been reported after the 
use of regimens with higher 
doses or greater dose fre-
quency than those recom-
mended by the manufac-
turer. Improvement or total 
recovery usually occurs 
after discontinuation of cis-
platin.

(Agustoni et al., 2014)

Cyclophospha-
mide

Blurred vision (reversible), keratoconjunctivitis sicca, pin-
point pupils

(Palmer et al., 2008; Singh & Singh, 2012)

–

Ifosfamide
(Ifex®)

IV: Blurred vision (reversible), conjunctivitis
(Bobba & Klein, 2012; Singh & Singh, 2012)

–

Mechlorethamine
(nitrogen mustard; 
Mustargen®, Val-
chlor®)

Intracarotid: Rare reports of ipsilateral necrotizing uveitis 
and necrotizing vasculitis of choroids

(Bobba & Klein, 2012)

No reports exist of ocular tox-
icity with IV administration.

(Bobba & Klein, 2012)

Oxaliplatin
(Eloxatin®)

Mild changes: Dry eyes, excessive tearing, severe ocular 
irritation, conjunctivitis, abnormal lacrimation

Severe changes: Retinal damages, visual field cuts
(Mesquida et al., 2010; Oncology.TV, 2011; Singh & Singh, 

2012)

Look for patients complain-
ing of blurred vision, visual 
loss, tunnel vision, or 
altered color vision. Most 
changes are transient and 
reversible once treatment is 
stopped.

(Mesquida et al., 2010)

Antimetabolites Capecitabine
(Xeloda®)

Ocular irritation, decreased vision, corneal deposits
(Singh & Singh, 2012; Walkhom et al., 2000)

–

(Continued on next page)
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Table 25-3. Ocular Toxicities of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Antimetabolites 
(cont.)

Cytarabine IV: Keratitis and conjunctivitis most common; blurred vision 
with evidence of bilateral conjunctival hyperemia, ocu-
lar pain, photophobia, and foreign body sensation at high 
doses; case reports of corneal toxicity with low dose of 
cytarabine

Intrathecal: Optic neuropathy leading to severe visual loss 
(may be potentiated by cranial radiation therapy)

(Bobba & Klein, 2012; Haddadin & Perry, 2012; Hopen et 
al., 1981; Lochhead et al., 2003)

Hydrocortisone or dexameth-
asone eye drops may pre-
vent keratitis. It is recom-
mended to start eye drops 
the evening before therapy 
begins.

(Cleri & Haywood, 2002)

5-Fluorouracil
(5-FU; Adrucil®)

Conjunctivitis, excessive lacrimation; tear duct fibrosis; 
blepharitis. Other ocular toxicities include keratocon-
junctivitis, cicatricial ectropion, ankyloblepharon, bleph-
arospasm, punctal occlusion, oculomotor disturbances, 
blurred vision, photophobia, nystagmus, increased lid 
necrosis after cryotherapy, ocular pain, circumorbital ede-
mas, dry eyes, and excessive tearing

(F.T. Fraunfelder et al., 2008; Haidak et al., 1978; Jans-
man et al., 2001; Oncology.TV, 2011; Palmer et al., 2008; 
Singh & Singh, 2012)

Loprinzi et al. (1994) stud-
ied the use of ice packs to 
decrease ocular irritation; 
effectiveness was also rein-
forced in a North Central 
Cancer Treatment Group 
clinical trial (ice applied for 
30 minutes, starting 5 min-
utes before infusion). 

The use of dexamethasone 
eye drops decreased ocular 
toxicities.

(Jansman et al., 2001)

Fludarabine Decreased visual acuity (most common presenting sign 
before development of progressive encephalopathy); rare 
cases of diplopia, photophobia, and optic neuritis

(Palmer et al., 2008; Singh & Singh, 2012) 

Effects are dose dependent.
(Bobba & Klein, 2012)

Gemcitabine
(Gemzar®)

Retinopathy
(Agustoni et al., 2014)

–

Methotrexate IV: Blepharitis, conjunctival hyperemia, increased lacrima-
tion, periorbital edema, photophobia, optic pain

Intrathecal: With concurrent radiation, case reports of bilat-
eral ophthalmoplegia with exotropia; optic nerve atrophy

Intra-arterial: Retinal changes in ipsilateral eye
(Bobba & Klein, 2012; F.T. Fraunfelder et al., 2008; Palmer 

et al., 2008; Singh & Singh, 2012)

Up to 25% of patients may 
develop ocular toxicity. Tox-
icity is more common with 
higher doses.

Drug is found in tears.
(Bobba & Klein, 2012; F.T. 

Fraunfelder et al., 2008; 
Palmer et al., 2008; Singh 
& Singh, 2012)

Pemetrexed
(Alimta®)

Conjunctivitis—generally associated with hyperemia, irrita-
tion, and serous secretions

(Agustoni et al., 2014)

Treatment usually involves 
use of artificial tears, with-
drawal of the agent, and 
short course of topical ste-
roids. Treatment is usually 
curative.

(Agustoni et al., 2014)

Pentostatin
(Nipent™)

Conjunctivitis, photophobia, diplopia; abnormal vision, 
amblyopia, conjunctivitis, dry eye, problems with lacrima-
tion, photophobia, retinopathy, watery eyes

(Haddadin & Perry, 2012; Singh & Singh, 2012)

–

Antitumor anti-
biotics

Doxorubicin
(Adriamycin®)

Conjunctivitis, increased lacrimation; increased lacrimation 
in up to 25% of patients receiving doxorubicin

(Bobba & Klein, 2012; Singh & Singh, 2012)

Serious ocular side effects 
are rare.

(Bobba & Klein, 2012)

(Continued on next page)
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Table 25-3. Ocular Toxicities of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Antitumor antibi-
otics (cont.)

Mitomycin
(Mutamycin®)

IV: Blurred vision
Topical: Keratoconjunctivitis
(Bobba & Klein, 2012; Palmer et al., 2008; Singh & Singh, 

2012)

Other than blurred vision, 
keratoconjunctivitis was 
reported after topical use in 
ophthalmologic surgeries.

(Bobba & Klein, 2012; Singh 
& Singh, 2012)

Mitoxantrone Conjunctivitis, discoloration of sclera
(Karch, 2014)

Drug is secreted in tears.

Epipodophyllo-
toxins

Etoposide 
(Toposar™);
Etoposide phos-
phate 
(Etopophos®)

Intracarotid: Optic neuritis, transient cortical blindness
(Lauer et al., 1999)

Effects occur when etoposide 
is given in combination with 
carboplatin.

(Lauer et al., 1999)

Nitrosoureas Carmustine 
(BiCNU®);
Lomustine  
(Gleostine®)

Optic neuritis and atrophy, hyperemia, orbital pain, retinop-
athy, corneal opacities and edema, orbital IV shunts, sec-
ondary glaucoma, internal ophthalmoplegia, blurred vision, 
vitreous opacification, extraocular muscle fibrosis, diplopia

IV: Rare reports of delayed blurred vision and loss of depth 
perception

Intracarotid: Severe, ipsilateral occurrences including arte-
rial narrowing, disc edema, and intraretinal hemorrhages

(Bobba & Klein, 2012; Palmer et al., 2008; Singh & Singh, 
2012)

–

Miscellaneous Mitotane
(Lysodren®)

Visual blurring, diplopia, lens opacity, toxic retinopathy
(Bristol-Myers Squibb Co., 2017; Palmer et al., 2008)

Ocular side effects are infre-
quent.

(Bristol-Myers Squibb Co., 
2017)

Procarbazine
(Matulane®)

Retinal hemorrhage, papilledema, photophobia, diplopia, 
inability to focus

(Sigma-Tau Pharmaceuticals, Inc., 2008)

Ophthalmic side effects are 
rare.

(Cleri & Haywood, 2002)

Taxanes Docetaxel  
(Taxotere®)

Epiphora, canalicular stenosis, nasolacrimal duct obstruc-
tion; conjunctivitis, punctal stenosis; optic neuropathy 

(Agustoni et al., 2014; Esmaeli, Valero, et al., 2001; 
Moloney et al., 2014; Singh & Singh, 2012)

Drug is secreted in tears.
Successful treatment is 

achieved with bicanalicular 
silicone intubation.

Optic neuropathy is treated 
with steroids.

(Ahmadi & Esmaeli, 2001; 
Esmaeli et al., 2002; 
Moloney et al., 2014)

Paclitaxel (Taxol®) Scintillating scotomas or “shooting lights” in 20% of cases, 
which resolved spontaneously; transient scintillating sco-
toma, visual impairment, photopsia, possible ischemic 
optic neuropathy; bilateral cystoid macular edema, retinal 
capillary leakage, intracellular fluid accumulation, glau-
coma; dry eye, keratitis

(Agustoni et al., 2014; Bobba & Klein, 2012; Rao & 
Choudhry, 2016; Singh & Singh, 2012)

Scotomas usually occur 
toward the end of the 3-hour 
infusion. Photopsia usually 
appears during the last 30 
minutes of the infusion and 
resolves within 3 hours.

Toxicities are treated by stop-
ping the agent and using 
topical carbonic anhy-
drase agents and injection 
of anti–vascular endothelial 
growth factor antibodies.

(Agustoni et al., 2014; Bobba 
& Klein, 2012; Rao & 
Choudhry, 2016)

(Continued on next page)
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Table 25-3. Ocular Toxicities of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Chemotherapy Agents (Cont.)

Vinca alkaloids Vinblastine  
(Velban®)

Extraocular muscle palsies; cranial nerve palsies, optic neu-
ropathy, optic atrophy, cortical blindness, night blindness

(F.W. Fraunfelder & Fraunfelder, 2004; Singh & Singh, 
2012)

–

Vincristine  
(Marqibo®)

Cranial nerve palsies, optic neuropathy, optic atrophy, case 
reports of transient cortical blindness, night blindness

(Bobba & Klein, 2012; Palmer et al., 2008; Singh & Singh, 
2012)

Effects usually are reversible 
after discontinuation of vin-
cristine.

(Bobba & Klein, 2012)

Hormone Therapy Agents

Aromatase 
inhibitors

Anastrozole (Arim-
idex®); exemes-
tane (Aroma-
sin®); letrozole 
(Femara®) 

Visual disturbances, retinal hemorrhages, hemiretinal artery 
occlusion, vitreoretinal traction, corneal epithelial cysts, 
dry eye, impact on retinal and optic nerve function

(Chatziralli et al., 2016)

–

Tamoxifen (Nolva-
dex®) 

Cataracts and decreased color vision; increased risk with 
doses > 20 mg/day; retinal toxicity (small refractile or crys-
talline dot-like yellowish deposits in the area surrounding 
the macula, in the nerve, and in plexiform layers); corneal 
opacities, retinopathy

(Bommireddy & Carrim, 2016; Gianni et al., 2006; Palmer et 
al., 2008; Singh & Singh, 2012; Tsai et al., 2003)

A baseline ophthalmic exam-
ination is recommended 
within the first year. Visual 
acuity along with macular 
edema may improve with 
tamoxifen withdrawal, but 
retinal deposits often do not.

Small doses of tamoxifen 
(20–40 mg/day) can cause 
ocular side effects. The inci-
dence rises with increasing 
total cumulative dose and 
duration of treatment.

(Bommireddy & Carrim, 2016 
Gianni et al., 2006; Gorin et 
al., 1998)

Immunotherapy Agents

Checkpoint 
inhibitors: 
CTLA-4

Ipilimumab
(Yervoy®)

Uveitis, iritis, papillitis; rare (< 1%) conjunctivitis, scleri-
tis, episcleritis, blepharitis, and temporal arteritis; tearing, 
diplopia, orbital inflammation, keratitis, dry eyes, blurred 
vision

(Huillard et al., 2014; Papavasileiou et al., 2016; Renouf et 
al., 2012; Zimmer et al., 2016)

Uveitis, iritis, and papillitis were 
successfully treated with top-
ical corticosteroid drops.

Treatment consisted of stop-
ping the agent and initiating 
adjunctive systemic and/or 
topical corticosteroids.

(Cunningham et al., 2016; 
Renouf et al., 2012; Zimmer 
et al., 2016)

Cytokines: Inter-
ferons

Interferon (IFN) 
alfa, IFN beta, and 
IFN gamma

Retinopathy, primarily retinal hemorrhages; cotton wool 
spots; disc edema

Vision changes, nonspecific conjunctivitis, and ocular pain 
are the most frequently reported ocular side effects.

(Esmaeli, Koller, et al., 2001; Palmer et al., 2008; Teitel-
baum, 2011; Willson, 2004)

Risk is increased in patients 
with hypertension or dia-
betes and those receiving 
higher doses. Effects may 
occur as soon as 15 min-
utes after initial exposure 
or take many months to be 
apparent. Less than 1% 
of patients receiving IFN 
develop ocular toxicities.

(Teitelbaum, 2011)

(Continued on next page)
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Table 25-3. Ocular Toxicities of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Immunotherapy Agents (Cont.)

Cytokines: Inter-
leukins

Interleukin-2 Neuro-ophthalmic effects including scotoma, diplopia, tran-
sient blindness, and visual hallucinations

(Teitelbaum, 2011)

–

Miscellaneous Retinoid Blepharoconjunctivitis, corneal opacities, papilledema, 
pseudotumor cerebri, night blindness

(Al-Tweigeri et al., 1996)

Avoid concurrent use of tetra-
cyclines and drugs causing 
intracranial hypertension.

(F.T. Fraunfelder et al., 2008)

Monoclonal anti-
bodies: Chimeric

Cetuximab 
(Erbitux®)

Blurred vision, eye pain, visual field cuts; blepharitis; eye-
lid dermatitis, conjunctivitis, poliosis (whitening of the eye-
lashes), corneal erosions, punctate keratitis

Relatively common: Loss of eyelashes/eyebrows (madaro-
sis) and/or cicatricial ectropion, loss of color of the skin 
around the eye with weekly infusions; trichomegaly

Very rare: Bilateral ocular discomfort with itchiness around 
both eyelids, foreign body sensation, tearing associated 
with exfoliated skin, oil secretions, crusty scaling

(Basti, 2007; Garibaldi & Adler, 2007; Huillard et al., 2014; 
Liu & Kurzrock, 2015; Oncology.TV, 2011; Ramírez-Soria 
et al., 2008; Renouf et al., 2012; Robert et al., 2005; 
Tonini et al., 2005)

Ocular side effects occurred 
in < 20% of patients and 
resolved after treatment 
was discontinued.

Blepharitis was treated with 
oxytetracycline cream three 
times a day for 20 days.

Madarosis and cicatricial 
ectropion resolved after dis-
continuation of cetuximab.

Ocular discomfort cleared 
up with topical antibiotics 
and holding therapy. Many 
researchers recommend 
an ophthalmologist refer-
ral for patients experienc-
ing trichomegaly if eye irri-
tations occur and eyelashes 
may be carefully and safely 
trimmed. However, Basti 
(2007) advises patients to 
not cut their lashes or have 
them cut. Waxing or electrol-
ysis may be recommended.

(Basti, 2007; Braiteh et al., 
2008; Eaby et al., 2008; 
Esper et al., 2007; Garibaldi 
& Adler, 2007; Oncology.TV, 
2011; Ramírez-Soria et al., 
2008; Segaert & Van Cutsem, 
2005; Tonini et al., 2005)

Rituximab
(Rituxan®)

Conjunctivitis, transient ocular edema, burning sensation, 
transient visual changes or permanent and severe loss of 
visual acuity

(Singh & Singh, 2012)

–

Monoclonal anti-
bodies: Human

Panitumumab 
(Vectibix®)

Keratitis and ulcerative keratitis, conjunctivitis, ocular hyper-
emia, increased lacrimation, eye/eyelid irritation, growth of 
eyelashes

(Amgen Inc., 2017; Cunningham et al., 2016; Huillard et al., 
2014; Liu & Kurzrock, 2015; Oncology.TV, 2011; Singh & 
Singh, 2012)

Onset of ocular symptoms is 
14–15 days after first dose 
of panitumumab. Symptoms 
resolve after panitumumab 
is stopped. Median time of 
resolution is 84 days.

(Amgen Inc., 2017)

Monoclonal anti-
bodies: Human-
ized

Bevacizumab 
(Avastin®)

Lacrimation disorder, eye disorder, blurred vision; glaucoma
(Eadie et al., 2017; Huillard et al., 2014)

The risk of glaucoma and 
having glaucoma surgery 
was greatly increased when 
patients received 7 or more 
injections.

(Eadie et al., 2017)

(Continued on next page)
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Table 25-3. Ocular Toxicities of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Immunotherapy Agents (Cont.)

Monoclonal anti-
bodies: Human-
ized (cont.)

Pertuzumab
(Perjeta®)

Increased lacrimation
(Huillard et al., 2014)

–

Trastuzumab
(Herceptin®)

Conjunctivitis, papilledema, retinal hemorrhage, dry eye, 
increased lacrimation

(Huillard et al., 2014)

–

Miscellaneous Agents

Miscellaneous Bisphosphonates Conjunctivitis, uveitis, scleritis; episcleritis, eyelid edema, 
optic neuritis, periorbital edema; orbital inflammation

(Cunningham et al., 2016; F.T. Fraunfelder et al., 2008; 
Renouf et al., 2012)

Bisphosphonates must be 
discontinued for symptoms 
to resolve.

Oral corticosteroids are used 
for severe inflammation or 
other symptoms.

Most reports describe the 
onset of symptoms within 
48 hours of the initial infu-
sion, along with flu-like 
symptoms, fever, or myal-
gia.

(Cunningham et al., 2016; 
F.T. Fraunfelder et al., 2008; 
Renouf et al., 2012)

Corticosteroids Posterior subcapsular cataracts, glaucoma, retinal hemor-
rhage; opportunistic eye infections, visual field defects, 
blurred vision, diplopia, exophthalmos, scleral discolor-
ation

Increased intraocular pressure and subsequent glaucoma 
have been noted with long-term use.

(Loredo et al., 1972; Palmer et al., 2008; Teitelbaum, 2011) 

–

Cyclosporine A Optic neuropathy; blurred vision, retinopathy, case reports 
of cortical blindness

(Mejico et al., 2000; Palmer et al., 2008)

Combination of cyclospo-
rine A and total body irra-
diation may increase sus-
ceptibility to develop radia-
tion-induced optic neurop-
athy; patients’ symptoms 
improved to some extent 
when cyclosporine was dis-
continued.

(Mejico et al., 2000)

Deferoxamine 
mesylate/ 
desferrioxamine 
(Deseferal®)

Night blindness, visual field constriction, cataracts, pig-
mentary retinopathy, optic neuropathy; blurring vision, 
decreased visual acuity, vision loss, visual defects, sco-
toma, optic neuritis, corneal opacities, and impaired 
peripheral, color, and night vision

(Arora et al., 2004; Novartis Pharmaceuticals Corp., 2015)

Ocular side effects occurred 
related to prolonged use 
and high doses or in 
patients with low ferritin lev-
els; ocular disturbances 
were reversible upon ces-
sation of treatment.

 (Arora et al., 2004; Novar-
tis Pharmaceuticals Corp., 
2015)

(Continued on next page)
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Table 25-3. Ocular Toxicities of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Miscellaneous Agents (Cont.)

Miscellaneous 
(cont.)

Ethambutol  
hydrochloride

Decreased visual acuity, color blindness, visual defect, pos-
sible irreversible blindness, optic neuritis

(STI Pharma, LLC, 2017)

Ocular toxicity can happen at 
any dose but is increased at 
doses > 50 mg/kg; change 
in visual acuity can be uni-
lateral or bilateral. Testing 
for visual acuity should be 
performed before treatment 
begins and periodically dur-
ing treatment, unless dose 
is > 15 mg/kg/day, in which 
monthly testing is needed.

(Donald et al., 2006; STI 
Pharma, LLC, 2017)

Mannitol  
(Osmitrol®)

Blurred vision
(Baxter Healthcare Corp., 2011)

Because of fluid and electro-
lyte shift, side effects can 
be prevented with close 
monitoring and test dose 
to evaluate degree of renal 
failure when indicated. 

(Baxter Healthcare Corp., 
2011)

Tacrolimus  
(Prograf®)

Optic neuropathy
(Mejico et al., 2000)

–

Radiation ther-
apy

– Xerophthalmia, keratoconjunctivitis (dry eye syndrome), 
pain, sensation of a foreign body in the eye, corneal ulcer-
ation

(Brigden & McKenzie, 2000)

Xerophthalmia is caused by 
the radiation effect on the 
lacrimal and other adnexal 
glands that contribute to 
tear production. Lubricants 
and an ophthalmologic con-
sultation are helpful.

(Brigden & McKenzie, 2000)

Targeted Therapy Agents

Small molecule 
inhibitors

Afatinib
(Gilotrif®)

Conjunctivitis, keratitis; blepharitis, corneal thinning and 
erosion, dry eye syndrome, trichomegaly, uveitis

(Agustoni et al., 2014; Davis, 2016; Huillard et al., 2014)

Ocular toxicity occurred in 
13%–20% of patients; none 
were greater than a grade 
3.

(Agustoni et al., 2014)

Axitinib
(Inlyta®)

Retinal artery occlusion, retinal vein occlusion/thrombosis
(Huillard et al., 2014)

–

Binimetinib  
(Mektovi®)

Retinopathy
(van Dijk et al., 2016; Watanabe et al., 2016)

Stopping the agent would 
resolve the retinopathy par-
tially to completely. Reti-
nal adverse events were 
resolved in a majority of 
patients with stopping the 
agent or dose reduction.

(van Dijk et al., 2016; Wata-
nabe et al., 2016)

(Continued on next page)
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Table 25-3. Ocular Toxicities of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small molecule 
inhibitors (cont.)

Bortezomib
(Velcade®)

Chalazia
(F.W. Fraunfelder & Yang, 2016)

Toxicity is reported as rashes, 
fatigue, and ocular inflam-
mation. Effects start within 
3 months of therapy. Stop-
ping the agent has led to 
resolution or improvement.

(F.W. Fraunfelder & Yang, 
2016)

Crizotinib 
(Xalkori®)

Visual impairment, photopsia, blurred vision, vitreous float-
ers, photophobia, diplopia

(Agustoni et al., 2014; Davis, 2016; Huillard et al., 2014) 

Toxicities occurred in 62% of 
patients. Most events were 
grade 1 and started within 
2 weeks.

(Agustoni et al., 2014)

Dabrafenib
(Tafinlar®)

Uveitis, iritis; central macular edema, photophobia
(Davis, 2016; Huillard et al., 2014)

–

Erlotinib
(Tarceva®)

Periorbital rash, conjunctivitis, eyelid ectropion, eyelash tri-
chomegaly

Episcleritis and corneal abrasion related to infectious ker-
atitis

(Agustoni et al., 2014; Davis, 2016; Huillard et al., 2014; 
Kosker & Celik, 2015; Liu & Kurzrock, 2015; Methvin & 
Gausas, 2007; Renouf et al., 2012; Robert et al., 2015; 
Singh & Singh, 2012)

Side effects resolved within 6 
weeks after treatment was 
stopped.

See cetuximab for comments 
regarding trichomegaly.

(Methvin & Gausas, 2007; 
Renouf et al., 2012)

Gefitinib
(Iressa®)

Common: Conjunctivitis, blepharitis, eye dryness
Uncommon: Corneal erosion related to eyelash growth (tri-

chomegaly)
Very rare: Corneal membrane sloughing, ocular ischemia
(Agustoni et al., 2014; Davis, 2016; Huillard et al., 2014; Liu 

& Kurzrock, 2015)

–

Imatinib mesylate
(Gleevec®)

Periorbital edema; dry eyes, visual disorders such as 
blurred vision, reduced visual acuity, and visual distur-
bances; epiphora, optic neuritis, cystoid macular edema

(Davis, 2016; Huillard et al., 2014; Liu & Kurzrock, 2015; 
Renouf et al., 2012; Robert et al., 2005; Singh & Singh, 
2012)

Periorbital edema devel-
ops in 70% of patients and 
usually occurs 5–8 weeks 
after treatment starts. It can 
occur 24 hours after treat-
ment starts or up to one 
year after, depending on 
dose. It is usually mild and 
does not require therapy.

(Hager & Seitz, 2014)

Pazopanib
(Votrient®)

Eyelash discoloration, eye edema
(Huillard et al., 2014)

–

Sunitinib
(Sutent®)

Periorbital edema; neurosensory retinal detachment; 
increased lacrimation, eyelid edema

(Davis, 2016; Huillard et al., 2014; Renouf et al., 2012; Rob-
ert et al., 2005)

Effects resolve after epider-
mal growth factor recep-
tor inhibitor treatment is 
stopped.

(Renouf et al., 2012; Robert 
et al., 2005)

(Continued on next page)
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Table 25-3. Ocular Toxicities of Antineoplastic Agents (Continued)

Classification Drug Side Effects Nursing Considerations

Targeted Therapy Agents (Cont.)

Small molecule 
inhibitors (cont.)

Trametinib
(Mekinist®)

Gradual or immediate loss of vision, including blind spots; 
temporarily or permanently blurred vision; dimness of 
vision; double vision; halo vision around lights; colorful 
spots or floaters; changes in color vision

(Agustoni et al., 2014; Davis, 2016; Huillard et al., 2014; 
Purbrick et al., 2017)

Ocular toxic effects were 
seen in 15% of patients.

(Purbrick et al., 2017)

Vandetanib
(Caprelsa®)

Conjunctivitis, corneal structure change, glaucoma, vor-
tex keratopathies, cataract, dry eye, blurred vision, visual 
impairment, halo vision, photopsia, accommodation dis-
orders

(Davis, 2016; Huillard et al., 2014)

Cornea verticillata (brown-
ish lines within the corneal 
epithelium) may develop. 
Complete regression of the 
cornea verticillata occurs 
after the drug is stopped, 
but it may take several 
months to resolve.

(Hager & Seitz, 2014)

Vemurafenib  
(Zelboraf®)

Uveitis, iritis, retinal vein occlusion, blurry vision, photopho-
bia, vision disorder

(Huillard et al., 2014)

–

5. Conjunctiva and sclera: Ask the patient to look up 
as you depress both lower lids with your thumbs, 
exposing the sclera and conjunctiva. Inspect for 
color, vascular pattern, discharge, and any nod-
ules or swelling.

6. Cornea, lens, iris, and pupils: Observe the cor-
nea and lens for smooth appearance, clarity, and 
any opacities in the lens. Test corneal reflex by 
gently touching a cotton swab to corneal surface. 
Observe iris and pupils. Margins should be clearly 
identified. Observe the pupils for size, shape, and 
symmetry. If the pupils are larger than 5 mm or 
smaller than 3 mm, then measure the pupils with 
a pupil guide (a card or pen light with black cir-
cles of varying sizes). Test the pupils for light reac-
tion, observing for direct reaction (pupillary con-
striction in the same eye) and consensual reac-
tion (pupillary constriction in the opposite eye). 
Note pain and photophobia.

7. Extraocular muscles (cranial nerves): Observe 
for light reflex (shining a light in the patient’s 
eyes and inspecting the reflections in the cor-
neas) and extraocular movement by having the 
patient follow finger movements in six planes 
and convergence. Note any unilateral movement, 
lack of movement, nystagmus, lid lag, or other 
abnormal movements.

G. Collaborative management
1. Refer to an ophthalmologist for further evalua-

tion and treatment.

2. Symptoms that necessitate a referral (Ouwerkerk 
& Boers-Doets, 2010)
a) Persistent ocular pain, significant loss of 

vision, or decreased acuity of vision
b) Severe redness of the eye or light sensitivity
c) Trichomegaly
d) Failure to respond to treatment within one 

week of initiation of treatment for squamous 
blepharitis, meibomitis, or dysfunctional 
tear syndrome

3. Instruct patients to use pharmacologic manage-
ment as appropriate (e.g., antibiotics, steroids, 
artificial tears).

4. Prevent further damage: Discontinue causative 
agent and promote symptom management.

5. Surgical interventions may be necessary (e.g., cat-
aract surgery, dilation for punctal stenosis, enu-
cleation).

H. Patient and family education
1. Teach patients self-examination techniques, 

emphasizing the importance of close monitoring 
and prompt reporting of any structural changes 
in eyelids or eyelashes or changes in vision.

2. Emphasize the importance of careful hygiene 
and handwashing techniques to minimize 
cross-contamination.

3. Demonstrate the proper use of eye drops and 
lubricants.

4. Encourage patients to schedule regular eye 
examinations.
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CHAPTER 26

Post-Treatment and  
Survivorship Care

A. Overview: In 1985, Fitzhugh Mullan famously wrote 
about his experience with cancer and acknowledged 
that survivorship “begins at the point of diagnosis” 
(p. 270). Subsequently, major federal, public, and pri-
vate cancer organizations have defined survivorship as 
beginning with diagnosis and continuing for the rest 
of life. Over the past 30 years, the number of cancer 
survivors in the United States has increased from 3 mil-
lion to more than 15.5 million (American Cancer Soci-
ety, 2016). The number is expected to increase to 20.3 
million (a 31% increase) by 2026 (Bluethmann, Mari-
otto, & Rowland, 2016). Early diagnosis and advances 
in cancer treatment have led to improved five-year 
relative survival rates for all cancers from 49% in the 
1970s to 69% for those diagnosed between 2008 and 
2014 (Noone et al., 2018). The exponential growth 
in the number of older survivors has been called the 
“silver tsunami” and has led to the prediction that by 
2040, 73% of cancer survivors will be aged 65 years 
and older (Bluethmann et al., 2016).
1. Childhood cancer survivors: Childhood can-

cers are now often cured; approximately 84% of 
children and adolescents survive a cancer diag-
nosis (Siegel, Miller, & Jemal, 2018). However, 
long-term survivors of childhood cancer are at 
risk for long-term effects from their disease and 
treatment.
a) Research suggests that approximately 70% of 

survivors of childhood cancers have one or 
more treatment- or disease-related long-term 
effects (Phillips et al., 2015).

b) The Children’s Oncology Group (2013) pub-
lished long-term follow-up guidelines for 
screening and management of late effects 
for survivors of childhood cancer (available 
at http://survivorshipguidelines.org).

2. Adult cancer survivors: Currently, 62% of cancer 
survivors are aged 65 years or older and almost 
half (47%) are aged 70 or older (Siegel et al., 
2018). Meanwhile, U.S. survival statistics have 

improved more slowly for older survivors com-
pared to younger survivors of cancer in the past 
two decades (Zeng et al., 2015). This trend likely 
reflects decreased use or efficacy of new therapies 
in older adults with cancer (Siegel et al., 2018).

3. In addition to the physical long-term and late 
effects of cancer and its treatment, child, ado-
lescent, adult, and older adult cancer survivors 
may face a spectrum of psychological, financial, 
emotional, spiritual, and social challenges. The 
number and types of continuing, long-term, and 
late effects experienced by an individual survi-
vor are influenced by the type and dose of treat-
ments received.

4. Nurses have multiple roles in the continuing care 
of cancer survivors. These roles include moni-
toring, assessing, and treating survivors for the 
effects of treatment that emerge after comple-
tion of therapy. Nurses have a vital role in teach-
ing survivors about the advantages of a healthy 
lifestyle and other interventions to minimize the 
potential effects of a cancer diagnosis and can-
cer treatment.

B. Survivorship care
1. Follow-up care for cancer survivors is recom-

mended for life. All follow-up care is site and 
treatment specific. The National Comprehensive 
Cancer Network® (NCCN®, www.nccn.org) pro-
vides evidence-based guidelines for site-specific 
follow-up care.

2. Early follow-up care occurs frequently and empha-
sizes management of continuing physical psycho-
logical, financial, emotional, spiritual, and social 
effects of disease and treatment, as well as sur-
veillance for and detection of disease recurrence.

3. Long-term follow-up care focuses on anticipat-
ing and identifying late effects of the disease or 
treatment, as well as continued surveillance for 
disease recurrence.

http://survivorshipguidelines.org
http://www.nccn.org
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4. Essential elements of comprehensive survivor-
ship care
a) Components include a survivorship care plan 

(SCP), psychosocial care plan, and treatment 
summary; screening for new cancers and sur-
veillance for recurrence; care coordination; 
health promotion education; and symptom 
management and palliative care (Rechis, Beck-
jord, Arvey, Reynolds, & McGoldrick, 2011).

b) Additional recommended elements of sur-
vivorship care include education regarding 
late effects, survivorship, available programs, 
and self-advocacy; comprehensive medical 
and psychosocial assessments; rehabilitation 
and lifestyle services; family and caregiver 
support; transition visits; and patient navi-
gation (Rechis et al., 2011).

c) Care coordination may be the most impor-
tant component of survivorship care (Salz 
& Baxi, 2016). The interprofessional can-
cer care team, primary care providers, and 
other specialist providers participate in 
post-treatment care.

d) Nursing assessment and care: RNs and 
advanced practice nurses have been identi-
fied as appropriate members of the cancer 
care team who are prepared to coordinate 
care and deliver the SCP to survivors at the 
completion of their treatment (American 
College of Surgeons Commission on Can-
cer [ACoS CoC], 2015).

(1) Holistic needs assessment: Facilitate 
person-centered care by gathering 
information on the patient’s physical, 
emotional, spiritual, mental, social, 
and environmental well-being (Young, 
Cund, Renshaw, Quigley, & Snowden, 
2015).

(2) Sleep quality: Sleep quality issues are 
a challenge for many cancer survivors 
after treatment and should be part of 
the patient assessment (Mustian et al., 
2013; Phipps et al., 2016).

5. SCPs were recommended in the seminal publica-
tion From Cancer Patient to Cancer Survivor: Lost in 
Transition (Hewitt, Greenfield, & Stovall, 2006) 
and in The Essential Elements of Survivorship Care 
(Rechis et al., 2011). In 2016, ACoS CoC incor-
porated the provision of a survivorship plan of 
care as a standard for cancer center accreditation. 
Despite the promise of SCPs and current require-
ments from ACoS CoC, research trials have not 
yet demonstrated efficacy (Salz & Baxi, 2016).
a) All patients completing primary treatment 

should be provided with an SCP. It should be 

communicated and written by the principal 
care provider(s) who coordinated oncology 
treatment. The plan should summarize crit-
ical information needed for the survivor’s 
long-term care (Mayer et al., 2014). Discus-
sion of the SCP with the patient is required 
to meet the ACoS CoC standard.

b) The SCP includes a treatment summary and 
addresses post-treatment needs and follow-up 
care to improve health and quality of life. 
Many organizations have developed templates 
for SCPs, including the American Society of 
Clinical Oncology (n.d.) and the Journey For-
ward initiative, a collaboration of multiple 
organizations including the Oncology Nurs-
ing Society, the National Coalition for Can-
cer Survivorship, and other academic, com-
munity, and industry partners (www.journey 
forward.org/about-journey-forward).

c) The SCP minimally includes general patient 
information, provider contact information, 
comprehensive treatment summary, genetic 
risk assessment, follow-up plan of care 
including surveillance and screening sched-
ule, potential long-term and late effects spe-
cific to the cancer type and the treatment 
received, and required patient education 
(ACoS CoC, 2015).

6. Models of survivorship care: Although different 
models for delivering survivorship care have been 
implemented, superiority of one model has not 
yet been demonstrated, and models vary widely 
by institution. Models may include specialist-led 
care, nurse-led care, community-based fam-
ily physician–led care, and interprofessional or 
shared care (Halpern et al., 2015).

C. Late effects of cancer treatment: Second malignant 
neoplasms (SMNs) and cardiovascular disease (CVD) 
are among the most serious and life-threatening late 
adverse effects of cancer treatment.
1. Incidence

a) Cancer survivors have an increased risk of 
developing another malignancy, given the 
longer duration of cancer survivorship, with 
the lifetime risk reaching as high as 33% 
and a greater risk for mortality (Donin et 
al., 2016). More than 8% of patients diag-
nosed with 1 of the 10 most prevalent can-
cers were found to have an SMN, the most 
common of which is lung cancer (Donin et 
al., 2016).

b) The 30-year cumulative incidence of SMNs 
among survivors of childhood malignancies 
is 20.5% when including nonmelanoma skin 

http://www.journeyforward.org/about-journey-forward
http://www.journeyforward.org/about-journey-forward
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cancer and 7.9%, when excluding nonmel-
anoma skin cancer (Friedman et al., 2010).

2. Therapy-related risk factors
a) Chemotherapy

(1) Chemotherapy is associated with a risk 
of SMN, primarily treatment-related 
leukemia and, to a lesser extent, solid 
tumors (Cowell & Austin, 2012; Ng & 
Travis, 2008; Travis et al., 2010).

(2) Type of chemotherapy: Alkylating 
agents are associated with the great-
est incidence of late effects (Turcotte 
et al., 2017).

(3) Dose: Higher cumulative dose increases 
the risk of treatment-related leukemia 
(Leone, Fianchi, & Voso, 2011; Travis et 
al., 2010). Higher cumulative doses of 
alkylating agents are associated with an 
increased risk of multiple health con-
ditions (Oeffinger et al., 2006).

(4) Agents with known carcinogenic poten-
tial are noted in Chapter 12.

b) Radiation therapy
(1) Radiation-associated solid tumors are 

the most common type of SMN (Ng, 
Kenney, Gilbert, & Travis, 2010).

(2) Radiation is associated with a risk of 
solid tumors that develop within or 
near the radiation fields and have a 
latency period of 5–10 years (Ng & Tra-
vis, 2008; Travis et al., 2012).

(3) The risk of an SMN from radiation 
increases with the dose of radiation 
and the extent of the radiation field 
(Braunstein & Nakamura, 2013; Tra-
vis et al., 2012).
(a) Advances in three-dimensional 

imaging of tumors have allowed 
for reduction of the radiation field 
(Travis et al., 2014).

(b) Advances in radiation technol-
ogy allow for more precise deliv-
ery of radiation to the tumor so 
that increased doses can be deliv-
ered to the tumor while sparing 
healthy tissue (Travis et al., 2014).

(c) Treatment with 35 gray (Gy) 
involved-field radiation therapy 
(IFRT): Compared to 35 Gy man-
tle radiation therapy, 35 Gy IFRT 
is estimated to reduce the risk for 
female breast and lung cancer by 
approximately 65% and the risk for 
male lung cancer by approximately 
35%. Reducing the dose of IFRT 

from 35 Gy to 20 Gy is estimated 
to reduce the risk approximately 
40% more (Koh et al., 2007).

c) Combination chemotherapy and radiation
(1) Few high-quality studies have reported 

the association of the combination of 
radiation and alkylating agents with 
increased risk of SMNs (Morton et al., 
2013; Oeffinger et al., 2006).

(2) Exposure to one of five specific com-
binations is associated with a risk of 
having a severe health condition that 
is at least 10 times the expected risk 
(Oeffinger et al., 2006).

i. Chest irradiation plus bleo-
mycin

ii. Chest irradiation plus an 
anthracycline

iii. Chest irradiation plus abdom-
inal or pelvic irradiation

iv. An anthracycline plus an 
alkylating agent

v. Abdominal or pelvic irradia-
tion plus an alkylating agent

d) Immunotherapy
(1) Data on late effects of immuno-

therapy are emerging as agents are 
approved and individuals receive 
standard-of-care treatment with 
long-term follow-up.

(2) Most late effects are reported in the con-
text of case studies and in relation to 
the checkpoint inhibitors and include 
pneumonitis, pericarditis, and entero-
colitis (Blevins Primeau, 2018).

(3) A unique attribute of immunotherapy 
treatment is the potential for long-term 
immunogenicity, surveillance that can 
protect against future recurrence but 
may also have adverse sequelae for 
healthy cells. One example involves the 
potential for prolonged B-cell aplasia 
in patients who have undergone CAR 
T-cell therapy (Kalos et al., 2013).

3. Patient-related risk factors
a) Age

(1) Younger age at cancer diagnosis 
increases the risk of developing an 
SMN (Friedman et al., 2010). The risk 
of developing a subsequent cancer in 
childhood cancer survivors is estimated 
at three- to sixfold (Reulen et al., 2011).

(2) Developing organs in younger patients 
may be especially vulnerable to the 
effects of medication and radiation 



602

(Ng, Kenney, et al., 2010). Older 
patients who experience adverse effects 
from their disease or its treatment 
may be unable to compensate for lost 
function.

(3) The cumulative incidence of a chronic 
health condition in childhood can-
cer survivors is more than 70% within 
30 years of the cancer diagnosis, and 
more than 40% of these conditions will 
be severe, disabling, or fatal (Oeffin-
ger et al., 2006). Hospitalization rates 
of childhood cancer survivors are 1.6 
times the rate in the general U.S. pop-
ulation, indicating that while cure may 
be attainable for many children with 
cancer, the long-term health effects and 
costs associated with treatment-related 
long-term toxicities are notable (Kurt 
et al., 2012).

b) Sex
(1) Female childhood cancer survivors are 

more likely than male survivors to have 
one or more chronic health conditions 
(Oeffinger et al., 2006).

(2) Overall, women have a slightly higher 
risk of SMNs than men (Friedman et 
al., 2010; Miller et al., 2016).

c) Exposures
(1) Tobacco and alcohol exposure increase 

the risk of developing an SMN in all 
cancer survivors (Wood et al., 2012).

(2) Infections such as human papilloma-
virus (HPV) may increase the risk of 
SMNs in survivors of cervical and head 
and neck cancers, and HPV and hepa-
titis B and C increase the risk in hema-
topoietic stem cell transplant (HSCT) 
recipients (Diaz et al., 2016; Inamoto 
et al., 2015; Ng & Travis, 2008).

(3) Sun exposure (Ng & Travis, 2008)
d) Diet and exercise: Caloric excess, a diet low 

in fruits and vegetables, obesity, and physi-
cal inactivity contribute to the risk of SMNs 
involving the upper aerodigestive tract, 
colon cancer, breast cancer, and cancers of 
the female reproductive organs (Rock et al., 
2012; Wood et al., 2012).

e) Immunodeficiency increases the risk of 
SMNs. Immune dysregulation may be asso-
ciated with primary cancers such as leukemia 
and lymphoma or with immunosuppressive 
treatment (Brewer, Habermann, & Shanafelt, 
2014; Inamoto et al., 2015; Ng, 2014; Visen-
tin et al., 2017).

f) Genetic predisposition: Patients with genetic 
phenotypes that contributed to the develop-
ment of their original cancer are at increased 
risk for a secondary cancer. Common syn-
dromes identified with increased risk are 
hereditary breast and ovarian cancer and 
hereditary nonpolyposis colorectal cancer, 
or Lynch syndrome (Wood et al., 2012).

4. Types of late effects
a) Nonmalignant physical effects (Treanor & 

Donnelly, 2014; see Table 26-1)
(1) Cardiovascular: Cardiomyopathy, 

subclinical left ventricular dysfunc-
tion, coronary artery disease, valvular 
heart disease, pericardial disease, and 
arrhythmias
(a) T h e  r i s k  o f  d e v e l o p i n g 

anthracycline-associated cardio-
toxicity increases with the total life-
time cumulative dose of doxorubi-
cin at 400–550 mg/m2, with many 
patients receiving lower doses 
(Chen, Colan, Diller, & Force, 
2011; McGowan et al., 2017). All 
patients treated with an anthracy-
cline should be considered at risk 
for cardiac dysfunction.

(b) More than 50% of children treated 
for childhood cancers are at an 
increased risk for CVD 5–10 years 
following chemotherapy (Hen-
ning & Harbison, 2017).

(c) Cardiotoxicity from commonly 
used anticancer drugs (e.g., 
anthracyclines, monoclonal anti-
bodies, tyrosine inhibitors) may 
not occur or become clinically evi-
dent until 10–20 years after che-
motherapy treatment (Henning 
& Harbison, 2017).

(d) Cisplatin is associated with an 
increased risk of cardiovascular 
risk factors, such as obesity, lipid 
abnormalities (decreased HDL 
and elevated LDL), and hyper-
tension, and can be detected in 
the blood up to 20 years after 
treatment (Carver et al., 2007; 
Okwuosa, Anzevino, & Rao, 2017).

(2) Pulmonary: Pulmonary fibrosis, dys-
pnea, radiation pneumonitis, idio-
pathic pneumonia syndrome, bron-
chiolitis obliterans, generally impaired 
pulmonary function (Treanor & Don-
nelly, 2014)
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Table 26-1. Potential Late Medical Effects by Body Function or System and Associated Treatments

Function or 
System Associated Treatments Potential Late Effect(s)

Auditory Platinum agents, head radiation therapy Hearing loss, tinnitus

Bladder Cyclophosphamide, pelvic and lumbar–sacral radia-
tion, spinal surgery, cystectomy, prostatectomy

Bladder fibrosis, incontinence, neurogenic bladder

Cardiovascular Anthracyclines, cyclophosphamide, cisplatin, fluoro-
uracil, taxanes, trastuzumab, radiation therapy

Cardiomyopathy, ischemia, pericardial disease, 
arrhythmias, CHF, CAD, valvular heart disease

Cognitive IT or high-dose methotrexate; high-dose cytarabine; 
adjuvant chemotherapy for breast cancer; systemic 
chemotherapy treatment for lung cancer, ovarian can-
cer, and lymphoma; cranial radiation; neurosurgery

Alterations in attention, concentration, memory, and 
mental processing speed; visual and auditory impair-
ment; dementia

Endocrine Corticosteroids, hormone therapy, head/neck radiation 
therapy, HSCT

Hypothyroidism, hypopituitarism, hyperparathyroidism, 
adrenal dysfunction

Gastrointestinal Head/neck, abdominal, and pelvic radiation ther-
apy; head/neck, colorectal, and pelvic/spinal surgery; 
HSCT with chronic GVHD

Diarrhea, incontinence, constipation, GI tract stric-
tures/fibrosis/vasculitis, obstruction, impaired swallow-
ing, impaired absorption of nutrients, fistulas

Hepatic Antimetabolites, abdominal radiation therapy, HSCT Hepatitis B and C, hepatic dysfunction, cirrhosis, cho-
lelithiasis

Lymphatic Radiation therapy, melanoma excision, pelvic lymph 
node dissection, axillary lymph node dissection

Lymphedema

Neurologic— 
central

High-dose IV and IT methotrexate; high-dose cytara-
bine; head, brain, and neck radiation therapy; neuro-
surgery

Motor and sensory deficits, leukoencephalopathy, 
stroke, seizures

Neurologic—
peripheral

Brachial or lumbosacral plexus radiation therapy, spi-
nal surgery, vincristine, vinblastine, platinum agents, 
taxanes, bortezomib, thalidomide

Brachial plexopathy, peripheral neuropathy

Ocular Corticosteroids, busulfan, tamoxifen, head and TBI 
radiation therapy, neurosurgery, HSCT with GVHD

Cataracts, glaucoma, retinopathy, ocular nerve palsy, 
xerophthalmia

Psychosocial Any cancer treatment Depression, anxiety, PTSD, financial and health insur-
ance coverage challenges, altered body image

Renal Cisplatin, methotrexate, nitrosoureas, nephrectomy, 
abdominal and TBI radiation therapy

Renal dysfunction, HTN, chronic kidney disease

Respiratory Alkylating agents, bleomycin, busulfan, and nitro-
soureas; head/neck, chest, and TBI radiation therapy; 
head/neck surgery and pulmonary lobectomy; HSCT 
with GVHD

Dyspnea, pulmonary fibrosis, pneumonitis, idiopathic 
pneumonia syndrome, bronchiolitis obliterans

Skeletal Alkylating agents, anthracyclines, taxanes, corticoste-
roids, hormone therapies, aromatase inhibitors, pelvic 
radiation therapy, orchiectomy, androgen ablation

Osteopenia, osteoporosis

Sexual/reproduc-
tive

Alkylating agents, abdominal/pelvic radiation and sur-
gery, androgen-suppressing treatments

Infertility; higher risk of miscarriage, preterm labor, and 
low birth-weight infants; erectile dysfunction; painful 
sex, diminished libido

CAD—coronary artery disease; CHF—congestive heart failure; GI—gastrointestinal; GVHD—graft-versus-host disease; HSCT—hematopoietic stem cell 
transplantation; HTN—hypertension; IT—intrathecal; IV—intravenous; PTSD—post-traumatic stress disorder; TBI—total body irradiation
Note. Based on information from Andersen et al., 2014; Bower et al., 2014; Hershman et al., 2014; Koelwyn et al., 2012; Lenihan & Cardinale, 2012; Mar-
chese et al., 2011; Travis et al., 2012; Treanor & Donnelly, 2014; Valdivieso et al., 2012.
From “Late Effects of Cancer Treatment” (p. 2031), by K.M. Slusser in C.H. Yarbro, D. Wujcik, and B.H. Gobel (Eds.), Cancer Nursing: Principles and Prac-
tice (8th ed.), 2018, Burlington, MA: Jones & Bartlett Learning. Copyright 2018 by Jones & Bartlett Learning, www.jblearning.com. Reprinted with permis-
sion.

http://www.jblearning.com
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(3) Renal and hepatic: Nephropathy, 
chronic kidney disease, hepatitis B and 
C (Treanor & Donnelly, 2014)

(4) Musculoskeletal: Osteopenia, osteopo-
rosis, osteonecrosis (Treanor & Don-
nelly, 2014)

(5) Endocrine: Hypothyroidism, growth 
hormone deficiency, gonadal failure, 
panhypopituitarism, adrenal insuffi-
ciency or dysfunction, diabetes melli-
tus, hypopituitarism, hyperparathy-
roidism (Treanor & Donnelly, 2014)

(6) Central nervous system: Cognitive 
impairment, peripheral neuropathy, 
leukoencephalopathy, cataracts, visual 
and auditory impairment, brain atro-
phy, brain necrosis, dementia, brachial 
plexopathy, peripheral sensory neurop-
athy, tinnitus (Treanor & Donnelly, 
2014; see Chapter 24).

(7) Gastrointestinal: Diarrhea; inconti-
nence; constipation; gastrointestinal 
tract strictures, fibrosis, or vasculi-
tis; obstruction; impaired swallowing; 
impaired absorption of nutrients; fis-
tulas (Slusser, 2018)

(8) Lymphatic: Cancer-related lymph-
edema (Shaitelman et al., 2015)

(9) Sexual/reproductive: Gonadal fail-
ure; treatment-induced menopause; 
infertility; higher risk of miscarriage, 
preterm labor, and low birth-weight 
infants; sexual dysfunction, includ-
ing loss of libido, erectile dysfunction, 
and pain (Treanor & Donnelly, 2014; 
see Chapter 20)

b) Malignant effects (SMNs; see Table 26-2)
(1) Definition: A second malignant neoplasm 

is a new cancer that is distinct from the 
original malignancy and does not rep-

Table 26-2. Second Malignant Neoplasms

Primary Malignancy Second Malignant Neoplasma Risk Factors

ALL  • CNS malignancy
 – Risk is 17-fold after 5 years.

Cranial irradiation at doses of 18–24 Gy

 • Melanoma
 – Cumulative incidence: 0.43%

Age > 10 years (p < 0.001)
Family history of cancer (p = 0.01)

 • Thyroid cancer RT

Breast cancer  • Any SMN
 – Elevated risk for women diagnosed at younger than age 
40 (SIR: 1.81) but not for women diagnosed after age 40

 – Increased risk of salivary gland, esophageal, stomach, 
colon, breast, uterine corpus, ovarian, thyroid, and soft 
tissue cancers, melanoma, and acute nonlymphocytic 
leukemia

Age < 40 years at diagnosis
Risk of leukemia associated with alkylating 

agents
Risk of solid tumors associated with radia-

tion therapy

 • Leukemia
 – Cumulative incidence: < 0.5% at 8–10 years after  
anthracycline-cyclophosphamide chemotherapy

 • Endometrial
 – Associated with 35% increased risk

Tamoxifen

 • Sarcoma
 – SIR: 3–6
 – Latency: 5–10 years 

RT

Cervical cancer  • Urogenital cancer
 – 10 to > 40 years after treatment

RT

CLL/SLL  • HL
 – SIR: 15.11

Age < 70 years at time of CLL/SLL diagnosis
Chemotherapy
Risk higher in CLL than SLL

 • Lung cancer
 – SIR: 1.44

Patients diagnosed before age 55 had higher 
SIR: 2.32.

 • Melanoma
 – SIR: 1.92

(Continued on next page)
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Table 26-2. Second Malignant Neoplasms (Continued)

Primary Malignancy Second Malignant Neoplasma Risk Factors

CML  • Breast cancer (in CML Ph+)
 – SIR: 0.24

 • Colorectal cancer
 – SIR: 1.12

 • Endocrine cancer (in CML Ph+)
 – SIR: 3.0

 • Gastrointestinal cancer (in CML Ph+)
 – SIR: 0.38

 • Head and neck cancer
 – Buccal cavity, SIR: 1.27

 • Lymphoid leukemia
 – SIR: 5.53

 • Myeloid leukemia
 – SIR: 12.32

 • Melanoma
 – SIR: 1.4
 – SIR: 3.0 (CML Ph+)

 • NHL
 – SIR: 2.17

 • Prostate cancer
 – SIR: 1.38

 • Renal cancer
 – SIR: 1.5 (CML Ph+)

 • Stomach cancer
 – SIR: 2.76

 • Skin (nonmelanoma)
 – SIR: 5.36

 • Urogenital cancer
 – SIR: 1.61

–

DLBCL  • AML
 – SIR: 4.96

Age < 55
Chemotherapy
Female

 • HL
 – SIR: 9.02

Follicular lymphoma  • AML
 – SIR: 5.96

Age < 55
Chemotherapy

 • HL
 – SIR: 6.78

 • Lung cancer
 – SIR: 1.28

Patients diagnosed before age 55 had higher 
SIR: 2.01.

 • Melanoma
 – SIR: 1.6

HL  • Breast
 – 20-year cumulative risk after mantle RT: 23% (median 
dose 40 Gy)

 – RR: 6.1 for patients diagnosed at age 30 and survived 
to ≥ 40

Occurs 10–15 years after chest irradiation
Highest risk occurs in women treated with 

chest irradiation at age 35 or younger; risk 
increases with younger age.

Risk increases with dose of radiation.
Risk increases with TBI use pretransplantation.
RT-related premature menopause is associ-

ated with decreased risk.
 • Colorectal cancer Risk increases with dose of radiation.

(Continued on next page)
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Table 26-2. Second Malignant Neoplasms (Continued)

Primary Malignancy Second Malignant Neoplasma Risk Factors

HL (cont.)  • Lung cancer
 – RR: 7.0
 – Chemotherapy-associated lung cancer occurs 1–4 years 
after therapy up to 15 years.

 – Radiation-associated lung cancer risk is elevated for 5–9 
years after therapy and can last for more than 20 years.

 • Pleura
 – RR: 19.5

Thoracic irradiation
Risk increases with dose of radiation.
Alkylating agents
Radiation dose and therapy with alkylating 

agents has a combined additive risk.
RT and smoking significantly increase risk (p 

< 0.001).

 • Melanoma
 – 1–4 years after treatment
 – RR: 5.5

May be related to immunosuppression asso-
ciated with HL

 • NHL
 – Within 5 years of treatment, then risk remains constant or 
increases over lifetime

 – 25-year cumulative risk: 3.5%
 – RR: 21.5

Immunosuppression associated with the HL 
or with combined chemoradiation treatment

 • Thyroid cancer
 – RR: 15.2

RT

 • Mesothelioma
 – RR is 20-fold for patients diagnosed at age 30 and sur-
vived to ≥ age 40.

NHL  • Bladder cancer
 – Cyclophosphamide:

 * 20–49 g, RR: 6.0
 * > 50 g, RR: 14.5

Cyclophosphamide > 20 g
Risk increases with RT use.

 • Leukemia
 – Overall RR: 8.8
 – Occurs within 15 years
 – Male, RR: 5.65
 – Female, RR: 19.89

ACVBP
Carmustine
Chlorambucil > 1,300 mg (RR: 6.5)
CHOP (RR: 14.2)
Mechlorethamine (RR: 13.0)
Procarbazine
Risk of acute leukemia increases with RT 

use, especially TBI pre-transplantation.
 • Lung cancer

 – SIR: 1.6–2.45 
Alkylating agents
Male gender
Smoking is dose-related with higher risk in 

those who smoked at diagnosis and con-
tinue to smoke after therapy.

 • Melanoma
 – Cumulative incidence: 0.55%

> 10 years old (p < 0.001)
Family history of cancer (p = 0.01)

 • Mesothelioma Risk increases with RT use.

Multiple myeloma  • 17% at 50 months Alkylating agents

Lung cancer  • Leukemia
 – Non-small cell, SIR: 1.47
 – Small cell, SIR: 6.57

Increased risk due to use of alkylating agents

Mycosis fungoides/
Sézary syndrome

 • Bladder cancer
 – SIR: 1.71

 • HL
 – SIR: 1.71

 • Lung cancer
 – SIR: 1.42

 • Melanoma
 – SIR: 2.60

 • NHL
 – SIR: 5.08

 • Renal cancer
 – SIR: 1.71

–

(Continued on next page)
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Table 26-2. Second Malignant Neoplasms (Continued)

Primary Malignancy Second Malignant Neoplasma Risk Factors

Ovarian cancer  • Leukemia
 – Occurs up to 10 years after therapy

Alkylating agents, including cyclophospha-
mide and melphalan

Platinum-containing regimens

Polycythemia vera  • CML
 – SIR: 1.6

 • Lung cancer
 – SIR: 1.8

 • Myeloid leukemia
 – SIR: 8.5 at 1–2 years
 – SIR: 14.6 at 2–4 years
 – SIR: 18.6 at 5 years

 • NHL
 – SIR: 1.8

–

Testicular cancer  • Leukemia
 – SIR: 1.6–6.7
 – Median time to occurrence: 4.5 years

Etoposide (Risk appears to be increasing 
since PEB chemotherapy became standard 
in the 1990s.)

 • Gastrointestinal cancer
 – SIR: 1.27–2.1

RT

 • Bladder cancer
 – SIR: 3.9
 – Median time to occurrence: 20 years

RT including the iliac lymph nodes (This risk 
will likely decrease because from the mid-
1980s, RT has been directed to the para-
aortic lymph nodes only.)

No study noted increased risk of bladder 
cancer after chemotherapy alone; however, 
because PEB is carcinogenic to humans, 
and platinum is excreted in urine up to 20 
years after treatment with PEB chemother-
apy, prolonged platinum exposure may play 
a role in bladder cancer development.

Waldenström macro-
globulinemia

 • AML
 – SIR: 5.3

 • Colorectal cancer
 – SIR: 2.2

 • Lung cancer
 – SIR: 1.6

 • Melanoma
 – SIR: 1.6

 • Multiple myeloma
 – SIR: 4.4

 • NHL
 – SIR: 4.9

 • Prostate cancer
 – SIR: 1.2

 • Renal cancer
 – SIR: 1.4

 • Uterine cancer
 – SIR: 2.2

–

a SIR: Standardized incidence ratio or relative risk (observed cases/expected cases) compares actual cases observed with the number of expected cases in 
the general population to determine increased (> 1.0) or decreased (< 1.0) risk (Curtis et al., 2006; Ojha & Thertulien, 2012; Verma et al., 2011).
ACVBP—doxorubicin, cyclophosphamide, vindesine, bleomycin, prednisone; ALL—acute lymphocytic leukemia; AML—acute myeloid leukemia; CHOP—cyclo-
phosphamide, doxorubicin, vincristine, prednisone; CLL—chronic lymphocytic leukemia; CML—chronic myeloid leukemia; CNS—central nervous system; DLB-
CL—diffuse large B-cell lymphoma; Gy—gray; HL—Hodgkin lymphoma; NHL—non-Hodgkin lymphoma; PEB—cisplatin, etoposide, bleomycin; Ph+—Philadel-
phia chromosome positive; RR—relative risk; RT—radiation therapy; SIR—standardized incidence ratio; SLL—small lymphocytic lymphoma; SMN—second ma-
lignant neoplasm; TBI—total body irradiation
Note. Based on information from André et al., 2004; Curtis et al., 2006; Forman & Nakamura, 2015; Frederiksen et al., 2011; Hodgson, 2011; Hodgson et al., 
2007; Huang et al., 2007; International Agency for Research on Cancer, 2012a, 2012b; Morton et al., 2010; Ng et al., 2011; Ojha & Thertulien, 2012; Rebora et al., 
2010; Travis et al., 2012; Tward et al., 2007; van den Belt-Dusebout et al., 2007; van Leeuwen et al., 2000; van Leeuwen & Travis, 2001; Verma et al., 2011.
From “Management of the Complications of Hematologic Malignancy and Treatment,” by C.H. Erb and W.H. Vogel in M. Olsen and L.J. Zitella (Eds.), He-
matologic Malignancies in Adults (pp. 629–633), 2013, Pittsburgh: PA: Oncology Nursing Society. Copyright 2013 by Oncology Nursing Society. Adapted 
with permission.
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resent metastatic disease from the pri-
mary tumor (Wood et al., 2012).

(2) Pathophysiology
(a) Chemotherapy and radiation ther-

apy cause DNA damage, which is 
the mechanism that leads to cell 
death. However, if nonlethal DNA 
damage occurs, DNA repair is crit-
ical to prevent the development of 
a secondary cancer (Cowell & Aus-
tin, 2012).

(b) Alkylating agents transfer an alkyl 
group to DNA, causing DNA mis-
match and inhibition of DNA rep-
lication and transcription. A DNA 
mismatch repair mechanism is 
responsible for repairing this cell 
damage; otherwise, apoptosis 
occurs. If cells survive with a dys-
functional DNA mismatch repair 
or genomic instability, this may 
lead to malignancy (Allan & Tra-
vis, 2005; Cowell & Austin, 2012; 
Tward, Glenn, Pulsipher, Barnette, 
& Gaffney, 2007).

(c) Topoisomerase II inhibitors cause 
double-stranded DNA breaks, 
which lead to apoptosis. If the 
cell survives, these DNA breaks 
may cause chromosomal translo-
cations of the MLL gene or other 
crucial transforming genes that 
can lead to leukemia (Allan & Tra-
vis, 2005; Cowell & Austin, 2012; 
Tward et al., 2007).

(d) Radiation therapy deposits energy 
in or near DNA, which results in 
genetic or epigenetic changes 
that cause cell death. If radiation 
induces mutations in the DNA and 
the cells do not die, the mutations 
are passed on to cellular progeny 
and over time may lead to malig-
nant transformation (Travis et 
al., 2012).

(e) Chemotherapy and radiation 
therapy interact with other fac-
tors such as tobacco exposure, 
genetic makeup, hormonal status, 
and immune function, which may 
contribute to the risk of develop-
ing a secondary cancer (Allan & 
Travis, 2005; Travis et al., 2012).

(3) Types of SMNs: The two major types 
of SMNs are acute myeloid neoplasms 

and solid neoplasms. The relative risk 
of treatment-related leukemia is gener-
ally greatest during the first five years 
after therapy (Wood et al., 2012). Solid 
tumors occur at least 5–10 years after 
treatment, with the risk differing across 
the age spectrum by type of malig-
nancy, latency period, associated risk 
factors, and modifying influences (Ng, 
Kenney, et al., 2010).
(a) Treatment-related acute myeloid 

leukemia (AML)/myelodysplas-
tic syndrome (MDS) generally 
presents within five years of che-
motherapy and is most commonly 
associated with the use of alkyl-
ating agents or topoisomerase 
inhibitors.

(b) Two types of treatment-related leu-
kemia (Churpek & Larson, 2013)

i. Alkylating agent–induced 
AML (Churpek & Larson, 
2013)
• Risk is associated with 

alkylating agents such as 
cyclophosphamide, mel-
phalan, chlorambucil, and 
nitrosoureas.

• Disease usually occurs 
3–10 years after treatment.

• Development is associated 
with deletion or loss of 
chromosome 5 or 7 or both.

ii. Topoisomerase II inhibi-
tor–induced acute leukemia 
(Churpek & Larson, 2013)
• Risk is associated with 

topoisomerase II inhibi-
tors such as etoposide, teni-
poside, mitoxantrone, and 
anthracyclines.

• Risk begins shortly after 
completion of therapy, 
and disease usually occurs 
within a few months to 
three years after treatment.

• Occurrence is often not 
associated with preced-
ing MDS.

• Development is associated 
with chromosomal trans-
locations 11q23 or 21q22, 
and sometimes t15;17.

(4) Radiation-induced solid tumors, such 
as Hodgkin lymphoma (HL), sarco-



Chapter 26. Post-Treatment and Survivorship Care 609

mas, leukemia, and breast, lung, cer-
vical, prostate, skin, stomach, esopha-
geal, and thyroid tumors, are observed 
at least 5–10 years after treatment, 
and the risk persists for decades (Tra-
vis et al., 2012; Wood et al., 2012). 
Radiation-induced SMNs tend to 
occur within or at the margins of the 
radiation field, and the risk increases 
with the extent of tissue irradiated 
and the dose of radiation (Wood et 
al., 2012).

c) Psychosocial effects (McFarland & Holland, 
2016)

(1) Psychosocial issues: Social with-
drawal, relationship issues, body image 
changes, sexuality issues

(2) Mental health disorders: Adjust-
ment, delirium, depression, anxiety, 
post-traumatic stress

(3) Political and vocational issues: Employ-
ment, access to health care, insurance, 
and educational assistance

5. Risk of late effects for patients with select pri-
mary cancers
a) HL

(1) The leading causes of death in HL sur-
vivors are SMNs and CVD (Matasar et 
al., 2015; Ng & van Leeuwen, 2016).
(a) Patients treated with radiation 

therapy are at greater risk of SMNs 
and CVD than those treated with 
chemotherapy alone (Ng, LaCasce,  
& Travis, 2011). Compared to che-
motherapy, radiation therapy for 
HL was associated with higher risk 
for both second and third malig-
nancies during the first five years 
of follow-up (van Eggermond et 
al., 2014).

(b) SMNs: HL survivors are at risk for 
leukemia and solid tumors, partic-
ularly lung and breast cancer (Ng 
& van Leeuwen, 2016).

i. Solid tumors account for 
75%–80% of all SMNs fol-
lowing treatment for HL, and 
the risk is greatly increased 
with radiation (Ng, Kenney, 
et al., 2010).
• Cumulative risk of SMN 

following treatment with 
40–45 Gy of extended-field 
or mantle radiation ther-
apy is approximately 30% 

at 30 years (Hodgson, 
2011).

• Modern radiation therapy 
for HL uses IFRT, which 
treats only the lymph node 
regions that are initially 
involved. Prescribed radi-
ation doses are 20–30 Gy. 
This reduces the volume of 
healthy tissue exposed to 
radiation and significantly 
decreases the risk of SMNs 
(Hodgson, 2011).

ii. Breast cancer: Risk of breast 
cancer in HL survivors is sig-
nificantly increased, partic-
ularly for women who were 
treated with chest irradia-
tion before age 30 (Oeffin-
ger, Baxi, Friedman, & Mos-
kowitz, 2013). The latency 
period is 8–10 years fol-
lowing treatment (Oeffin-
ger et al., 2013). The risk of 
breast cancer appears to be 
decreased in patients who 
reduce lifetime exposure to 
endogenous estrogen, such 
as those who experience 
ovarian failure or prema-
ture menopause (Oeffinger 
et al., 2013).

iii. Lung cancer: The risk of 
lung cancer is associated with 
radiation therapy, alkylating 
agents, and smoking (Oeffin-
ger et al., 2013).

(c) CVD: HL survivors have a three- 
to fivefold increased risk of CVD, 
which generally manifests 10 years 
after therapy and persists more 
than 25 years after therapy (Ng 
et al., 2011).

i. Coronary artery disease is 
the most common cardio-
vascular toxicity among HL 
survivors and accounts for 
approximately 40%–50% 
of adverse cardiac events 
(Hodgson, 2011).

ii. Valvular disease is less com-
mon. It typically has a late 
onset (more than 10 years 
after radiation therapy) 
and is related to higher 
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doses (greater than 30 Gy) 
or young age at treatment 
(Hodgson, 2011).

iii. Acute pericarditis is uncom-
mon but may occur follow-
ing radiation therapy that 
includes a large cardiac vol-
ume (Hodgson, 2011).

iv. HL survivors treated with 
mantle radiation therapy at 
doses of 35–45 Gy are esti-
mated to have a two- to four-
fold increased risk of car-
diac morbidity. The cumula-
tive risks of significant heart 
disease among survivors of 
adult HL are approximately 
5%–10% at 15 years, 16% at 
20 years, and 34% at 30 years 
(Hodgson, 2011).

(2) HL sur v ivor s  have a r i sk of 
treatment-related pulmonary toxicity, 
including radiation pneumonitis and 
bleomycin toxicity (Ng et al., 2011).

b) Non-Hodgkin lymphoma (NHL)
(1) Relative risk of a secondary cancer in 

NHL survivors is 1.8 greater than the 
risk of the general population (Pirani 
et al., 2011).

(2) Patients are at increased risk for AML, 
sarcomas, bladder cancer, head and 
neck cancer, melanoma, lung cancer, 
gastrointestinal cancer, kidney can-
cer, HL, and thyroid cancer (Tward 
et al., 2007).
(a) Chemotherapy increases the risk 

of AML, lung cancer, and bladder 
cancer (Tward et al., 2007).

(b) Radiation therapy increases the 
risk of sarcomas, breast cancer, 
and mesothelioma (Tward et al., 
2007).

(3) Survivors of NHL have an overall signif-
icantly decreased risk of breast cancer, 
prostate cancer, and myeloma (Tward 
et al., 2007).

c) Breast cancer: Breast cancer survivors 
are at r isk for SMNs, cardiotoxicit y 
from anthracyclines or trastuzumab, 
chemotherapy-induced premature meno-
pause, osteoporosis, chemotherapy-induced 
cognitive impairment, sexual dysfunction, 
and taxane-related neuropathy (Azim, de 
Azambuja, Colozza, Bines, & Piccart, 2011; 
Ganz & Hahn, 2008).

(1) SMNs: Breast cancer survivors are 
at increased risk for sarcoma, mela-
noma, AML, and cancers of the sali-
vary gland, esophagus, stomach, colon, 
breast, uterine corpus, ovary, and thy-
roid (Curtis et al., 2006; VanderWalde 
& Hurria, 2011). Increased risk for 
SMNs may also be attributed to age, 
treatment modality, and reproduc-
tive, environmental, or genetic factors 
(Molina-Montes et al., 2015).

(2) Risk of SMN is greater in breast cancer 
survivors who carry a genetic predispo-
sition (e.g., BRCA2, TP53), were treated 
with radiation therapy (e.g., risk for sec-
ondary lung and esophageal cancer), 
or were treated with hormone therapy 
(e.g., risk for uterine cancer second-
ary to tamoxifen) (Azim et al., 2011).

(3) Radiation to the breast increases the 
risk of lung cancer, esophageal cancer, 
and sarcoma in all patients, as well as 
the risk of contralateral breast cancer 
in patients younger than 40–45 years 
of age (Ng, Kenney, et al., 2010; Tra-
vis et al., 2012).

d) Prostate cancer: Prostate cancer survivors are 
at increased risk for subsequent melanoma, 
small intestine, soft tissue, bladder, thyroid, 
and thymus cancer (Curtis et al., 2006; Ng, 
Kenney, et al., 2010).

e) Testicular cancer
(1) Testicular cancer survivors are at risk 

for SMNs, CVD, neurotoxicity, neph-
rotoxicity, pulmonary toxicity, hypo-
gonadism, decreased fertility, psycho-
social disorders, and cognitive impair-
ment (Travis et al., 2010).

(2) SMNs
(a) Among 10-year testicular can-

cer survivors, there are statisti-
cally significant increased risks 
of malignant melanoma and can-
cers of the lung (relative risk [RR] 
= 1.5, 95% confidence interval 
[CI] [1.2, 1.7]); thyroid, esopha-
gus, pleura, and stomach (RR = 
4.0, 95% CI [3.2, 4.8]); and pan-
creas, colon, rectum, kidney, blad-
der, and connective tissue (RR = 
4.0, 95% CI [2.3, 6.3]) (Travis et 
al., 2005, 2012).

(b) Chemotherapy increases the risk 
of radiation-associated SMNs (van 
den Belt-Dusebout et al., 2007).
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(c) The risk of SMN increases with 
younger age at time of treatment 
(van den Belt-Dusebout et al., 
2007).

(d) The median time to occurrence 
of SMN is 20 years (van den 
Belt-Dusebout et al., 2007).

(e) Etoposide and cisplatin che-
motherapy increase the risk of 
treatment-related leukemia in a 
dose-related fashion (Travis et 
al., 2010).

(3) Cardiotoxicity: Increased risk of cardio-
toxicity, including myocardial infarc-
tion, coronary artery disease, hyper-
lipidemia, and metabolic syndrome 
(Carver et al., 2007; Ng et al., 2011; 
Travis et al., 2010)

(4) Neurotoxicity: Increased risk of sen-
sory peripheral neuropathy and 
cisplatin-induced ototoxicity (Travis 
et al., 2010)

(5) Nephrotoxicity: Increased risk of 
cisplatin-induced chronic renal dys-
function (Travis et al., 2010)

(6) Pulmonary toxicity: Increased risk 
of bleomycin-induced pneumoni-
tis and increased risk of mortality 
related to respiratory disease (Tra-
vis et al., 2010)

f) Cervical cancer (Chaturvedi et al., 2007)
(1) Cervical cancer survivors have an 

increased risk for HPV-related can-
cers (i.e., cancers of the pharynx, 
genital sites, and rectum/anus) and 
smoking-related cancers (i.e., cancers 
of the pharynx, trachea, bronchus, 
lung, pancreas, and urinary bladder).

(2) Patients with cervical cancer treated 
with radiation were at increased risk 
for all SMNs at heavily irradiated sites 
(colon, rectum/anus, urinary bladder, 
ovary, and genital sites) beyond 40 years 
of follow-up compared with women in 
the general population (Curtis et al., 
2006; Travis et al., 2012).

(3) The 40-year cumulative risk of any sec-
ondary cancer was 22% among women 
diagnosed with cervical cancer before 
age 50 and 16% for those diagnosed 
after age 50 (Chaturvedi et al., 2007).

g) Pediatric malignancies
(1) The cumulative incidence of SMNs in 

survivors of childhood cancer treated 
from 1970 to 1986 at 30 years after 

diagnosis was 20.5% (95% CI [19.1%, 
21.8%]) and was higher for patients who 
had received radiation therapy than 
for those who had not (approximately 
25% vs. 10%) (Friedman et al., 2010).

(2) The most frequent SMNs were non-
melanoma skin cancer and breast 
cancer, with 30-year cumulative inci-
dences of 9.1% and 5%, respectively 
(Friedman et al., 2010). SMNs with 
a 30-year cumulative incidence less 
than 1% included bone cancer, soft 
tissue sarcoma, leukemia, lymphoma, 
central nervous system tumors, head 
and neck cancer, gastrointestinal can-
cer, lung cancer, and thyroid cancer 
(Friedman et al., 2010).

(3) The risk of SMNs among childhood 
cancer survivors is associated with 
radiation therapy, chemotherapy, and 
genetic predisposition (Henderson et 
al., 2012; Travis et al., 2012).

(4) The median latency period for devel-
opment of an SMN was 17.8 years 
(range 5–35.2 years) (Friedman et 
al., 2010).

h) HSCT recipients: HSCT recipients are at risk 
for secondary solid tumors, treatment-related 
leukemia/MDS, and post-transplant lympho-
proliferative disorders.

(1) In patients who underwent autol-
ogous HSCT for lymphoma, the 
cumulative incidence of secondary  
myelodysplasia/acute leukemia was 
3.09% at 5 years and 4.52% at 10 
years. The cumulative incidence of 
solid tumors was 2.54% at 5 years and 
6.79% at 10 years. The risk of solid 
tumors was associated with advanced 
age and radiation therapy (Tarella 
et al., 2011).

(2) Allogeneic HSCT recipients were twice 
as likely to develop a solid tumor when 
compared to the general population. 
Risk was related to younger age at the 
time of transplantation (younger than 
30 years) and exposure to radiation 
therapy (Bhatia, 2014).

(3) The risk of a post-transplant malig-
nancy increases with younger age at 
time of transplant, especially for those 
younger than 17 years (Serrano et al., 
2017).

(4) Relative risk of thyroid carcinoma in 
HSCT recipients is 3.26 overall, with 
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a significantly increased risk associ-
ated with age younger than 10 years, 
radiation therapy, female gender, 
and chronic graft-versus-host disease 
(Cohen et al., 2007).

6. Preventive screening recommendations and 
follow-up care (NCCN, 2018)
a) Survivors should follow adult cancer screen-

ing recommendations. This is especially 
important for childhood cancer survivors 
who have additional risk for premature devel-
opment of adult cancers.

b) Irradiated skin and soft tissues should be 
thoroughly evaluated and reassessed for the 
life of the patient.

c) Women who have been treated with man-
tle radiation therapy should perform breast 
self-examination monthly beginning at 
puberty, and clinical breast examination 
should be performed annually. Annual 
mammograms should begin eight years 
after irradiation (Memorial Sloan Ketter-
ing Cancer Center, n.d.; Ng, Constine, et 
al., 2010).

d) Healthcare prov iders should discuss 
weight management and exercise reg-
imens with all cancer survivors. Phys-
ical activity and a healthy diet reduce 
the r i sk of cancer recurrence and 
decrease overall mortality in multiple 
cancer survivor groups, including breast, 
colorectal, prostate, and ovarian cancer  
(Rutledge & Demark-Wahnefried, 2016).

(1) Eating a diet high in fruits, vegeta-
bles, and whole grains and low in red 
and processed meats appears to pro-
tect against cancer progression, risk of 
recurrence, and overall mortality for a 
variety of cancers.

(2) Regular exercise appears to be associ-
ated with a lower risk for recurrence 
and improved survival following treat-
ment for breast, prostate, ovarian, and 
colorectal cancers.

(3) Cancer survivors who are overweight 
or obese may benefit from intentional 
weight loss following treatment.

(4) Cancer survivors should obtain the 
nutrients they need from foods instead 
of supplements or vitamins because 
preliminary evidence has shown that 
supplements may do more harm than 
good (Rock et al., 2012).

(5) Cancer survivors should be advised that 
food consumption away from home, 

such as fast food and full-service restau-
rant food consumption, lead to reduced 
diet quality (i.e., decrease in daily 
intake of vitamins A and K, increased 
sodium and total energy intake) (An 
& Liu, 2013).

e) Patients should be counseled regarding smok-
ing cessation (Travis, Wahnefried, Allan, 
Wood, & Ng, 2013).

f) Bone density studies are indicated for 
breast cancer survivors aged 65 years or 
older or aged 60–64 years with risk fac-
tors (e.g., family history, prior nontrau-
matic fracture), postmenopausal patients 
on an aromatase inhibitor, and patients 
with chemotherapy-induced early meno-
pause (Ganz & Hahn, 2008). Osteoporosis 
is also a concern in prostate cancer survi-
vors, multiple myeloma survivors, gastric can-
cer survivors, and HSCT recipients (Drake, 
2013). Adherence to long-term therapy (e.g., 
breast and prostate cancer) is important to 
reduce morbidity and mortality associated 
with osteoporosis and fractures (Warriner 
& Curtis, 2009). A better understanding of 
causes for poor adherence and methods to 
improve adherence (e.g., patient education, 
provider–patient communication) is critical 
(see Chapter 4).

7. Patient and family education
a) Provide information about the treatment and 

potential late effects related to the patient’s 
disease and treatment received (see Table 
26-3).

b) Explain the risks of SMNs, the typical time 
to onset, cancer screening recommenda-
tions, and the importance of follow-up 
visits.

c) Promote healthy lifestyle practices.
(1) Diet (Denlinger et al., 2014)

(a) A diet high in fruits, vegetables, 
and whole grains is associated 
with a lower risk of death than 
one that contains a high intake of 
processed and red meats, refined 
grains, sugar, and high-fat dairy 
products.

(b) Avoid vitamin supplements, and 
obtain nutrients from food.

(2) Regular physical activity
(3) Smoking cessation
(4) Sun safety practices

8. Professional education
a) Educate primary care professionals who may 

be working with survivors after they are no 
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longer being followed by an oncologist. An 
SCP that includes potential long-term effects 
of treatment and recommended follow-up 
is helpful for primary providers, patients, 
and caregivers who may be unfamiliar with 
cancer and its treatments. A discussion of 

the SCP with primary care providers may 
be required (Iyer, Mitchell, Zheng, Ross, & 
Kadan-Lottick, 2017).

b) Stay informed of current recommendations 
related to screening for SMNs in order to 
advise cancer survivors (see Table 26-3).

Table 26-3. Key Resources for Cancer Survivorship Information

Organization and Website Description

American Cancer Society
www.cancer.org/treatment/survivorship-during-and 
-after-treatment/survivorship-care-plans.html

Information on survivorship care plans, including the following:
 • What’s Next? Life After Cancer Treatment
 • Journey Forward
 • American Society of Clinical Oncology (ASCO) Cancer Treatment Summa-
ries

 • OncoLife Survivorship Care Plan

American Society of Clinical Oncology Survivorship 
Care Planning Tools
www.asco.org/practice-guidelines/cancer-care-initia 
tives/prevention-survivorship/survivorship-compendium

Treatment plan and summary resources
Survivorship care plan templates for the following cancers:
 • Breast
 • Colorectal
 • Non-small cell lung
 • Small cell lung
 • Prostate
 • Diffuse large B-cell lymphoma

Cancer.Net
www.cancer.net/survivorship/survivorship-resources

Comprehensive cancer survivorship information including general resources 
for cancer survivors of all ages and information for young adults, teens, and 
kids

General resources include Internet links to the following:
 • American Institute for Cancer Research
 • Cancer and Careers
 • CancerCare
 • Cancer Financial Assistance Coalition
 • Cancer Support Community
 • Job Accommodation Network
 • Journey Forward
 • Livestrong
 • Livestrong Survivorship Centers of Excellence
 • MyOncofertility.org
 • National Cancer Institute: Office of Cancer Survivorship
 • National Cancer Survivors Day Foundation
 • National Coalition for Cancer Survivorship
 • OncoLink: OncoLife Survivorship Care Plan
 • Patient Advocate Foundation

Age-specific resources:
 • Childhood Cancer
 • Teens
 • Young Adults

Centers for Disease Control and Prevention: Cancer 
Survivorship
www.cdc.gov/cancer/survivorship/resources/index.htm

Comprehensive cancer survivorship information for survivors, caregivers, 
healthcare professionals, and researchers

Memorial Sloan Kettering Cancer Center
www.mskcc.org/referring-physicians/survivorship/ 
survivorship-care-plan

Survivorship care plan resources for healthcare professionals

National Comprehensive Cancer Network
www.nccn.org/professionals/physician_gls/f_guide 
lines.asp#survivorship

Clinical practice guidelines on survivorship, including the following:
 • General survivorship principles
 • Late effects/long-term psychosocial and physical problems
 • Preventive health

https://www.cancer.org/treatment/survivorship-during-and-after-treatment/survivorship-care-plans.html
https://www.cancer.org/treatment/survivorship-during-and-after-treatment/survivorship-care-plans.html
http://www.asco.org/practice-guidelines/cancer-care-initiatives/prevention-survivorship/survivorship-compendium
http://www.asco.org/practice-guidelines/cancer-care-initiatives/prevention-survivorship/survivorship-compendium
http://www.cancer.net/survivorship/survivorship-resources
http://www.cdc.gov/cancer/survivorship/resources/index.htm
http://www.mskcc.org/referring-physicians/survivorship/survivorship-care-plan
http://www.mskcc.org/referring-physicians/survivorship/survivorship-care-plan
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp#survivorship
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp#survivorship
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Appendix A. Clinical Practicum Evaluation: Part I

Antineoplastic Therapy Administration Competency

Employee Name _______________________________________________________________________________

The RN evaluator who verifies competence in antineoplastic therapy administration must observe practice and validate that the nurse 
meets all of the following criteria.

RN Evaluators Date Drugs Administered

PRIOR TO ADMINISTRATION Initials
Reviews treatment plan with the RN evaluator, verifying regimen, protocol, treatment cycle, and day of cycle

Coordinates time of administration with pharmacy and others as needed

Verifies documentation of consent for treatment (if applicable)

Verifies that criteria to treat (e.g., laboratory data) are within acceptable parameters and reports results to 
provider as needed
Performs independent double check of original orders with a second RN for accuracy of the following
 • Date of treatment
 • Agents
 • Dose calculation methodology (e.g., body surface area, area under the curve, mg/kg)
 • Drug dose
 • Schedule/sequence
 • Route

Verifies patient understanding of treatment goals, administration procedures, potential side effects, and when 
and how to contact the healthcare team
Verifies that premedication, prehydration, and other preparations are completed and documented

Verifies drug appearance and expiration date and/or time

ADMINISTRATION
Applies personal protective equipment, closed-system drug-transfer device (when the dosage form allows), 
and uses safe handling precautions
Compares original order to dispensed drug label at the bedside or chairside with a second RN

Verifies two patient identifiers (cannot use a room or chair number)

Verifies the presence of venous access appropriate to the treatment plan (location, type)

Assesses patency of venous access device and ensures blood return is present

Demonstrates safe administration:
 • For IV push or IV minibag of vesicant medications: Administers through side arm hub closest to patient, 
through a free-flowing IV; checks patency every 2–5 ml (every 2–3 ml for pediatric patients).

 • For infusions: Verifies appropriate rate of administration and infusion pump settings with a second RN. Ver-
ifies blood return/patency per institutional policy

Demonstrates appropriate monitoring/observation for specific acute drug effects

Verbalizes appropriate action in the event of infiltration or extravasation

Verbalizes appropriate action in the event of hypersensitivity reaction

Verbalizes appropriate action in the event of a hazardous drug spill

AFTER ADMINISTRATION
Flushes line with compatible fluid to clear IV tubing of drug

Removes peripheral IV device or flushes/maintains venous access device as appropriate to patient needs

Disposes of hazardous drug waste according to policy

Documents medications, dose verification, and patient response

Communicates post-treatment considerations to the patient, caregivers, and appropriate personnel
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Appendix B. Clinical Practicum Evaluation: Part II

Note the appropriate column to indicate that the nurse has satisfactorily performed the listed activities. Under Comments, provide exam-
ples of how the nurse met each objective or performed each activity. Include plans for remediation as applicable.

Objective/Activity Date/Initials

Participates in interprofessional care planning with physicians, nurses, and other healthcare professionals (e.g., 
homecare or dietary workers), providing interventions specific to individual patient needs
Comments:

Provides individualized patient and family education and verifies understanding of the treatment, short- and 
long-term side effects, symptom management, and monitoring to occur with treatment
Comments:

Documents pretreatment system review, including assessment of symptoms and response to previous therapy
Comments:

Describes anticipated complications and side effects of antineoplastic therapy on body systems
 • Hematologic and lymphatic
 • Immunologic
 • Gastrointestinal and nutritional
 • Cardiovascular
 • Pulmonary
 • Genitourinary and renal

Comments:

 • Reproductive and sexual
 • Dermatologic
 • Endocrine
 • Neurologic and musculoskeletal
 • Head, ears, eyes, nose, and throat
 • Psychosocial

Identifies evidence-based interventions for complications and side effects of therapy
Comments:

Documents patient response and care according to institutional policy and procedures
Comments:

Identifies and takes nursing action to prevent or manage potential or actual infusion reactions
Comments:

Uses appropriate safe handling precautions in the preparation, handling, and disposal of hazardous drugs
Comments:

Demonstrates knowledge and skill in the assessment, management, and follow-up care of infiltrations and 
extravasations
Comments:

Assesses patients for the most appropriate type of venous access device (peripheral or central) based on type 
and duration of intended therapy
Comments:

Demonstrates safe and appropriate use of equipment (e.g., IV pumps) used in antineoplastic therapy administration.
Comments:

Supports clinical research, as applicable to setting, by ensuring patient understanding of clinical trials, administer-
ing research drugs, documenting patient response to treatment, and contacting the research team as indicated
Comments:
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Appendix C. Sample Chemotherapy Order Template

Breast Cancer
AC (DOXOrubicin/Cyclophosphamide) Every 21 Days followed by DOCEtaxel Every 21 Days + Trastuzumab
AC (DOXOrubicin/Cyclophosphamide) Every 21 Days Course

INDICATION:
HER2 positive: Neoadju-
vant or Adjuvant

REFERENCES:
1. NCCN Guidelines® for Breast Cancer V.1.2017.
2. Slamon D, et al. N Engl J Med. 2011;365(14):1273-83.
3. Joensuu H, et al. N Engl J Med. 2006;354(8):809-20.

NCCN SUPPORTIVE CARE:
1. Emetic risk: Day 1 High
2. Febrile Neutropenia Risk: Intermediate

CHEMOTHERAPY REGIMEN
21-day cycle for 4 cycles
 • DOXOrubicin 60 mg/m2 IV push on Day 1

 – See Safety Parameters and Special Instructions for information on slow IV Push administration.
 • Cyclophosphamide 600 mg/m2 IV over 30 minutes on Day 1

 – Oral hydration is strongly encouraged with cyclophosphamide; poorly hydrated patients may need supplemental IV hydration. 
Patients should attain combined oral and IV hydration of 2000 – 3000 mL/day on day of chemotherapy. 
See Other Supportive Therapy for example of IV hydration.

This course is 4 cycles of AC (DOXOrubicin and cyclophosphamide) Every 21 Days. DOCEtaxel Every 21 Days and Trastu-
zumab course is initiated following completion of this course. Please see Order Template BRS27b for DOCEtaxel Every 21 
Days and Trastuzumab course.

SUPPORTIVE CARE
 Antiemetic Therapy
Scheduled prophylactic antiemetic therapy should be given for prevention of acute and delayed nausea and vomiting based on the 
emetic risk of the chemotherapy regimen. This may include antiemetic therapy given on the days following chemotherapy. For more 
information on emetic prophylaxis, refer to the NCCN Guidelines for Antiemesis and Appendix D to the NCCN Chemotherapy Order 
Templates.

PRN for breakthrough: All patients should be provided with at least one medication for breakthrough emesis. Please consult the 
NCCN Guidelines for Antiemesis for appropriate antiemetic therapy.
 Myeloid Growth Factor Therapy
 • CSFs may be considered for primary prophylaxis based on the febrile neutropenia (FN) risk of the chemotherapy regimen. For more 
information on prophylaxis of FN, refer to NCCN Guidelines for Myeloid Growth Factors and Appendix C to the NCCN Templates.

 Other Supportive Therapy
 • For cyclophosphamide: Example of recommended hydration: Sodium chloride 0.9% infused IV at a rate of 1.5 – 3 mL/kg/hour for a 
total of 500 mL on day of chemotherapy.

MONITORING AND HOLD PARAMETERS
 • CBC with differential should be monitored as clinically indicated for potential dose modification.
 • For DOXOrubicin:

 – Ejection fraction should be monitored prior to initiation of treatment and as clinically indicated.
 – This agent is an anthracycline. Cumulative anthracycline dosage should be monitored.
 – Liver function should be monitored as clinically indicated for potential dose modification or discontinuation.

 • For cyclophosphamide: Renal function should be monitored as clinically indicated for potential dose modification or discontinuation.

SAFETY PARAMETERS AND SPECIAL INSTRUCTIONS
 • For DOXOrubicin:

 – This agent is a vesicant.
 – This agent is administered IV push. The preferred IV push method for a vesicant is administration through the side port of a freely 
flowing IV; alternatively, the drug can be administered via direct IV push.

 – Secondary malignancies have been associated with this drug. Review drug package insert for additional information.
 – Central venous access is recommended for administration of this agent.

 • For cyclophosphamide: Secondary malignancies have been associated with this drug. Review drug package insert for additional information.

NCCN Chemotherapy Order Templates (NCCN Templates®) are peer-reviewed statements of the consensus of its authors derived from the NCCN Clini-
cal Practice Guidelines in Oncology (NCCN Guidelines®) regarding their views of currently accepted approaches to treatment. An NCCN Template does not 
constitute an order. Any clinician seeking to treat a patient using the NCCN Template® is expected to use independent medical judgment in the context of 
individual clinical circumstances of a specific patient’s care or treatment. NCCN disclaims all warranties, express or implied including, without limitation, the 
implied warranties of merchantability and fitness for a particular purpose. NCCN does not warrant the accuracy, currency, or completeness of the NCCN 
Templates or make any representation regarding the use or the results of the use of the NCCN Templates in treatment. In no event shall NCCN or its mem-
bers be liable for any damages including, without limitation, incidental, indirect, special, punitive, or consequential damages arising out of or in connection 
with the use of the NCCN Templates including, without limitation, loss of life, loss of data, loss of income or profit, losses sustained as a result of any injury 
to any person, or loss or damage to property or claims of third parties.
Note. Copyright 2017 by National Comprehensive Cancer Network. All rights reserved. Reprinted with permission.

http://www.nccn.org/professionals/physician_gls/PDF/breast.pdf
http://www.ncbi.nlm.nih.gov/pubmed?term=365%5Bvolume%5D+AND+1273%5Bpage%5D+AND+2011%5Bpdat%5D&cmd=detailssearch
http://www.ncbi.nlm.nih.gov/pubmed?term=354%5Bvolume%5D+AND+809%5Bpage%5D+AND+2006%5Bpdat%5D&cmd=detailssearch
https://www.nccn.org/professionals/physician_gls/PDF/antiemesis.pdf
https://www.nccn.org/OrderTemplates/PDF/appendix_D.pdf
https://www.nccn.org/professionals/physician_gls/PDF/antiemesis.pdf
https://www.nccn.org/professionals/physician_gls/PDF/myeloid_growth.pdf
http://www.nccn.org/OrderTemplates/PDF/appendix_C.pdf
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Appendix D. Antineoplastic Treatment Safety Checklist

√ Criteria

Patient, parent and/or caregiver have received written and verbal education.

Patient reports understanding of treatment plan and elects to proceed.

Confirm presence of informed consent documentation (as applicable to practice setting).

Pretreatment Assessment

Obtain vital signs.

Ensure measured height and weight are current and documented in metric units.

Review allergies.

Review response to previous treatments, including reactions and treatment toxicities.

Update medication list and reconcile as needed.

Perform and record physical assessment and pain assessment.

Perform psychosocial assessment; initiate referral resources if necessary.

Review laboratory values relevant to treatment.

Prepare for potential complications, including infusion reaction, infiltration, and extravasation.

Treatment plan is noted in medical record.

Document the diagnosis, indication for treatment, antineoplastic agents to be used, doses (with calculation methodology), 
schedule, and dose modification and rationale for modification (if applicable).

Antineoplastic orders include the following elements:

Orders signed and activated per institutional policy

Doses consistent with standard regimens or research protocols approved by the practice or institution. Rationale for exception 
orders is documented.

Patient name and second identifier

Cycle number and day of cycle or arm, phase per research protocol

Date order was written and date of drug administration

All medications identified by generic name, following abbreviation standards

Cumulative dose calculated for drugs that have an upper lifetime dose limit

Multiday continuous infusions include total daily dose and total multiday hours of infusion.

Supportive care treatments are ordered (e.g., hydration, antiemetics, growth factors).

Sequence of drug administration

(Continued on next page)
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Appendix D. Antineoplastic Treatment Safety Checklist (Continued)

Two people approved by the healthcare setting to prepare or administer chemotherapy independently perform each of the 
following three safety checks:

1.  Before preparation

Verify two patient identifiers, drug name, dose, route, rate, calculations for dosing, treatment cycle, and day of cycle.

 2. Upon preparation of parenteral antineoplastic therapy

Verify drug vial, drug concentration, drug volume or weight, diluent type and volume, drug stability, need for refrigeration, admin-
istration fluid, volume and tubing, and filter if needed.

 3.  Before administration, verify:

Drug name

Drug dose

Volume

Route of administration

Sequence of drug administration

Expiration date and/or time

Appearance and physical integrity of drug

Rate of administration

Patient identification using two patient identifiers in the presence of the patient

Rate of infusion (infusion pump settings)

Note. Based on information from Neuss, M.N., Gilmore, T.R., Belderson, K.M., Billett, A.L., Conti-Kalchik, T., Harvey, B.E., … Polovich, M. (2016). 2016 up-
dated American Society of Clinical Oncology/Oncology Nursing Society chemotherapy administration safety standards, including standards for pediatric 
oncology. Journal of Oncology Practice, 12, 1262–1271. https://doi.org/10.1200/JOP.2016.017905.

https://doi.org/10.1200/JOP.2016.017905
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Appendix E. Consent for Antineoplastic Drug Treatment

Patient Name:                                                                                                                                                          Date:                                               

Diagnosis:                                                                                                                                                                                                                                     

Treatment Medications:                                                                                                                    

Possible side effects may include any of the following or a combination of the following:

 • Allergic and allergic-like reactions
 • Anemia
 • Fatigue
 • Constipation
 • Diarrhea
 • Loss of appetite
 • Mouth sores
 • Nausea or vomiting
 • Weight gain or loss
 • Liver damage
 • Hair loss

 • Skin and nail darkening
 • Skin ulceration at injection site
 • Skin rash
 • Light and temperature sensitivity
 • Numbness or tingling
 • Hearing loss
 • Heart damage
 • Lung damage
 • Kidney damage
 • Thyroid changes
 • Low platelet count causing bleeding

 • Low white blood cell count
 • Risk of infection
 • Menopausal symptoms
 • Menstrual irregularities
 • Sterility
 • Dizziness
 • Forgetfulness
 • Cognitive impairments
 • Secondary cancer
 • Muscle aching or weakness

Unexpected side effects may occur in addition to those noted above. Cancer treatments can cause long-term toxicities. In rare 
instances, cancer treatment can cause life-threatening complications and death.

Many anticancer drugs can be harmful to an unborn child. I understand that it is important to tell the doctor if I think I may be pregnant. 
It is important for both men and women who are being treated with these drugs and who are sexually active and fertile and who have a 
fertile partner to use a reliable form of birth control (birth control pills, a reliable barrier method, or a hormonal implant as recommended 
by a physician). I have discussed possible ways of preserving my fertility with my doctor, if applicable.

_________ (Patient Initials) A healthcare professional has provided and reviewed with me written information on the drugs I 
will receive. I HAVE HAD THE CHANCE TO ASK ANY QUESTIONS ABOUT THE DRUGS I WILL RECEIVE AND AM SATISFIED 
WITH THE INFORMATION PROVIDED.

My healthcare team has explained my treatment plan in detail. My doctor has discussed with me other methods of treating this disease 
and the risks and benefits of treatment. There is no guarantee that this treatment will give me the same results that other patients have 
received. If I change my mind and decide to stop treatment at any time, my doctor will continue to provide for my care in the future.

I have read the above information. I understand the possible risks and benefits of the recommended treatment plan. I agree to 
accept the treatment and authorize Dr. _______________________ and his/her healthcare team to carry out the treatment plan.

Patient Signature:                                                                                                                           Date:                                                                                           

I have explained the expected response, side effects, and possibility of risks of the listed drugs to the above named patient.

Physician Signature:                                                                                                                           Date:                                                                                           
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Appendix F. Distress Thermometer

Note. From NCCN Distress Thermometer and Problem List for Patients [v.2.2016], by National Comprehensive Cancer Network. Retrieved from https://
www.nccn.org/patients/resources/life_with_cancer/pdf/nccn_distress_thermometer.pdf. Copyright 2016 by National Comprehensive Cancer Network. 
Reprinted with permission.

https://www.nccn.org/patients/resources/life_with_cancer/pdf/nccn_distress_thermometer.pdf
https://www.nccn.org/patients/resources/life_with_cancer/pdf/nccn_distress_thermometer.pdf
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Appendix G. Hazardous Drug Administration Safe Handling Checklist

Name:  ___________________________________________________  Date of Review and Exam:  ___________________________

PRIOR TO ADMINISTRATION Yes No Initials

1. Gather equipment required for drug administration.

2. Select appropriate gloves for hazardous drug administration.

3. Select appropriate gown for hazardous drug administration.

4. Identify situations when mask and face protection are required.

5. Locate hazardous drug spill kit.

6. Obtain hazardous waste container.

7. Receive drug(s) from pharmacy in sealed bag.

ADMINISTRATION

1. Wash hands and don personal protective equipment before opening drug delivery bag.

2.  Visually inspect the contents of the delivery bag for leaks.

3.  Gather IV administration supplies including closed-system drug-transfer devices.

4.  For IV infusions
 • Ensure tubing is primed with a nondrug solution.
 • Utilize plastic backed absorbent pad under work area. Remove cap from IV tubing and connect to 
patient’s IV device.

 • Utilize closed-system drug-transfer device when compatible.
 • Tighten locking connections.
 • When complete, don personal protective equipment and discontinue IV bag with tubing intact (do not 
unspike bag).

 • Utilize gauze pads when disconnecting from patient’s IV device when a closed-system drug-transfer 
device cannot be used.

5.  For IV push medications
 • Utilize closed-system drug-transfer device when possible.
 • Tighten locking connection.
 • When complete, do not recap needle. 
 • Discard syringe-needle unit in puncture-proof container.

6.  For intramuscular/subcutaneous injections
 • Utilize closed-system drug-transfer device when possible.
 • Attach needle to syringe.
 • Tighten locking connection.
 • When complete, do not recap needle.
 • Discard syringe-needle unit in puncture-proof container.

7. For oral drugs (tablets/capsules)
 • If using bar code technology, scan medication prior to removing medication from packaging.
 • Don gloves.
 • Open unit-dose package and place into medicine cup (avoid touching drug or inside of package).
 • Avoid touching tablets/capsules.

8. For oral drugs in liquid form
 • Obtain drug in final form in appropriate oral syringe.
 • Don double gloves, gown, and mask with face protection.
 • Use plastic-backed absorbent pad during administration.
 • Discard syringe in hazardous waste container after administration.

POSTADMINISTRATION

1. Don personal protective equipment.

2. Seal hazardous drug–contaminated supplies in sealable plastic bag for transport to hazardous waste container.

(Continued on next page)
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Appendix G. Hazardous Drug Administration Safe Handling Checklist (Continued)

POSTADMINISTRATION (cont.) Yes No Initials

3. Place sealed plastic bag in hazardous waste container.

4.  Remove outer gloves.

5. Close lid on waste container.

6.  Decontaminate equipment in the area appropriately.

7.  Remove and discard inner gloves.

8.  Wash hands thoroughly with soap and water.

Note. From Safe Handling of Hazardous Drugs (3rd ed., pp. 96–97), by M. Polovich and M.M. Olsen (Eds.), 2018, Pittsburgh, PA: Oncology Nursing Soci-
ety. Copyright 2018 by Oncology Nursing Society. Reprinted with permission.
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Appendix H. Extravasation

Photo 1. Erythema of site of port extravasation of doxorubicin 
(February 14)

Photo 2. Beginning of skin necrosis (February 28)

Photo 3. Area of extravasation following debridement (March 18) Photo 4. Granulation of outer areas of debrided area (June 5)

Photo 5. Ten months following extravasation, healing of area and 
formation of scars (December 10)

Photo 6. Severe tissue necrosis secondary to vesicant extravasa-
tion

Note. Photos 1–5 from “Chemotherapy Extravasation From Implanted Ports,” by L. Schulmeister and D. Camp-Sorrell, 2000, Oncology Nursing Forum, 27, 
p. 534. Copyright 2000 by Oncology Nursing Society. Reprinted with permission. Photo 6 courtesy of Rita Wickham, RN, PhD, AOCN®. Used with permis-
sion.
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Appendix I. Vesicant Drug Extravasation Record

Patient:   Date of infiltration:   Time:  

Today’s date:  

Drug:   Dilution (mg/ml):  

Estimated amount infiltrated:  

Vascular Access Infusion Method Pretreatment Assessment

 Peripheral IV
Location:  

 Peripherally inserted central   
catheter

 Implanted port
Needle size and length:  

 Tunneled catheter
 Other

 IV push via side-arm of free- 
flowing IV

 Direct IV push
 Minibag infusion
 Continuous infusion

Infusion pump used? 
 Yes  No

Location:  

Type and size of needle/catheter:  
 

Description and quality of blood return:   
 

Comments:  
 

Consider timed and dated photograph of site to 
add to medical record.

Description:
Include topical cooling/heating applied, treatments, antidotes used, measurements of site, edema, and/or redness.  
Assess extremity for range of motion and discomfort with movement.

Situation:  

Background:  
 
 

Assessment (include photos):  
 
 

Recommendations:  
 
 

Authorized prescriber notified:  

Patient/Caregiver instructions:  
 

Comments:  
 

Consultations: Follow-up:
 Plastic surgery Date:  
 Physical therapy Date:  
 Other:  
 
 
 

Include return appointments, patient instructions on 
skin assessment, temperature monitoring, and report-
ing of pain.
 
 
 

Notes:  
 
 
 

Signature:   Date:  
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Index

The letter f after a page number indicates that relevant information appears in a figure; the letter t, in a table.

A
abbreviations, ix–xi
ABC transporters, 39
abemaciclib, 107t
abiraterone, 93t, 97–98

cardiotoxicity of, 394t
hepatic toxicity of, 461t

absolute neutrophil count 
(ANC), 273, 278

absorption, of drug, 38
acalabrutinib, 107t
Access Device Standards of Prac-

tice for Oncology Nursing 
(ONS), 13

acneform eruptions, 504t, 517t
acquired immunity. See adap-

tive immunity
acral erythema, 508t
acute cholestasis, 461–462
acute encephalopathy, 554t, 

560–562
acute hepatocellular injury, 

461
acute kidney injury (AKI), 

471–474
acute-onset nausea/vomiting, 

295, 300–305
acute promyelocytic leukemia 

(APL), 430–432
adaptive immunity, 142, 142f, 

142t
adenoids, 143
adenosine 

triphosphate-binding cas-
sette (ABC) transporter 
family, 39

adherence
to cancer treatment, 41–42
factors influencing, 42t
measures to promote, 42–43
monitoring/assessment of, 

43–44
adjuvant therapy, 30–31
ado-trastuzumab emtansine, 

170t

cardiotoxicity of, 392
hepatic toxicity of, 259t

adrenal cancer, hormone 
therapy for, 96

adrenal insufficiency, 534
adrenocortical carcinoma, 

96, 99
adrenolytics, 92t, 99
adverse events, 45, 193–194. 

See also specific toxicities
afatinib, 108t

cardiotoxicity of, 375t
diarrhea from, 313
hepatic toxicity of, 453t
ocular toxicity of, 591t
pulmonary toxicity of, 414t

Agency for Healthcare 
Research and Quality 
(AHRQ), on health liter-
acy, 17

age-related factors
affecting treatment, 197
in cognitive function, 572
in hepatic toxicities, 445–

446
in mucositis, 331
in pulmonary toxicity risk, 

404
in reproductive function, 

495
in SMN risk, 601–602

alcohol intake, 194, 321, 364, 
602

aldesleukin (IL-2), 161t, 359
genitourinary toxicity of, 

473t
hepatic toxicity of, 459t
ocular toxicity of, 589t
pulmonary toxicity of, 421t, 

426
alectinib, 108t

cardiotoxicity of, 375t
hepatic toxicity of, 453t

alemtuzumab, 170t
cardiotoxicity of, 392t

hepatic toxicity of, 460t
neurotoxicity of, 557t
pulmonary toxicity of, 424t

alimentary tract mucositis, 
329. See also mucositis

alkylating agents, 62, 63t–68t
cardiotoxicity of, 364t–366t
extravasation of, 255t
genitourinary toxicity of, 

472t
hepatic toxicity of, 447t–448t
infertility from, 495
late effects from, 601
mucositis from, 330
neurotoxicity of, 557t
ocular toxicity of, 585t
pulmonary toxicity of, 

405t–407t, 435
sexual dysfunction from, 489

allergies, 198, 202. See also 
hypersensitivity reactions

all-trans-retinoic acid 
(ATRA), 79t

pulmonary toxicity of, 403–
404, 411t, 430–431

alopecia, 502t, 517t, 518
assessment of, 517t, 519
clinical manifestations of, 

519
incidence of, 518
management of, 519–520
pathophysiology of, 518
patient education on, 520–

521
risk factors for, 518–519, 519t

alprazolam, 302t
altered immunogenicity, 145
alternative care, 196. See also 

complementary and alter-
native medicine

altretamine, 63t, 557t
alveolar hemorrhage, 429–

430
alvimopan, for constipation, 

341, 342t

ambulatory infusion pumps, 
209–210

American Cancer Society, 
613t

American College of Sur-
geons Commission on Can-
cer Cancer Program Stan-
dards, 13

American Nurses Associa-
tion (ANA), Code of Eth-
ics, 12–13

American Society of Clinical 
Oncology (ASCO)

chemotherapy safety stan-
dards of, 3, 13, 202

on CINV management, 
300–301, 305–306

on palliative care, 32
on performance status, 199
on survivorship, 613t

amidotrizoate, for constipa-
tion, 342t

amifostine, for mucositis, 335, 
336t

anaphylaxis, 198, 217, 262, 
264t

emergency management of, 
265–268, 266t

risk factors for, 264
symptoms of, 266

anaplastic lymphoma kinase 
(ALK) inhibitors, 30, 103

anastrozole, 93t, 588t
androgen replacement ther-

apy, 544
androgens, for prostate can-

cer, 91–95
anemia, 273, 274t, 285–288, 

287t–288t, 571
angiogenesis, 25, 146–147
angiotensin-converting 

enzyme inhibitors, 357, 363
angiotensin receptor block-

ers, 357, 363
Ann Arbor staging system, 27



632

anorexia, 306–309
anthracyclines, 77t–78t, 194

cardiotoxicity of, 361–363, 
368t–372t

CINV with, 301
cutaneous toxicity of, 501
extravasation of, 255
hepatic toxicity of, 450t–451t

antiandrogens, 92t–93t, 97
antibodies, 142
anticipatory nausea/vomit-

ing, 294–295, 300
antidepressants, for fatigue 

management, 544
antiemetics, 195, 296–306, 

302t–304t
antigen-presenting cells, 145
antigen recognition phase, of 

immune response, 145
antigens, 145
antihypertensive therapy, 

357–358
antimetabolites, 62, 68t–74t, 

87, 330
cardiotoxicity of, 366t–368t
cutaneous toxicity of, 501
endocrine toxicity of, 526t
genitourinary toxicity of, 

472t
hepatic toxicity of, 

448t–449t
neurotoxicity of, 557t
ocular toxicity of, 585t–586t
pulmonary toxicity of, 

407t–409t, 432
sexual dysfunction from, 489

antitumor antibiotics, 75t–
78t, 87, 194

cardiotoxicity of, 372t
cutaneous toxicity of, 501
endocrine toxicity of, 526t
extravasation of, 256t
genitourinary toxicity of, 

472t–473t
hepatic toxicity of, 449t–451t
mucositis from, 330
neurotoxicity of, 568
ocular toxicity of, 586t–587t
pulmonary toxicity of, 

409t–410t
sexual dysfunction from, 489

apalutamide, 92t, 97
APL treatment-related differ-

entiation syndrome, 430–
432

aprepitant, for nausea/vomit-
ing, 301, 303t, 305

area under the curve (AUC) 
dosing, 203–204, 203f

aromatase, 98
aromatase inhibitors (AIs), 

93t, 98
cardiotoxicity of, 359
ocular toxicity of, 588t

arsenic trioxide, 79t, 87
cardiotoxicity of, 373t
hepatic toxicity of, 451t
neurotoxicity of, 558t
pulmonary toxicity of, 411t, 

431
ASCO/ONS Chemotherapy 

Administration Safety Stan-
dards, 3, 13, 202

aseptic meningitis, 555t, 565
asparaginase, 79t, 87

endocrine toxicity of, 526t
hepatic toxicity of, 451t
hypersensitivity reactions 

to, 263t
pancreatitis from, 327–328
pulmonary toxicity of, 403

assisted dying, 12
atezolizumab, 151t

colitis from, 321t, 322
hepatic toxicity of, 458t
pancreatitis from, 327
pulmonary toxicity of, 420t

atrial fibrillation, 353–356
atropine, for diarrhea, 317t
autologous cellular immuno-

therapy, 162t, 390t
autonomy, 12, 13t
avelumab, 151t

colitis from, 321t, 322
endocrine toxicity of, 528t

axicabtagene ciloleucel, 152t, 
178

axitinib
cardiotoxicity of, 375t
diarrhea from, 313
endocrine toxicity of, 527t
hepatic toxicity of, 453t
ocular toxicity of, 591t

azacitidine, 68t
cardiotoxicity of, 366t
genitourinary toxicity of, 472t
neurotoxicity of, 557t
pulmonary toxicity of, 431

azathioprine, pulmonary tox-
icity of, 404

azoospermia, 494–495

B
bacillus Calmette-Guérin 

(BCG), 224, 433
band neutrophils, 274
basophils, 143, 276t
B-cell receptor pathway inhib-

itors, 103–104
BCR-ABL tyrosine kinase 

inhibitors, 103
Beau lines, 503t
behavioral modification, 32
behavioral research, 51
belinostat, 109t, 453t
bendamustine, 63t, 258–259, 

259t

blood pressure. See hyperten-
sion

B lymphocytes, 142–144, 276t
body fluids, safe handling of, 

242–243
body surface area (BSA), dos-

ing based on, 202–203, 
203f, 205

bone density studies, in survi-
vorship, 612

bone marrow, 143, 276
bortezomib, 110t

cardiotoxicity of, 375t
hepatic toxicity of, 453t
neurotoxicity of, 558t, 568–

569
ocular toxicity of, 592t
pulmonary toxicity of, 403, 

414t, 426, 431, 433
bosutinib, 110t

cardiotoxicity of, 375t
hepatic toxicity of, 454t

brachytherapy, 27
bradycardia, 354
BRAF inhibitors, 103, 512–

513
brain cancers, staging of, 27
breakthrough nausea/vomit-

ing, 296, 306
breast cancer

hormone therapy for, 95
SMN risk with, 604t, 610

breast self-examination, 612
brentuximab vedotin, 165t

hepatic toxicity of, 460t
neurotoxicity of, 557t
pulmonary toxicity of, 422t

brigatinib, 111t
cardiotoxicity of, 376t
endocrine toxicity of, 527t
pulmonary toxicity of, 

415t–416t
bright-light therapy, 543
Bristol Stool Form Scale, 340
bronchiolitis obliterans orga-

nizing pneumonia, 403
bronchodilators, 428, 430
bronchoscopy, 427
bronchospasm, 403
Bruton tyrosine kinase (BTK) 

pathway, 103–104
Budd-Chiari syndrome, 462
bulk-forming laxatives, 344t
busulfan, 63t

cardiotoxicity of, 364t
hepatic toxicity of, 447t
ocular toxicity of, 585t
pulmonary toxicity of, 403–

404, 405t, 435

C
cabazitaxel, 84t

extravasation of, 251, 257t

genitourinary toxicity of, 472t
hepatic toxicity of, 447t

beneficence, 13t
benzodiazepine, for nausea/

vomiting, 302t
benzydamine mouthwash, for 

mucositis, 334, 336t
beta-blockers, 357
BETTER model, of sexual 

function communication, 
493–494

bevacizumab, 171t
cardiotoxicity of, 357, 359, 

362, 392t–393t
diarrhea from, 313
endocrine toxicity of, 529t
genitourinary toxicity of, 

473t
neurotoxicity of, 557t
ocular toxicity of, 589t
pulmonary toxicity of, 424t
VTE from, 358

bexarotene, hepatic toxicity 
of, 451t

bicalutamide, 92t, 97
binimetinib, ocular toxicity 

of, 591t
bioequivalence studies, for 

generic drugs, 56
biologics, development of, 

56–57
biomarkers, 40–41, 308, 434
biosafety cabinet (BSC), 240, 

245
biosimilars, 30, 57, 290
bisacodyl, for constipation, 

341, 343t
bisphosphonates

genitourinary toxicity of, 473t
ocular toxicity of, 590t

black cohosh, 491
bladder irrigation, for hemor-

rhagic cystitis, 481
bland pulmonary hemor-

rhage, 429
bleomycin, 75t

cardiotoxicity of, 372t
genitourinary toxicity of, 

472t
hepatic toxicity of, 449t
neurotoxicity of, 568
pulmonary toxicity of, 403–

404, 409t, 426
total lifetime dose of, 404, 428

blinatumomab, 174t
cardiotoxicity of, 394t
cytokine release syndrome, 

262, 426
neurotoxicity, 174, 554
pulmonary toxicity of, 403, 

426
blistering, 505t
blood components, life spans 

of, 276t, 286
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genitourinary toxicity of, 
473t

hepatic toxicity of, 452t
neurotoxicity of, 557t, 568

cabozantinib, 111t
cardiotoxicity of, 376t
diarrhea from, 313
genitourinary toxicity of, 

473t
hepatic toxicity of, 454t

cachexia, 306–309, 307f
Calvert formula, for creatinine 

clearance, 203, 203f, 205
camptothecins, 82t–83t, 87

hepatic toxicity of, 452t
pulmonary toxicity of, 410t

cancer
definitions/terminology, 25
history of treatments, 28t–

29t
models of evolution, 25, 26f

Cancer Genome Atlas, 40
cancer grading, 27
Cancer.Net, 613t
cancer-related fatigue (CRF). 

See fatigue
cancer staging, 26–27
cancer treatment plan, 193
cannabinoids, for nausea/

vomiting, 302t
capecitabine, 69t, 195

cardiotoxicity of, 359, 367t
cutaneous toxicity of, 501
genitourinary toxicity of, 

472t
hepatic toxicity of, 448t
neurotoxicity of, 557t
ocular toxicity of, 585t
pulmonary toxicity of, 407t

capillary leak syndrome, 402, 
426

capsaicin, for mucositis, 337t
carboplatin, 64t

delayed CINV with, 296, 306
dose calculation for, 203–

204, 203f–204f, 205
hypersensitivity reactions 

to, 263t
neurotoxicity of, 557t
ocular toxicity of, 585t
pancreatitis from, 327

carcinogens, exposure to, 26, 
235–237, 236t

cardiac testing, pretreatment, 
201–202

cardiotoxicity, of cancer ther-
apy, 353, 361, 364t–394t. 
See also conduction path-
way disorders; coronary 
artery disease; heart fail-
ure; hypertension; venous 
thromboembolism

care coordination
for sexual dysfunction, 492

in survivorship, 600
carfilzomib, 112t

cardiotoxicity of, 377t
hepatic toxicity of, 454t
neurotoxicity of, 558t
pulmonary toxicity of, 416t

carmustine, 82t
hepatic toxicity of, 451t
ocular toxicity of, 587t
pulmonary toxicity of, 403–

404, 412t, 435
cascade effect, of cytokine 

action, 180
castration-resistant prostate 

cancer, 95
C. difficile colitis, 319–320, 325
cell cycle, 61–62, 61f
cell cycle-nonspecific drugs, 

62, 276–277
cell cycle-specific drugs, 62, 

276
cell death inhibition, 40
cell death rate, 61
cell-mediated immunity, 142
cellular kinetics, 61
cellulitis, perirectal, 337–338
central venous access devices, 

212–213, 253
cerebellar syndrome, 554t, 

562–564
cereblon, 181
cerebrovascular hemorrhage, 

555t, 564–565
ceritinib, 113t

cardiotoxicity of, 377t
endocrine toxicity of, 527t
hepatic toxicity of, 454t

cervical cancer, SMN risk 
with, 604t, 610

cetuximab, 165t
cardiotoxicity of, 359, 391t
diarrhea from, 313
ocular toxicity of, 589t
pulmonary toxicity of, 402–

404, 423t, 426
checklists

for medication administra-
tion, 7, 205, 623–624

for professional compe-
tency, 5

for safe handling, 627–628
checkpoint inhibitors, 149, 

150t–151t, 177
cardiotoxicity of, 387t
diarrhea with, 313–314
endocrine toxicity of, 528t, 

531–534
genitourinary toxicity of, 484
hepatic toxicity of, 

458t–459t
ocular toxicity of, 581, 588t
pancreatitis with, 327–328
pulmonary toxicity of, 402, 

419t–421t, 433

checkpoint molecules, 144
chemokines, 145
chemoprevention, 30, 32
chemoreceptor trigger zone 

(CTZ), 294, 294f
chemotherapy agents. See also 

specific agents
adverse events from, 87f (See 

also specific effects/toxici-
ties)

cardiovascular toxicity of, 
364t–374t

classification of, 62, 63t–
86t, 87

cutaneous toxicity of, 501–
511, 514

endocrine toxicity of, 526t
gastrointestinal toxicity of, 

279t–300t, 310f
genitourinary toxicity of, 

472t–473t, 483–484
hepatic toxicity of, 447t–452t
hypersensitivity reactions 

from, 263t
neurotoxicity of, 557t–558t, 

559–568
ocular toxicity of, 585t–588t
pulmonary toxicity of, 401–

404, 405t–414t, 432–433
sexual dysfunction from, 

489
chemotherapy

defined, 28–30, 61–62
dose calculation for, 202–

205
routes of administration, 

206–227
chemotherapy-induced nau-

sea and vomiting (CINV), 
293. See also nausea/vom-
iting

chemotherapy-induced neu-
tropenia (CIN), 274–284. 
See also neutropenia

chemotherapy-induced 
peripheral neuropathy 
(CIPN). See peripheral neu-
ropathy

chest x-rays, 427–428, 432
childhood cancers

SMN risk with, 611
staging of, 27 (See also pedi-

atric patients)
survivors of, 599

Child-Pugh classification, of 
liver disease, 465, 467t

Children’s Oncology Group
on long-term follow-up, 599
staging system, 27

chimeric antigen receptor 
(CAR) T-cell immunother-
apy, 149, 152t–153t, 177–
179, 262, 262f

cardiotoxicity of, 387t

neurotoxicity of, 568
chimeric mAbs, 165t–167t, 

182, 182f, 262f
cardiotoxicity of, 391t–392t
ocular toxicity of, 589t
pulmonary toxicity of, 

422t–423t
chlorambucil, 64t

hepatic toxicity of, 447t
ocular toxicity of, 585t
pulmonary toxicity of, 404, 

405t
chlorhexidine, for mucosi-

tis, 336t
chlorozotocin, pulmonary 

toxicity of, 404
cholestasis, 461–462
chronic cholestasis, 462
chronic encephalopathy, 

560–562
chronic hepatocellular injury, 

461
chronic kidney disease, 477–

478
chronic lymphocytic leuke-

mia, staging of, 27
circulating tumor cells/DNA, 

34
cirrhosis, 465, 467t
cisplatin, 64t

cardiotoxicity of, 364t, 602
delayed CINV with, 296
genitourinary toxicity of, 

472t, 483
hypersensitivity reactions to, 

217, 263t
magnesium levels with, 218
neurotoxicity of, 557t, 567–

568
ocular toxicity of, 585t
pancreatitis from, 327
VTE from, 358

cladribine, 69t, 557t
clinical benefit response, 33
clinical breast examination, 

612
clinical data manager, 54
clinical practicum, for pro-

fessional education, 3–4, 
620–621

clinical research, 51
clinical research protocols, 

52–53, 52f
clinical staging, 27
clinical trial nurses, 54
clinical trials, 51–52, 51t

phases of, 57t
roles/responsibilities in, 

53–54, 55t
types of, 51t

clofarabine, 69t–70t
cardiotoxicity of, 367t
hepatic toxicity of, 448t

clonal evolution model, 25, 26f
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closed-system drug-transfer 
devices (CSTDs), 208, 214, 
217

cluster of differentiation 
(CD) markers, 145

coagulation therapies, 430
cobimetinib, 113t, 378t
Cockcroft-Gault formula, for 

creatinine clearance, 203–
204, 204f

Codman® 3000 implantable 
constant-flow infusion 
pump, 226

cognitive behavioral therapy 
(CBT), for fatigue manage-
ment, 542–543

cognitive impairment, 197, 
569–574, 570f

colectomy, 316, 326
colitis, 319–320

assessment of, 323–324
case report on, 325f
clinical manifestations of, 

322–323
drugs causing, 320–322, 321t
incidence of, 320–322
management of, 324–326
patient education on, 326–

327
risk factors for, 322

colony-forming 
unit-granulocyte- 
macrophage progenitor 
cell, 274

colony-stimulating factors, 
for neutropenia, 279, 
280t–281t

combination chemotherapy, 
88, 404

combination therapies, 31, 
601

combined androgen blockade 
(CAB), 97

Common Terminology Cri-
teria for Adverse Events 
(CTCAE), 45, 46t, 200

for anemia, 274t
for anorexia, 308t
for colitis, 325t
for constipation, 340–341
for cutaneous toxicities, 517t
for diarrhea, 315
for differentiation syn-

drome, 431
for extravasation, 254t
for febrile neutropenia, 273, 

274t
for hepatic toxicity, 465, 

466t
for hypersensitivity reac-

tions, 264t
for left ventricular dysfunc-

tion, 361
for mucositis, 333

for nausea/vomiting, 301t
for thrombocytopenia, 274t

communication
cultural diversity and, 11
ethical issues in, 12
in patient education, 18–19
during staff handoffs, 8

comorbidities, 36, 194–195, 
572

competency assessment, 4–5
complementary and alterna-

tive medicine
for anorexia/cachexia, 309
assessed before treatment, 

196–197
ethical issues with, 11–12
for fatigue management, 

543–545
complete response (CR), 

33–34
compliance. See adherence
compounding, safe handling 

during, 240–241
compounding aseptic con-

tainment isolator (CACI), 
240, 245

computed tomography–based 
tumor density, 33

computed tomography (CT) 
scan, 427–428, 432–433

conditioning therapy, for 
HSCT, 31, 435

conduction pathway disor-
ders, 353–356

assessment of, 355
clinical manifestations of, 

355
incidence of, 354
management of, 355
pathophysiology of, 354
patient education on, 355–

356
risk factors for, 354–355

confidentiality, 12
conflict resolution, 12
congestive heart failure, as 

comorbidity, 194
conjugated mAbs, 183
constipation, 338–339

assessment of, 339–341
clinical manifestations of, 

339
incidence of, 339
management of, 341–346, 

342t–345t
pathophysiology of, 339
patient education on, 346
risk factors for, 339, 340t

Constipation Assessment 
Scale, 340

containment primary engi-
neering control (C-PEC), 
207, 240–241

continuing education, 3–5

continuous infusion, 210, 
215–216

contraction phase, of immune 
response, 145

control, as treatment goal, 32
copanlisib, 114t
coronary artery disease, 359–

360
corticosteroids

for alveolar hemorrhage, 
430

for anorexia/cachexia, 309
for colitis, 326
for fatigue, 544
for ILD, 428
for nausea/vomiting, 303t
ocular toxicity of, 590t
for pulmonary alveolar pro-

teinosis, 434
cranial nerve deficits, 562, 

563t
creatinine clearance

calculation of, 203–204, 
204f, 205

deterioration of, 404
crizotinib, 114t–115t

cardiotoxicity of, 378t
hepatic toxicity of, 454t
ocular toxicity of, 592t
pulmonary toxicity of, 404

cryopreservation, of oocytes/
embryos/sperm, 495–496

cryptogenic organizing pneu-
monia, 403

CTCAE. See Common Termi-
nology Criteria for Adverse 
Events

cultural diversity, 11, 18
curative intent, as treatment 

goal, 32, 193
cut-and-paste errors, 7
cutaneous toxicities, 501–515, 

502t–510t, 512f, 514f–516f
assessment of, 515
management of, 513f, 516–

518
patient education on, 518

CyberKnife® radiosurgery, 27
cyclin-CDK complexes, 62
cyclin-dependent kinase 

enzymes, 61
cyclin-dependent kinase 

(CDK) inhibitors, 30, 61, 
104

cyclins, 61
cyclophosphamide, 65t

cardiotoxicity of, 365t
CINV with, 296, 301
genitourinary toxicity of, 

472t
hepatic toxicity of, 447t
ocular toxicity of, 585t
pulmonary toxicity of, 402–

404, 405t–406t, 426, 433

cyclosporine
genitourinary toxicity of, 474t
ocular toxicity of, 590t

CYP17 enzyme, 97
CYP17 inhibitors, 93t, 97–98
CYP3A4 inhibitors/inducers, 

195–196
cytarabine, 38–39, 70t, 256t

cutaneous toxicity of, 501
hepatic toxicity of, 448t
neurotoxicity of, 557t
ocular toxicity of, 586t
pancreatitis from, 327
pulmonary toxicity of, 402–

403, 407t
cytarabine liposomal, 70t, 

77t, 369t
cytochrome P450 enzymes, 38
cytokine release syndrome 

(CRS), 178–179, 262–264, 
262f, 264t

management of, 268
risk factors for, 264–265

cytokines, 142, 144–145, 149, 
153t–161t, 179–181

cardiotoxicity of, 387t–389t
endocrine toxicity of, 529t
genitourinary toxicity of, 473t
hepatic toxicity of, 459t
ocular toxicity of, 588t–589t
pulmonary toxicity of, 421t

cytopenia, 273
cytosine arabinoside, pulmo-

nary toxicity of, 403, 426, 
433

cytostatic agents, 33
cytotoxic T cells, 142–143
cytotoxic T-lymphocyte anti-

gen 4 (CTLA-4), 144, 149, 
150t, 319

cutaneous toxicity of, 513
endocrine toxicity of, 531
hepatic toxicity of, 458t
ocular toxicity of, 588t
pulmonary toxicity of, 419t

D
dabrafenib, 115t

cardiotoxicity of, 378t
diarrhea from, 313
endocrine toxicity of, 527t
hepatic toxicity of, 454t
ocular toxicity of, 592t

dacarbazine, 65t
cardiotoxicity of, 365t
hepatic toxicity of, 447t

dactinomycin, 75t, 256t, 450t
daratumumab, 167t
darbepoetin, 153t–154t, 280t
dasatinib, 116t

cardiotoxicity of, 379t
hepatic toxicity of, 454t
for HSCT, 435
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pulmonary toxicity of, 402, 
404, 417t, 426, 433

daunorubicin, 77t, 256t
cardiotoxicity of, 368t–369t
hepatic toxicity of, 450t–451t
pulmonary toxicity of, 433

decitabine, 70t, 526t
deep vein thrombosis, risk 

with SERM therapy, 98
deferoxamine, ocular toxic-

ity of, 590t
degarelix, 94t, 96
DEHP-free tubing, 210
dehydroepiandrosterone 

(DHEA), 91
delayed diarrhea, 313, 316
delayed-onset nausea/vomit-

ing, 295–296, 300–306
denosumab, 167t
dentures, patients with, 337
depigmentation, 509t
dermatologic effects. See cuta-

neous toxicities
desvenlafaxine, 491
dexamethasone, for nausea/

vomiting, 300–301, 303t, 305
dexamethasone mouthwash, 

for mucositis, 336t
dexrazoxane, for extravasa-

tion treatment, 255, 257
diabetes, 194, 534
diagnostic trial, 51t
diapedesis, 276
diarrhea, 309–312

assessment of, 310f, 314–315
classification of, 309–313
clinical manifestations of, 

314
differential diagnosis of, 313
drugs causing, 313–314, 321t
incidence of, 313–314
management of, 195, 

310f–311f, 315–318, 317t
pathophysiology of, 312–313
patient education on, 318–

319
risk factors for, 314–315, 321t

dietary modifications
for cancer cachexia, 309
for constipation, 341, 346
for diarrhea, 316, 318
for left ventricular dysfunc-

tion, 364
for nausea/vomiting, 306
for neutropenia, 279, 284
in survivorship, 316, 602, 

612
diffuse alveolar hemorrhage, 

429
diffusing capacity of the 

lung for carbon monoxide 
(DLCO), 429, 434

dihydropyridine calcium 
channel blockers, 357

dimerization, of EGFRs, 144
dinutuximab, 166t, 391t
diphenoxylate hydrochloride, 

for diarrhea, 317t
direct care nurses, in clinical 

trials, 54, 55t
direct IV push method, 214
disease-free survival, 35
distress, 198, 202
Distress Thermometer 

(NCCN), 198–199, 626
distribution, of drug, 38
DNA-binding vesicants, 251
DNA reparability, 39
DNA sequencing, 40
docetaxel, 84t

cardiotoxicity of, 359, 373t
cutaneous toxicity of, 501
extravasation of, 252, 257t
hepatic toxicity of, 452t
hypersensitivity reactions 

to, 263t
neurotoxicity of, 557t, 568
ocular toxicity of, 587t
pulmonary toxicity of, 403–

404, 413t, 426, 433
documentation

common errors in, 14
of extravasation, 257, 258f, 

630
of HD spills, 246
legal issues with, 14
of patient education, 20

docusate, for constipation, 
341, 344t

dolasetron, for nausea/vomit-
ing, 303t

dopamine antagonists, for 
nausea/vomiting, 303t

dose calculation, 202–205, 
207, 217, 220

dose density, 31–32
dose error reduction soft-

ware, 211. See also medica-
tion errors

dose intensity, 31–32
dose-limiting toxicities, 62, 87
dose rounding, 205, 207
dose verification, 7, 205–206, 

220–221
dosimeter, 242
doubling time, of tumor, 61
doxepin mouthwash, for 

mucositis, 336t
doxorubicin, 77t, 256t, 296

cardiotoxicity of, 370t
cutaneous toxicity of, 501
hepatic toxicity of, 450t–451t
neurotoxicity of, 568
ocular toxicity of, 586t
pulmonary toxicity of, 404

doxorubicin liposomal, 78t, 
256t

cardiotoxicity of, 369

hepatic toxicity of, 450t
driver mutations, 25
dronabinol, for nausea/vom-

iting, 302t
drug absorption, 38
drug desensitization, 266–268
drug development process, 

54–57, 55t–56t
drug distribution, 38
drug-drug interactions, 38, 

106, 195–196
drug efflux, 39
drug excretion, 38
drug inactivation, 38–39
drug metabolism, 38
drug resistance, 36–40
drug shortages, 8
drug target alteration, 39
D-type cyclins, 104
Du Bois and Du Bois formula, 

for dose calculation, 202–
203, 203f

durvalumab, 151t
colitis from, 321t, 322
hepatic toxicity of, 459t
pulmonary toxicity of, 421t

dysentery, 312
dyspareunia, 488, 490
dyspnea, 404
dysrhythmias, 353–355

E
Eastern Cooperative Oncol-

ogy Group (ECOG) perfor-
mance status score, 35–36, 
37t, 199

Eating Hints: Before, During 
and After Cancer Treatment, 
306

echinoderm 
microtubule-associated 
protein-like 4 (EML4), 103

echocardiogram, 202
eculizumab, 171t
education. See patient educa-

tion; professional education
effector phase, of immune 

response, 145
EGFR inhibitors, 30, 39, 104, 

105f
cutaneous toxicity of, 511, 

513f, 515
ocular toxicity of, 581
pulmonary toxicity of, 402–

404, 423t, 426
EGFR-T790M gatekeeper 

mutation, 39
electrocardiogram, 202
electrolyte repletion, during 

diarrhea, 315
electronic health records, 

safety measure provided 
in, 7

elotuzumab, 172t
cardiotoxicity of, 392t
endocrine toxicity of, 529t
hepatic toxicity of, 460t

eltrombopag, 116t
embryo cryopreservation, 495
emergency preparedness, 7–8
emollient laxatives, 341
enasidenib, 117t
encephalopathy, 554t, 560–

562
endocrine toxicities, 525, 

526t–529t
endocrine treatments. See 

hormone therapy
end-of-life, ethical issues at, 

11–12
endometrial cancer

hormone therapy for, 95, 98
risk with SERM therapy, 98

enema, for constipation, 341, 
345t

energy conservation, 542
enteral nutrition, 309
environmental exposure, to 

carcinogens, 26, 235–237, 
236t

enzalutamide, 92t, 97
eosinophils, 143, 276t
epidemiologic research, 51
epidermal growth factor 

receptor (EGFR), 41, 103–
104, 144, 581

epidermal growth fac-
tor receptor inhibitors 
(EGFRIs), 30, 39, 104, 105f

cutaneous toxicity of, 511, 
513f, 515

ocular toxicity of, 581
pulmonary toxicity of, 402–

404, 423t, 426
epigenetic changes, 25
epigenetic mechanisms, 104
epipodophyllotoxins, 83t, 

87–88
hepatic toxicity of, 452t
hypersensitivity reactions 

to, 263t
ocular toxicity of, 587t
pulmonary toxicity of, 413t

epirubicin, 78t, 256t
cardiotoxicity of, 371t
hepatic toxicity of, 450t

epithelial ovarian cancer, 95
epitope, 145
epoetin alfa, 154t, 280t

cardiotoxicity of, 387t
endocrine toxicity of, 529t

erectile dysfunction, 487–
488, 490, 492–493

eribulin, 80t
cardiotoxicity of, 373t
hepatic toxicity of, 451t
neurotoxicity of, 558t
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erlotinib, 117t
cardiotoxicity of, 358–359
diarrhea from, 313
hepatic toxicity of, 454t
ocular toxicity of, 592t
pulmonary toxicity of, 404, 

417t, 426
errors. See medication errors
erythema multiforme, 505t
erythrocytes, 273, 285–286
erythropoiesis, 285
erythropoiesis-stimulating 

agents (ESAs), for fatigue 
management, 544

erythropoietin (EPO), 285–
286

Essential Elements of Survivor-
ship Care, 600

estramustine, cardiotoxicity 
of, 365t

estrogen receptor (ER) antag-
onists, 94t, 98

estrogen receptor (ER) over-
expression, 40

estrogen receptor 
(ER)-positive breast can-
cer, 95, 98

estrogen therapy, 491–492
ethambutol, ocular toxicity 

of, 591t
ethical issues, 11–13
ethics consultation, 12
etoposide, 83t

cutaneous toxicity of, 501
hepatic toxicity of, 452t
ocular toxicity of, 587t
pulmonary toxicity of, 403–

404, 413t
everolimus, 118t

diarrhea from, 313
endocrine toxicity of, 527t
hepatic toxicity of, 455t
pulmonary toxicity of, 403, 

417t, 426, 433
excretion, of drug, 38
exemestane, 93t
exercise

for constipation, 341
for fatigue management, 

540–542
in survivorship, 602.612

exfoliants, 252
external beam radiation ther-

apy, 27
extravasation

documentation of, 257, 258f, 
630

etiologies of, 253
management of, 254–257, 

255t–257t
pathophysiology of, 251–252
patient follow-up after, 257–

258
policy development for, 7–8

results of untreated, 253–
254

risk factors for, 252–253
signs/symptoms of, 253, 

254t, 629
exudative diarrhea, 312
eye protection, 208, 238

F
face protection, 208, 238
fatigue, 537, 538f, 560

with anemia, 288, 539
assessment of, 539–540
drugs associated with, 541t
incidence of, 539
management of, 540–545
pathophysiology of, 537–

539
patient education on, 545

febrile neutropenia, 273, 274t, 
277–278, 284–285. See also 
neutropenia

Female Sexual Function 
Index, 490

fertility concerns, 494–496
fever, 277–278
fidelity, 13t
filgrastim, 155t, 279, 281t, 

387t
filgrastim-sndz, 283t, 290
film badges, 242
financial toxicity, 11
fissure, of skin, 506t, 516f
5 A’s model, of sexual func-

tion communication, 494
5-fluorouracil (5-FU), 72t, 

195
administration errors with, 

209
cardiotoxicity of, 359, 367t
cutaneous toxicity of, 501
diarrhea from, 313
hepatic toxicity of, 448t
mucositis from, 330
ocular toxicity of, 586t

5-HT3 receptor antagonist, 
for nausea/vomiting, 300–
301, 303t–304t, 305

fixed dosing, 202
flare reaction, 261
flat dosing, 202
floxuridine, 71t, 448t
FLT3-internal tandem dupli-

cation (FLT3-ITD), 104
fludarabine, 71t

genitourinary toxicity of, 
472t

neurotoxicity of, 557t
ocular toxicity of, 586t
pulmonary toxicity of, 404, 

408t, 433
fluid resuscitation, during 

diarrhea, 315, 318

fluorine-18 fluorodeoxyglu-
cose positron-emission 
tomography (18F-FDG 
PET), 33–34

fluoxetine, 491
flutamide, 92t, 97
FMS-like tyrosine kinase 3 

(FLT3) inhibitors, 104
focal neurologic deficits, 562, 

563t
follicle-stimulating hormone 

(FSH), 96
follow-up care, in survivor-

ship, 599–600
Food and Drug Administra-

tion (FDA)
on anthracycline cardiotox-

icity, 361
role in drug development, 

53–56
Safety and Innovation Act 

(2012), 8
fosaprepitant, for nausea/

vomiting, 303t
From Cancer Patient to Can-

cer Survivor: Lost in Transi-
tion, 600

fulvestrant, 94t, 98
Functional Assessment of 

Anorexia/Cachexia Ther-
apy (FAACT), 308

G
gabapentin, 491
gefitinib, 119t

diarrhea from, 313
genitourinary toxicity of, 

473t
hepatic toxicity of, 455t
ocular toxicity of, 592t
pulmonary toxicity of, 417t, 

426
gemcitabine, 72t

cardiotoxicity of, 368t
cutaneous toxicity of, 501
genitourinary toxicity of, 

472t
hepatic toxicity of, 448t
neurotoxicity of, 557t
ocular toxicity of, 586t
pulmonary toxicity of, 403–

404, 408t, 426, 433
gemtuzumab ozogamicin, 

172t
generic drugs, 30, 56
gene therapies, 30
genetic mutations/errors, 12, 

25–26
Genetics/Genomics Nursing: 

Scope and Standards of Prac-
tice (ANA/ISONG), 13

genetic testing, ethical issues 
with, 12

genitourinary toxicities, 471, 
472t–474t. See also acute 
kidney injury; chronic kid-
ney disease; hemorrhagic 
cystitis; SIADH; tumor lysis 
syndrome

ginseng, for fatigue manage-
ment, 544

gloves/gowns, 208, 211, 237–
238

glucocorticoids, hyperglyce-
mia from, 529t, 530–531, 
532f

glucose analog tracer, 33–34
glycerin suppository, for con-

stipation, 341
goals, of cancer therapy, 32, 

193
Goldie-Coldman hypothe-

sis, 38
goserelin, 94t, 96
grading

of disease, 27
of toxicities, 45, 46t, 200 

(See also Common 
Terminology Criteria for 
Adverse Events; specific 
toxicities)

granisetron, for nausea/vom-
iting, 304t, 305

granisetron transdermal, for 
nausea/vomiting, 304t

granulocyte–colony- 
stimulating factor (G-CSF), 
155t, 279, 281t

granulocyte macrophage–
colony-stimulating factor 
(GM-CSF), 157t–158t, 279, 
282t, 388t

granulocytes, 143
granulomas, 462
growth factors, 153t–159t, 

280t–283t. See also specific 
growth factors

growth fraction, of tumor, 61

H
H2 antagonist, for nausea/

vomiting, 301, 305–306
hair changes/loss, 502t. See 

also alopecia
haloperidol, for nausea/vom-

iting, 303t
hand-foot syndrome, 508t
hand hygiene, 278–279, 284
handoffs, communication 

during, 8, 210
hazardous drugs (HDs), 235–

237, 236t. See also safe han-
dling of hazardous drugs; 
spill management

disposal of, 243
hierarchy of controls, 237
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home administration of, 
238–240, 239f–240f, 243

storage/labeling of, 238–
240

transporting of, 241–242
headache, 221, 556t, 566
healthcare environment 

reform, 12
health insurance, ethical 

issues with, 11
health literacy, 17–18. See also 

patient education
health services research, 51
health teaching/health pro-

motion, 17
heart failure, 360–364, 435
heated intraperitoneal che-

motherapy (HIPEC), 218
Hedgehog pathway inhibi-

tors, 104
helper T cells, 142–143
hematologic malignancies, 

staging of, 27
Hematology/Oncology Phar-

macy Association, on dose 
rounding, 205

hematopoiesis, 273–274, 275f
hematopoietic growth factors, 

162t, 180, 282t, 529t
hematopoietic stem cells 

(HSCs), 273–274
hematopoietic stem cell trans-

plantation (HSCT)
hemorrhagic cystitis with, 

479
pulmonary toxicity with, 

403, 429, 435
and SMN risk, 611–612

hemorrhagic cystitis, 478
clinical manifestations of, 

480
incidence of, 478–479
management of, 480–483
patient education on, 483
risk factors for, 479–480

hemorrhagic pneumonitis, 
402

hepatic sinusoidal obstruc-
tion syndrome (SOS), 462–
463

hepatic toxicities, 445–463, 
447t–461t

assessment of, 463, 464t, 
466t–467t

incidence/risk factors of, 
446

management of, 463–465
pathophysiology of, 445–

446
patient education on, 465–

467
signs/symptoms of, 446

hepatitis B, 194–195
hepatocellular injury, 461

HER2 (human epidermal 
growth factor receptor 2), 
39–40

herbal supplements. See com-
plementary and alternative 
medicine

high-alert medications, 6
high-dose chemotherapy, 30, 

359, 435
high reticulocyte count, 287t
hirsutism, 502t
histone deacetylase (HDAC) 

inhibitors, 104
Hodgkin lymphoma

SMN risk with, 605t–606t, 
609–610

staging of, 27
hormone receptor (HR)- 

positive breast cancer, 95
hormone-refractory prostate 

cancer, 95
hormone therapy, 30, 91

adverse effects of, 91f, 311f
agents for, 92t–95t
cancers treated with, 91–96
cardiotoxicity of, 394t
categories of, 96–99
endocrine toxicity of, 529t
neurotoxicity of, 571
ocular toxicity of, 588t
patient education on, 97–98
premature, 487, 489
for sexual dysfunction, 491–

492
Huggins, Charles, 95
human anti-mouse antibodies 

(HAMAs), 184–185
human epidermal growth fac-

tor receptor 2 (HER2), 
39–40

humanized mAbs, 170t–173t, 
182, 182f, 262f

cardiotoxicity of, 392t–393t
hepatic toxicity of, 460t
ocular toxicity of, 589t–590t
pulmonary toxicity of, 

424t–425t
human mAbs, 167t–169t, 182, 

182f, 262f
cardiotoxicity of, 392t
endocrine toxicity of, 529t
hepatic toxicity of, 

459t–460t
ocular toxicity of, 589t
pulmonary toxicity of, 424t

human papillomavirus (HPV)
cervical cancer from, 26
CMN risk with, 602

human subject protection, 53
humoral immunity, 142
hyaluronidase, 167t, 208
hydroxyurea, 80t

genitourinary toxicity of, 
473t

hepatic toxicity of, 451t
hyperbaric oxygen, for muco-

sitis, 335
hyperglycemia, 525–530, 

533–534
hyperosmotic laxatives, 343t
hyperpigmentation, 503t, 515f
hypersensitivity pneumonitis, 

402–403, 426
hypersensitivity reac-

tions, 198, 217, 261, 262f, 
263t–264t

preadministration manage-
ment of, 265

risk factors for, 264
treatment of, 268

hypertension, 356
assessment of, 357
clinical manifestations of, 

357
incidence of, 356–357
management of, 357–358
pathophysiology of, 356
patient education on, 358
risk factors for, 357

hyperthyroidism, 530, 532–
533

hypertrichosis, 502t
hypophysitis, 533, 555t
hypothalamus-pituitary- 

adrenal axis suppression, 
98

hypothyroidism, 530–532
hypoxia, 288
hypoxia-inducible factor-1 

(HIF-1) complex, 146

I
ibritumomab, neurotoxicity 

of, 557t
ibrutinib, 119t, 379t
idarubicin, 78t, 256t

cardiotoxicity of, 371t
genitourinary toxicity of, 

473t
hepatic toxicity of, 451t

idelalisib, 120t
colitis from, 321t, 322
hepatic toxicity of, 455t

ifosfamide, 65t
cardiotoxicity of, 366t
genitourinary toxicity of, 

472t
hepatic toxicity of, 447t
ocular toxicity of, 585t
pancreatitis from, 327
pulmonary toxicity of, 404, 

406t
imatinib, 39, 120t

cardiotoxicity of, 379
diarrhea from, 313
endocrine toxicity of, 527t

genitourinary toxicity of, 
473t

hepatic toxicity of, 455t
neurotoxicity of, 558t
ocular toxicity of, 592t
pulmonary toxicity of, 403–

404, 417t, 426, 433
immune effector cells, 177. See 

also CAR T-cell immuno-
therapy

immune-mediated colitis, 
319–321, 321t, 322–323, 
323t, 324–326

immune-mediated diarrhea, 
313, 316

immune-related adverse 
events (irAEs), 149–177, 
177f, 463. See also specific 
adverse events

immune-related response, 
34–35

immune-related response cri-
teria, 34–35

immune response
acquired deficiencies in, 

145–146
phases of, 145
types of, 141–142, 142f, 142t

immune surveillance, 145
immune system, 141, 141f

cells of, 143–144, 143f
organs of, 143
proteins/receptors of, 144–

145
immunizations, pretreat-

ment, 196
immunoediting, 146
immunoglobulins (Igs), 142–

144
immunomodulators, 149, 

163t–165t, 181–182
cardiotoxicity of, 390t
endocrine toxicity of, 529t
hepatic toxicity of, 459t
neurotoxicity of, 558t
pulmonary toxicity of, 422t

immunosuppression, 31
immunotherapy, 30, 149

adverse effects of, 149, 177, 
177f, 178–179, 184–186, 
259–260 (See also specific 
effects/toxicities)

cardiotoxicity of, 387t–394t
categories of, 149–186
constipation with, 340t
cutaneous toxicity of, 513–

514, 514f
diarrhea with, 311f, 312–314
dose calculation for, 202–

205
endocrine toxicity of, 

528t–529t
genitourinary toxicity of, 

473t, 484–485
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hepatic toxicity of, 
458t–460t

hypersensitivity/CRS risk 
with, 262t

mucositis with, 330
nausea/vomiting with, 296
neurotoxicity of, 568
ocular toxicity of, 588t–590t
patient education on, 177, 

179, 181–182, 185–186
pulmonary toxicity of, 

419t–425t
routes of administration, 

206–227
safe handling of, 241
sexual dysfunction with, 489
and SMN risk, 601
uses for, 147
wallet card for patients, 187f

implanted intra-arterial 
pumps, 226–227

implanted ports, 212–213
independent dual verifica-

tion (double checks), 7, 
205–206

infection
colitis with, 319, 324–325
common sites for, 278
diarrhea from, 313
neutropenia with, 277–278
prevention of, 195
pulmonary toxicity with, 434
and SMN risk, 602

infertility, 494–496
inflammation theory, of can-

cer evolution, 25
inflammatory diarrhea, 312
infliximab

for colitis, 326
for diarrhea, 316

informed consent, 12, 14–15, 
199

for clinical trials, 53, 53f
elements of, 15, 53f
sample template, 625

infusion interoperability, 211
infusion pumps, 209–210
infusion reactions, 198, 251, 

261. See also anaphylaxis; 
cytokine release syndrome; 
hypersensitivity reactions

algorithm for, 267f
pathophysiology of, 261–264
patient education on, 268

Infusion Therapy Standards of 
Practice, 13

innate immunity, 141, 142f, 
142t

inotuzumab ozogamicin, 
172t, 460t

Institute for Safe Medication 
Practices (ISMP), 6

institutional review boards 
(IRBs), 53

insurance. See health insur-
ance

interferons (IFNs), 159t–160t, 
180–181, 262f

cardiotoxicity of, 388t
endocrine toxicity of, 529t
hepatic toxicity of, 459t
IFN alfa-1, pulmonary toxic-

ity of, 403
IFN alfa-2a, 435
IFN alfa-2b, 159t, 388t, 421t, 

529t, 588t
IFN alfa-2b pegylated, 160t, 

388t, 459t, 588t
IFN gamma, 160t, 388t, 588t
ocular toxicity of, 588t
pulmonary toxicity of, 403, 

421t, 435
interleukins (ILs), 161t, 180–

181, 262f, 290
cardiotoxicity of, 389t
genitourinary toxicity of, 473t
hepatic toxicity of, 459t
ocular toxicity of, 589t
pulmonary toxicity of, 403, 

421t
International Agency for 

Research on Cancer, carcin-
ogen identification by, 26

International Index of Erec-
tile Function, 492

International Staging Sys-
tem, 27

interpreters, in patient educa-
tion, 18

interstitial lung disease, 401–
402

assessment of, 427
follow-up after, 428–429
incidence of, 403
management of, 428
pathophysiology of, 402–403
risk factors for, 403, 426
signs/symptoms of, 426–427

interstitial pneumonia, 401, 
404

intra-arterial administration, 
225–227

intra-arterial ports, 226
intra-arterial pumps, 226–227
intramuscular administra-

tion, 208–209
intraperitoneal administra-

tion, 216–219
intrapleural administration, 

227
intrathecal administration, 

219–221
intraventricular administra-

tion, 221–223
intravesical administration, 

223–225
invasive fungal-induced coli-

tis, 320

investigational new drug 
(IND) application, 54

ipilimumab, 150t
colitis from, 321t, 324
diarrhea from, 313–314
hepatic toxicity of, 458t
neurotoxicity of, 557t
ocular toxicity of, 588t
pancreatitis from, 327
pulmonary toxicity of, 419t, 

433
irinotecan, 82t, 195

diarrhea from, 313, 316
dosing of, 204
hepatic toxicity of, 452t
as irritant, 259t, 260
pulmonary toxicity of, 404

irinotecan liposomal, 83t
iron, in RBC production, 286
irritation, from infusion ther-

apy, 258–261, 259t
ischemia, 555t, 564–565
itching, 510t
IV administration

of cancer treatments, 209–
216

equipment for, 210–211
nausea/vomiting with, 301, 

305
IV piggyback (IVPB), 209, 214
IV push method, 213–214
ixabepilone, 81t

cardiotoxicity of, 359
hepatic toxicity of, 451t
neurotoxicity of, 558t

ixazomib, 121t
hepatic toxicity of, 455t

J
Janus kinase-2 (JAK2) inhib-

itors, 104
Joint Commission, on ethics 

consultations, 12
jugular catheters, 212–213
justice, 13t

K
Karnofsky Performance Sta-

tus Scale, 36, 37t
ketoconazole, 93t, 97–98

L
laboratory values, pretreat-

ment review of, 200–201
Lactobacillus, for mucositis, 

335, 337t
lactulose, for constipation, 

341, 344t
Lansky Play-Performance 

Scale for Pediatric Patients, 
36, 37t

lapatinib, 121t
cardiotoxicity of, 380t
diarrhea from, 313
hepatic toxicity of, 455t

L-asparaginase. See aspara-
ginase

late effects. See also second 
malignant neoplasms

psychosocial effects of, 609
risks by primary cancer type, 

609–612
in survivorship, 599–613, 

603t
by system, 602–604, 603t

learning needs assessments, 
18–19

lecithinized superoxide dis-
mutase, for ILD, 428

left ventricular dysfunction, 
360–364

legal issues, 13–15
lenalidomide, 163t

cardiotoxicity of, 358–359, 
390t

endocrine toxicity of, 529t
genitourinary toxicity of, 

473t
hepatic toxicity of, 459t
neurotoxicity of, 558t
pulmonary toxicity of, 403–

404, 422t
lenvatinib, 122t

cardiotoxicity of, 380t
hepatic toxicity of, 456t

letrozole, 93t
leukocyte growth factor, 283t
leukoencephalopathy, 558–

559, 571–572
leuprolide, 94t, 96

endocrine toxicity of, 529t
pulmonary toxicity of, 426

LHRH agonists/antagonists, 
94t

libido, decrease in, 488, 490
lidocaine, for mucositis, 337t
lifestyle modifications, 32
life-sustaining measures, ethi-

cal questions of, 11–12
linens, safe handling of, 243
liver disease/dysfunction, 

194–195. See also hepatic 
toxicities

lomustine, 82t
hepatic toxicity of, 452t
pulmonary toxicity of, 404, 

412t
long-term effects. See late 

effects
loperamide, for diarrhea, 

316, 317t
lorazepam, for nausea/vomit-

ing, 301, 302t, 305
low-level laser therapy, for 

mucositis, 334, 336t
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low reticulocyte count, 287t
lubricant laxatives, 341, 345t
lumbar puncture, 219–221
lung cancer, SMN risk with, 

606t
luteinizing hormone (LH), 96
luteinizing hormone– 

releasing hormone 
(LHRH) antagonists/ago-
nists, 96–97

lymph nodes, 143
lymphocyte activation phase, 

of immune response, 145
lymphoid cells, 143
lymphoid organs, 141f, 143. 

See also immune system

M
macrocytic anemia, 287t
macrophages, 276t
major histocompatibility com-

plex (MHC), 145
malignant melanoma, stag-

ing of, 27
mammalian target of rapamy-

cin (mTOR) kinase inhibi-
tors, 104–105

endocrine toxicity of, 525–
530

mucositis from, 330
pulmonary toxicity of, 403, 

417t, 426, 433
mammograms, 612
mannitol, ocular toxicity of, 

591t
matrix metalloproteinases, 

147
MD Anderson Symptom 

Inventory, 45
mechanical ventilation, 430
mechlorethamine, 66t, 255t, 

585t
mediators of apoptosis Bcl-

2, 105
medication errors, 5–8

checklists to prevent, 7, 205, 
623–624

during drug shortages, 8
factors contributing to, 6
with intraperitoneal admin-

istration, 216–217
with intrathecal administra-

tion, 219–220
with IV treatments, 209–210
with oral therapies, 207
software for reduction of, 211
strategies to reduce, 6–7

medication history, 195–196
megakaryocytes, 273, 288–

289
megestrol acetate

for anorexia/cachexia, 308–
309

for fatigue, 544
melphalan, 66t, 259t, 260

cardiotoxicity of, 366t
genitourinary toxicity of, 

472t
hepatic toxicity of, 447t
mucositis from, 330
pulmonary toxicity of, 404, 

406t
membrane-bound recep-

tors, 145
memory B cells, 142, 144
memory phase, of immune 

response, 145
memory T cells, 143–144
meningitis, 555t, 565
Menopausal Sexual Interest 

Questionnaire, 491
mercaptopurine, 72t

hepatic toxicity of, 449t
pulmonary toxicity of, 404

mesna, for hemorrhagic cysti-
tis, 481–483

messenger RNA (mRNA), 25
metabolism, of drugs, 38
metamyelocytes, 274
metastasis, 25
methotrexate, 73t

cutaneous toxicity of, 501
genitourinary toxicity of, 

472t, 483–484
hepatic toxicity of, 449t
mucositis from, 330
ocular toxicity of, 586t
pulmonary toxicity of, 403–

404, 409t, 426, 432
methylcellulose, for constipa-

tion, 344t
methylnaltrexone, for consti-

pation, 341, 342t
methylprednisolone, for alve-

olar hemorrhage, 430
metoclopramide

for constipation, 344t
for nausea/vomiting, 303t, 

305
microcytic anemia, 287t
microenvironment changes

cancer evolution from, 26
immune suppression with, 

146
microRNAs, 25–26
midline catheters, 212
midostaurin, 122t, 527t
mineralocorticoid excess, 

97–98
mineral oil, for constipation, 

341, 345t
minibag, for IV administra-

tion, 209, 214
minors, informed consent 

by, 15. See also pediatric 
patients

minoxidil, for alopecia, 520

mitogen-activated protein 
(MAP), 103

mitomycin C, 76t, 256t
genitourinary toxicity of, 

472t
hepatic toxicity of, 450t
ocular toxicity of, 587t
pulmonary toxicity of, 402–

404, 410t, 435
total lifetime dose of, 428

mitosis, 62
mitotane, 80t, 92t, 99

endocrine toxicity of, 526t
ocular toxicity of, 587t

mitoxantrone, 76t, 256t
cardiotoxicity of, 372t
hepatic toxicity of, 450t
ocular toxicity of, 587t
pulmonary toxicity of, 404, 

410t
molecular testing, ethical 

issues with, 12
monitoring, of treatment 

adherence, 43–44
monoclonal antibod-

ies (mAbs), 144, 149, 
165t–175t, 182–185

cardiotoxicity of, 359, 
391t–394t

colitis with, 321–322, 321t
diarrhea with, 313
endocrine toxicity of, 529t
genitourinary toxicity of, 

473t
hepatic toxicity of, 

459t–460t
infusion reactions to, 261, 

262f
neurotoxicity of, 557t
occupational exposure to, 

236
ocular toxicity of, 589t–590t
pulmonary toxicity of, 

422t–425t
monocytes, 274, 276t
monotherapy, 31
moral distress, 11
Mosteller formula, for dose 

calculation, 202–203, 203f
MRK inhibitors, 103
mucosa-associated lymphoid 

tissue, 143
mucositis, 329

assessment of, 332–333, 
332t, 334f

clinical manifestations of, 
331

incidence of, 320
management/prevention of, 

333–335, 336t–337t
pathophysiology of, 329–330
patient education on, 335
phases of, 329–330
risk factors for, 330

signs/symptoms of, 332
mucous membranes

HD exposure through, 237, 
244

infection prevention for, 284
Mullan, Fitzhugh, 599
multidrug resistance, 38–40
multidrug resistance protein 

1 (MDR1), 38–39
Multinational Association of 

Supportive Care in Cancer 
(MASCC), 43

multiple kinase targets, 106
multiple myeloma

SMN risk with, 606t
staging of, 27

murine mAbs, 174t, 182, 182f, 
262f, 394t

mutations. See genetic muta-
tions/errors

myeloablative therapy, 31
myeloblasts, 274
myeloid cells, 143
myelopathy, 554t, 565
myelosuppression, 273–274
myocardial ischemia, 359–360

N
nabilone, for nausea/vomit-

ing, 302t
Nab-paclitaxel, 85t, 557t, 568
nadir, following cytotoxic 

therapy, 273
nail changes, 503t
naloxone, for constipation, 

341, 342t
nano/microbubble ther-

apy, 30
National Comprehensive Can-

cer Network
on CINV management, 

300–301, 305
on constipation manage-

ment, 341
Distress Thermometer, 198–

199, 626
infection prevention guide-

lines, 195
order templates/guidelines, 

6, 193, 622
on survivorship, 599, 613t

National Toxicology Pro-
gram, carcinogen identifi-
cation by, 26

natural killer (NK) cells, 144, 
276t

natural/native immunity. See 
innate immunity

nausea/vomiting
antineoplastic drugs caus-

ing, 297t–300t
assessment of, 296, 

297t–299t, 300t–301t
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definitions of, 293
IV hydration for, 218
management of, 195, 296–

306, 302t–304t
nonpharmacologic manage-

ment of, 306
pathophysiology of, 293–

294, 294f–295f
patient education on, 306
potential complications of, 

296
types of, 294–296

NCI Cancer Therapy Evalua-
tion Program, 45

necitumumab, 168t
needs assessment, in survivor-

ship care, 600
nelarabine, 73t

hepatic toxicity of, 449t
neurotoxicity of, 557t

neoadjuvant therapy, 30
neoantigens, 145
neoplastic lesions, hepatic, 

463
neratinib, 123t
netupitant, for nausea/vomit-

ing, 304t
neurokinin-1 antagonist. See 

NK1 receptor antagonist
neurologic toxicities, 553, 

554t–556t
chemotherapy-induced, 

559–568
cognitive impairment with, 

569–574, 570f
patient education on, 574–

575
radiation-induced, 553–559
risk factors/prophylaxis for, 

569
neutropenia, 273–276, 274t

colitis from, 319
infection with, 277–278
management of, 278–285
patient education for, 284
risk factors for, 277, 277f

neutropenic enterocolitis, 
319–320, 322–325

neutrophils, 143, 273–285, 
276t

new drug application (NDA), 
55

nilotinib, 123t
cardiotoxicity of, 381t
hepatic toxicity of, 456t
pulmonary toxicity of, 404, 

433
nilutamide, 93t, 97
90Y-ibritumomab, 175t
NIOSH List of Antineoplastic 

and Other Hazardous Drugs 
in Healthcare Settings, 236–
237

niraparib, 124t, 381t

nitrogen mustard, 61, 255t. 
See also mechlorethamine

cardiotoxicity of, 365t
ocular toxicity of, 585t

nitrosoureas, 82t, 87
endocrine toxicity of, 526t
hepatic toxicity of, 

451t–452t
ocular toxicity of, 587t
pulmonary toxicity of, 412t

nivolumab, 150t
colitis from, 321, 321t
diarrhea from, 314
hepatic toxicity of, 458t
pancreatitis from, 327
pulmonary toxicity of, 420t

NK1 receptor antagonist, for 
nausea/vomiting, 300–301, 
303t–304t

NKT cells, 144
non-DNA-binding vesicants, 

251–252
non-Hodgkin lymphoma 

(NHL), SMN risk with, 
606t, 610

nonmaleficence, 13t
nonmyeloablative therapy, 31
nonsteroidal 

anti-inflammatory drugs 
(NSAIDs), 196

nonsteroidal aromatase inhib-
itors, 98

normocytic anemia, 287t
Notch receptor pathway, 147
nurse practice acts, 13
nurse researchers, 54

O
obesity, dosing and, 204
obinutuzumab, 173t, 460t
objective response rate, 35
objective tumor response, 

32–33
occupational exposure

to carcinogens, 26, 235–237, 
236t

routes of, 127
octreotide

for diarrhea, 316, 317t
endocrine toxicity of, 529t
for mucositis, 335, 337t

ocular toxicities, 581, 
582t–583t

by anatomic site, 584t
assessment of, 584–593
clinical manifestations of, 

585t–593t
incidence/risk factors, 584
management of, 582t–583t, 

593
pathophysiology of, 581–584
patient education on, 593

ofatumumab, 168t, 460t

Office for Human Research 
Protections, 53

off-label drug use, 56
olanzapine, for nausea/vomit-

ing, 300–301, 302t, 305–306
olaparib, 124t
olaratumab, 168t
older adult patients, 197, 446
oligozoospermia, 495
omacetaxine, 81t, 526t
Ommaya reservoir, 221–223
Oncology Nursing Society 

(ONS)
on adverse event assess-

ment, 45
chemotherapy safety stan-

dards of, 3, 13, 202
on constipation manage-

ment, 341
on nursing scope/standards, 

3, 13
on palliative care, 32
on patient-reported out-

comes, 200
on professional education, 5

oncolytic viral therapies, 149, 
176t, 185–186

ondansetron, for nausea/
vomiting, 304t, 305

onycholysis, 503t
oocyte cryopreservation, 495
open lung biopsy, 427, 434
ophthalmic adverse events. 

See ocular toxicities
opioid agonists/opioid recep-

tor agonists, for constipa-
tion, 341, 342t

opioids, 12, 340t
oprelvekin (IL-11), 161t, 283t, 

290
cardiotoxicity of, 389t
pulmonary toxicity of, 421t, 

433
oral administration, of cancer 

treatments, 41–45, 206–
208, 300t

Oral Assessment Guide, 332–
333, 332t

oral cryotherapy, 333, 336t
oral hygiene, 331, 333, 335
Oral Toxicity Scale, 332–333
orchiectomy, for prostate can-

cer, 95
orders

standardized/preprinted, 
6, 193

template for, 622
written vs. verbal, 6

orthochromatic normoblasts, 
286

osimertinib, 125t, 381t
osmotic diarrhea, 312
osmotic laxatives, 341, 342t, 

344t

ototoxicity, 556t
outcomes research, 51
ovarian cancer

hormone therapy for, 95–96
SMN risk with, 607t

ovarian failure, premature, 
487, 489–490

overfill, in IV therapy, 209
oxaliplatin, 66t–67t, 259t, 260

genitourinary toxicity of, 
472t

hypersensitivity reactions 
to, 263t

neurotoxicity of, 557t, 567–
568

ocular toxicity of, 585t
pulmonary toxicity of, 402–

403, 406t, 426
oxycodone, for constipation, 

341, 342t
oxygen therapy, 428

P
paclitaxel, 84t–85t

cardiotoxicity of, 354, 359, 
374t

extravasation of, 251–252, 
257t

hepatic toxicity of, 452t
hypersensitivity reactions to, 

217, 263t
neurotoxicity of, 557t, 568
ocular toxicity of, 587t
pancreatitis from, 327
pulmonary toxicity of, 403, 

414t, 426
paclitaxel protein-bound par-

ticles, 85t, 252, 257t
pain

with mucositis, 335, 
336t–337t

undertreatment of, 12
palbociclib, 125t
palifermin, 156t, 334, 336t
palliation/palliative care, as 

treatment goal, 32
palmar-plantar erythrodyses-

thesia, 508t
palonosetron, for nausea/

vomiting, 300, 304t
pamidronate, genitourinary 

toxicity of, 473t
pancreatitis, 327–329
pancytopenia, 273
panitumumab, 169t

diarrhea from, 313
ocular toxicity of, 589t
pulmonary toxicity of, 402, 

404, 424t
panobinostat, 126t

cardiotoxicity of, 382t
hepatic toxicity of, 456t

papulopustular rash, 504t, 512f
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paraneoplastic diarrhea, 313
parenteral nutrition, 309
paronychia, 502t, 515f, 517t
paroxetine, 491
partial response (PR), 33–34
pathologic staging, 27
pathologic complete 

response, in breast can-
cer, 33

patient education, 17. See also 
specific conditions; specific 
therapies

adherence promoted by, 
42–45

barriers to, 17–19
documentation of, 20
methods/formats of, 19
outcomes of, 17
scope of information in, 

19–20
patient engagement model, of 

health teaching, 17
patient-oriented research, 51
patient outcomes, 35–36
Patient-Reported Oral Muco-

sitis Symptom (PROMS) 
Scale, 333, 334f

patient-reported outcomes 
(PRO), 200

of adverse events, 45
pazopanib

cardiotoxicity of, 382t
diarrhea from, 313
endocrine toxicity of, 527t
hepatic toxicity of, 456t
ocular toxicity of, 592t
pulmonary toxicity of, 417t

pazopinib, 127t, 357
PDE5 inhibitors, for ED, 492
pediatric patients, 15, 27, 197. 

See also childhood cancers
hepatic toxicities in, 445–

446
nausea/vomiting in, 301, 

305
PEG-asparaginase, pancreati-

tis from, 327
pegaspargase, 80t, 526t
pegfilgrastim, 156t–157t, 279, 

281t, 388t
pegylated G-CSF, 156t–157t
pembrolizumab, 150t

colitis from, 320–322, 321t, 
323–324

endocrine toxicity of, 528t
hepatic toxicity of, 458t
pancreatitis from, 327
pulmonary toxicity of, 420t

pemetrexed, 74t
cardiotoxicity of, 368t
genitourinary toxicity of, 

472t
hepatic toxicity of, 449t
ocular toxicity of, 586t

pulmonary toxicity of, 409t, 
432

penile prosthetic implants, 
493

pentostatin, 74t
cardiotoxicity of, 368t
genitourinary toxicity of, 

472t
hepatic toxicity of, 449t
ocular toxicity of, 586t

percutaneous subclavian cath-
eters, 212–213

performance status (WHO), 
35–36, 37t, 199

peripherally inserted central 
catheters, 212–213

peripheral neuropathy, 
557t–558t, 559–560, 566–
567

peripheral venous access, for 
drug administration, 211–
212

perirectal cellulitis, 337–338
permanent drug resistance, 

38
permeability glycoprotein 

(P-glycoprotein), 38
personal protective equip-

ment (PPE), 208, 211, 237–
238

pertuzumab, 173t
cardiotoxicity of, 393t
diarrhea from, 313
neurotoxicity of, 557t
ocular toxicity of, 590t
pulmonary toxicity of, 424t

Peyer’s patches, 143
pharmacogenomics, and che-

motherapy dosing, 204
pharmacokinetic resistance, 

36–38
pharmacokinetics, 36–38
phenotypic drug resistance, 

38
phosphodiesterase type 5 

(PDE5) inhibitors, for ED, 
492

phosphoinositide 3-kinase 
(PI3K), 103–104

photosensitivity, 509t
physical activity

for constipation, 341
for fatigue management, 

540–542
for left ventricular dysfunc-

tion, 364
in survivorship, 602, 612

physical examination, pre-
treatment, 200

pirfenidone, for ILD, 428
pituitary tumors, hormone 

therapy for, 96
plant alkaloids, 82t–86t, 87

cardiotoxicity of, 373t–374t

extravasation of, 257t
genitourinary toxicity of, 

473t
hepatic toxicity of, 452t
mucositis from, 330
neurotoxicity of, 557t
pulmonary toxicity of, 

413t–414t
sexual dysfunction from, 

489
plants/flowers, and neutrope-

nia risk, 279, 284
plasma cells, 142
plasticity model, of cancer 

evolution, 25
platelets, 276t
platinum agents

neurotoxicity of, 567–568
pulmonary toxicity of, 403

plerixafor, 162t, 282t
pleural effusions, 432–433
PLISSIT model, of sexual 

function communication, 
493

pluripotent stem cells, 273
point mutations, in TKI resis-

tance, 39
policies/procedures, develop-

ment of, 5, 246–247
poly(ADP-ribose) polymerase 

(PARP) inhibitors, 105
polychromatophilic erythro-

cyte phase, 286
polychromatophilic normo-

blasts, 285–286
polypharmacy, 197
pomalidomide, 164t

hepatic toxicity of, 459t
neurotoxicity of, 558t

ponatinib, 127t
cardiotoxicity of, 383t
hepatic toxicity of, 456t

Positron Emission Tomogra-
phy Response Criteria in 
Solid Tumors (PERCIST), 
34

positron-emission tomogra-
phy, 427

post–dural puncture head-
ache, 221

posterior reversible encepha-
lopathy syndrome, 554t

post-therapy/postneoadju-
vant therapy staging, 27

pralatrexate, 74t, 449t
prednisolone

for colitis, 326
for diarrhea, 316

pregabalin, 491
pregnancy status

and HD handling, 246
before treatment, 197–198

premetrexed, pulmonary tox-
icity of, 404

preparative therapy, for 
HSCT, 31, 435

pretreatment assessment, 
193–202

for intra-arterial administra-
tion, 225

for intraperitoneal adminis-
tration, 216

for intrapleural administra-
tion, 227

for intrathecal administra-
tion, 219

for intraventricular adminis-
tration, 221

for intravesical administra-
tion, 223–224

for IV administration, 209
for oral administration, 207
for SC/IM administration, 

208
prevention, as treatment 

goal, 32
prevention trial, 51t
primary cancer prevention, 

32
primary drug resistance, 38
principal investigator, in clini-

cal trial, 54
probiotics

for diarrhea, 318
for mucositis, 335, 337t

procarbazine, 80t
hepatic toxicity of, 451t
hypersensitivity reactions 

to, 263t
neurotoxicity of, 557t
ocular toxicity of, 587t
pulmonary toxicity of, 403–

404, 426
prochlorperazine, for nau-

sea/vomiting, 303t, 305
professional boundaries, 12
professional education, 3–5
progesterone receptor overex-

pression, 40
progestins, for anorexia/

cachexia, 308–309
programmable implanted 

intra-arterial pumps, 226–
227

programmed cell 
death-ligand 1 (PD-L1), 
41, 149, 151t, 320, 421t, 
458t–459t, 513–514, 528t, 
531

programmed cell death pro-
tein 1 (PD-1), 144, 149, 
150t, 320, 324, 326, 458t, 
513–514, 528t, 531

progression-free survival, 35
progressive disease, 33–35
progressive multifocal leu-

koencephalopathy (PML), 
555t, 561–562
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progressive muscle relax-
ation, 543

promegakaryocyte, 288
PROMIS SexFS assessment 

tool, 491
promyelocytes, 274
pronormoblast, 285
prostaglandin, for ED, 493
prostate cancer

hormone therapy for, 91–95, 
97

SMN risk with, 610
proteasome inhibitors, 105–

106, 260
protocol amendments, 53
protocols, for clinical trials, 

52–53, 52f
proton pump inhibitor, for 

nausea/vomiting, 301, 
305–306

proto-oncogenes, 25
pruritus, 510t, 517t
pseudoprogression, 559
psychosocial needs/assess-

ment
with cutaneous toxicities, 

516–518
during hormone therapy, 97
pretreatment, 198, 202
with sexual dysfunction, 

491, 495
psychostimulants, for fatigue 

management, 544
psyllium, for constipation, 

344t
pulmonary alveolar proteino-

sis/phospholipoproteino-
sis, 403, 433–434

pulmonary/capillary vasculi-
tis, 429

pulmonary edema, 402–403, 
426

pulmonary fibrosis, 402
pulmonary testing, pretreat-

ment, 202
pulmonary toxicities, 401, 

405t–425t. See also alve-
olar hemorrhage; APL 
treatment-related differen-
tiation syndrome; intersti-
tial lung disease; pleural 
effusion; pulmonary alveo-
lar proteinosis/phospholi-
poproteinosis; pulmonary 
VOD

pulmonary VOD, 434–435
pustular/papular rash, 504t, 

512f

Q
QT prolongation, 353–356
QT-prolonging medications, 

196

quality of life, as patient out-
come, 35

quality of life trial, 51t

R
radiation fibrosis syndrome, 

559–560
radiation monitoring devices, 

242
radiation necrosis, 559
radiation recall, 194
radiation therapy, 27–28

CNS toxicity of, 553–559
constipation from, 340t
diarrhea from, 310f, 314
mucositis from, 330–331
ocular toxicity of, 591t
peripheral nervous damage 

from, 559–560
pulmonary toxicity of, 403–

404
SMNs from, 601, 608–609

radioactive spill manage-
ment, 246

radioimmunotherapy (RIT), 
149, 175t, 183–184, 242–243

radionuclide therapy, 27
Rai staging system, 27
ramucirumab, 169t, 391t
rash, 504t, 512f–514f, 517t. See 

also cutaneous toxicities
receptor mutations, 40–41
red blood cells (RBCs), 276t, 

285–286
refractory nausea/vomit-

ing, 296
regorafenib, 128t

cardiotoxicity of, 384t
diarrhea from, 313
hepatic toxicity of, 457t
neurotoxicity of, 558t

regulation, of nursing prac-
tice, 3

regulatory T cells (Tregs), 
142–143

relative dose intensity, 31–32
relative drug resistance, 

36–38
relaxation techniques, 543
renal dysfunction, pulmonary 

toxicity with, 426
renal excretion, 38
renal failure, 195
reproductive alterations, 

494–496
resistance, 36–40
respirators, 238
response, to treatment, mea-

surement of, 32–33
Response Evaluation Criteria 

in Solid Tumors (RECIST) 
guidelines, 33–35

restaging, 27

retching, 293. See also nausea/
vomiting

reticulocytes, 286, 287t
retinoid, ocular toxicity of, 

589t
rHuKG-CSF, 156t
ribociclib, 128t

cardiotoxicity of, 384t
hepatic toxicity of, 457t

rituximab, 166t–167t
cardiotoxicity of, 391t–392t
CRS risk with, 265
neurotoxicity of, 557t
ocular toxicity of, 589t
for pulmonary therapy, 428, 

434
pulmonary toxicity of, 402–

403, 423t
in SC injection, 208

romidepsin, 80t, 129t
cardiotoxicity of, 384t

romiplostim, 129t
rubricyte, 285
rucaparib, 129t
ruxolitinib, 130t

S
safe handling of hazard-

ous drugs, 5–8, 235. See 
also hazardous drugs; spill 
management

during administration, 242
in body fluids, 242–243
checklist for, 627–628
during compounding, 240–

241
during disposal, 243
for intra-arterial administra-

tion, 226
for intraperitoneal adminis-

tration, 217
for intrathecal administra-

tion, 221
for intraventricular adminis-

tration, 222–223
for intravesical administra-

tion, 224
for IV administration, 211
for oral administration, 207
in patient home, 238–240, 

239f–240f, 243
policies for, 246–247
for radioimmunotherapy, 

242
for SC/IM administration, 

208–209
during transporting, 241–

242
sagopilone, neurotoxicity of, 

558t
sargramostim, 157t–158t, 279, 

282t
scalp cooling, 520

scope of practice, 3
screening, in survivorship, 

612
screening trial, 51t
secondary cancer preven-

tion, 32
secondary drug resistance, 38
second malignant neoplasms 

(SMNs)
incidence of, 600–601
pathophysiology of, 608
risk by primary cancer type, 

604t–607t, 609–612
risk factors for, 601–602
in survivorship, 604–609
types of, 608

secretory diarrhea, 312
seizures, 555t, 565–566
selective estrogen receptor 

downregulators, 94t, 98
selective estrogen receptor 

modulators (SERMs), 95t, 
98–99

selective serotonin reuptake 
inhibitors (SSRIs), inter-
action with tamoxifen, 38, 
491

selumetinib, neurotoxicity 
of, 558t

semustine, pulmonary toxic-
ity of, 404

senna, for constipation, 341, 
343t

septic shock, 278
serum biomarkers, 34
severity-weighted assessment 

tool, 33
sex therapy, 491
Sexual Activity Question-

naire, 491
sexual dysfunction, 487

assessment of, 490–494
clinical manifestations of, 

490
incidence of, 488
management of, 490–494
pathophysiology of, 487–488
patient/partner education 

on, 494
risk factors for, 488–490

shared decision making, 17, 
32

shift handoffs, communica-
tion during, 8, 210

shortages, of drugs, 8
side-arm technique, for IV 

push administration, 213–
214

simulation, for professional 
training, 5

sinusoidal obstruction syn-
drome (SOS), hepatic, 
462–463

sipuleucel-T, 162t, 390t



 Index 643

sirolimus, pulmonary toxic-
ity of, 403

skin. See also cutaneous tox-
icities

HD exposure through, 237, 
244

infection prevention for, 284
skin care, with diarrhea, 319
skin testing, for hypersensitiv-

ity, 265
sleep quality issues

and cognitive impairment, 
573

fatigue from, 543
in survivorship, 600

small molecule tyrosine 
kinase inhibitors, 144

cardiotoxicity of, 359, 
375t–387t

endocrine toxicity of, 
527t–528t

genitourinary toxicity of, 
473t

hepatic toxicity of, 
453t–458t

neurotoxicity of, 558t
ocular toxicity of, 591t–593t
pulmonary toxicity of, 

414t–419t
SMART syndrome, 556–558
sonidegib, 130t
sorafenib, 131t

cardiotoxicity of, 357, 359, 
384t

cutaneous toxicity of, 511
diarrhea from, 313
hepatic toxicity of, 457t
neurotoxicity of, 558t
pulmonary toxicity of, 402, 

418t
sorbitol, for constipation, 341, 

344t
Spanish-language cancer 

materials, 18
sperm cryopreservation, 496
spill management, of HDs, 

244–246, 244f–245f
spleen, 143
sponsors, of drug develop-

ment, 54
spontaneous transformation, 

in cancer evolution, 26
stable disease, 33–34
staging, of cancer, 26–27
standard infusion reactions, 

261. See also infusion reac-
tions

standards of practice, 3, 13
Statement on the Scope and Stan-

dards of Oncology Nursing 
Practice (ONS), 13

steatosis, 462
stem cell cancer evolution 

model, 25, 26f

stereotactic radiosurgery, 27
steroidal aromatase inhibi-

tors, 98
Stevens-Johnson syndrome, 

507t
stimulant laxatives, 341, 343t
stomatitis, 329–330. See also 

mucositis
streptozocin, 82t

endocrine toxicity of, 526t
hepatic toxicity of, 452t

stroke risk, 355–356, 358
study coordinator, in clinical 

trial, 54
subcutaneous administra-

tion, of cancer treatments, 
208–209

subinvestigator, in clinical 
trial, 54

substance abuse, 194
sucralfate, for mucositis, 335, 

337t
sulfasalazine, for mucosi-

tis, 335
sunitinib, 131t

cardiotoxicity of, 385t
cutaneous toxicity of, 511
diarrhea from, 313
endocrine toxicity of, 528t
genitourinary toxicity of, 

473t
hepatic toxicity of, 457t
hypertension from, 357
neurotoxicity of, 558t
ocular toxicity of, 592t
pulmonary toxicity of, 418t, 

433
supplements. See complemen-

tary and alternative med-
icine

suppressor T cells. See regula-
tory T cells

surgery, 27, 314, 340t
survival data, 35
survivorship, 599
survivorship care, 599–600. 

See also late effects
elements of, 600
models of, 600
patient education on, 612
professional education on, 

612–613, 613t
resources on, 613t

survivorship care plan (SCP), 
600

symptom assessment, 35, 200
syndrome of inappropri-

ate antidiuretic hormone 
(SIADH), 475–476

T
tacrolimus

endocrine toxicity of, 529t

genitourinary toxicity of, 
474t

ocular toxicity of, 591t
pulmonary toxicity of, 403

talimogene laherparepvec, 
176t, 185–186

tamoxifen, 95t
interaction with SSRIs, 38, 

491
pulmonary toxicity of, 402–

403
ocular toxicity of, 588t
VTE from, 358

targeted radionuclide ther-
apy, 183–184

targeted therapies, 30, 40–41, 
103–106

adverse effects of, 106, 106f, 
107t–137t, 260 (See also 
specific effects/toxicities)

cardiotoxicity of, 375t–387t
constipation with, 340t
diarrhea with, 311f, 312–314
dose calculation for, 202–

205
drug-drug interactions in, 

106
endocrine toxicity of, 

527t–528t
ethical issues with, 12
genitourinary toxicity of, 473t
hepatic toxicity of, 

453t–458t
mucositis with, 330
nausea/vomiting with, 296
neurotoxicity of, 557t–558t, 

568–569
ocular toxicity of, 591t–593t
pancreatitis with, 327
pulmonary toxicity of, 

414t–419t
routes of administration, 

206–227
sexual dysfunction with, 489
stomatitis with, 330

taxanes, 84t–85t, 88
cardiotoxicity of, 359, 

373t–374t
cutaneous toxicity of, 501
extravasation of, 251–252, 

257t
genitourinary toxicity of, 

473t
hepatic toxicity of, 452t
neurotoxicity of, 557t, 568
ocular toxicity of, 587t
pulmonary toxicity of, 403, 

413t–414t
Tbo-filgrastim, 159t, 282t
T cells, 142–143
teach-back techniques, 18–19, 

199
telangiectasia, 506t
temozolomide, 67t

hepatic toxicity of, 447t
pulmonary toxicity of, 403–

404, 407t
temporary drug resistance, 

36–38
temporary percutaneous 

catheters, 226
temsirolimus, 132t

cardiotoxicity of, 385t
endocrine toxicity of, 528t
hepatic toxicity of, 457t
pulmonary toxicity of, 404, 

418t, 426, 433
teniposide, 83t
tertiary cancer prevention, 32
testicular cancer, SMN risk 

with, 607t, 610
thalidomide, 164t–165t

cardiotoxicity of, 354, 358, 
390t

hepatic toxicity of, 460t
neurotoxicity of, 558t, 568
pulmonary toxicity of, 403–

404, 422t, 426
thiazide diuretics, 357
thioguanine, 74t, 449t
thiotepa, 67t
thrombocyte, 288
thrombocytopenia, 273, 274t, 

288–290
thromboembolism, 555t, 564
thrombopoiesis, 288–289
thrombopoietic growth fac-

tor, 283t
thrombopoietin receptor ago-

nists, 106
thymus, 143
thyroid cancer, hormone 

therapy for, 96
thyroiditis, 530
thyrotropin-releasing hor-

mone, 544
time to progression, 35
time to treatment failure, 35
tincture of opium, for diar-

rhea, 316
tipiracil, 71t
tisagenlecleucel, 153t, 178, 

264
tissue mast cells, 276t
tissue necrosis, 253. See also 

extravasation
T lymphocytes, 276t
tobacco use, 331, 364, 404, 

428, 602, 612
tocilizumab, 179
tofacitinib, 133t
tonsils, 143
topotecan, 83t

cutaneous toxicity of, 501
pulmonary toxicity of, 410t

torsades de pointes, 353
toxic epidermal necrolysis, 

507t
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toxic erythema of chemother-
apy (TEC), 501–511. See also 
cutaneous toxicities

toxicity grading, 45, 46t, 200. 
See also adverse events

TP53 gene, 25, 40
trabectedin, 68t, 255t

cardiotoxicity of, 366t
hepatic toxicity of, 448t

trametinib, 133t
cardiotoxicity of, 385t
diarrhea from, 313
endocrine toxicity of, 528t
hepatic toxicity of, 457t
ocular toxicity of, 593t

transaminitis, 97–98
transcription errors, of DNA, 

25
transient erythema, 509t
translators, 18
transudative effusion, 432
trastuzumab, 173t

cardiotoxicity of, 361–363, 
393t

diarrhea from, 313
ocular toxicity of, 590t
pulmonary toxicity of, 403–

404, 425t
treatment approaches, 30–31
treatment goals, 32, 193
treatment modalities, 27–30, 

28t–29t
treatment planning, 32, 193
treatment response, 32–33, 

36–41
treatment strategies, 31–32
treatment trial, 51t
Tregs. See regulatory T cells
tretinoin, 79t
trichomegaly, 502t, 515f
trifluridine, 71t
triple-negative breast can-

cer, 40
triptorelin, 94t
tumor assessment, 35
tumor burden, 36
tumor escape mechanisms, 

145–146
tumor grading, 27
tumor heterogeneity, 38
tumor kinetics, 61
tumor lysis syndrome, 476–477
tumor markers, 34
tumor microenvironment, 

146
tumor-node-metastasis stag-

ing system, 27

tumor response, 32–33
tumor suppressor genes, 25
tumor suppressor protein 

p53, 40
tumor treatment fields, 30
tunneled catheters, 212–213
typhlitis, 319
tyrosine kinase inhibi-

tors (TKIs), 30, 39, 103, 
104f–105f, 144

cardiotoxicity of, 358–359, 
361–362, 375t–387t

cutaneous toxicity of, 511–
512

diarrhea from, 313
mucositis from, 330
pulmonary toxicity of, 402, 

417t, 426, 433
tyrosine kinases, 103, 104f
tyrosine kinase signaling 

pathway
angiogenesis and, 147
mutations in, 40–41

U
ubiquitin-proteasome path-

way, 105–106
ultrasound-guided periph-

eral catheter insertion, 
211–212

unconjugated mAbs, 182
underinsured patients, 11
underweight patients, dosing 

and, 204–205
undocumented individu-

als, 11
urticaria, 509t
uterine cancer, hormone 

therapy for, 95

V
vaccination, pretreatment, 

196
vacuum erection devices, 

492–493
vaginal dilators, 492
vaginal dryness, 490
vaginal stenosis, 488
valrubicin, 78t, 526t
vandetanib, 134t

cardiotoxicity of, 357, 386t
diarrhea from, 313
endocrine toxicity of, 528t
hepatic toxicity of, 458t
ocular toxicity of, 593t

vascular endothelial growth 
factor (VEGF) inhibitors, 
106, 356

vascular endothelial growth 
factor receptor (VEGFR), 
103, 105f

vemurafenib, 135t
cardiotoxicity of, 386
diarrhea from, 313
hepatic toxicity of, 458t
neurotoxicity of, 558t
ocular toxicity of, 593t

venetoclax, 135t–136t
venipuncture, 211–212
venlafaxine, 491
veno-occlusive disease (VOD)

hepatic, 462–463
pulmonary, 434–435

venous thromboembolism 
(VTE), 358

ventricular arrhythmias, 353
ventricular reservoirs, 221–

223
veracity, 13t
verification, 7, 205–206, 220–

221
vesicants, 251–258, 255t–257t. 

See also extravasation
vinblastine, 85t, 257t

cardiotoxicity of, 374t
neurotoxicity of, 557t
ocular toxicity of, 588t
pulmonary toxicity of, 404

vinca alkaloids, 85t–86t, 88
cardiotoxicity of, 374t
cutaneous toxicity of, 501
genitourinary toxicity of, 

473t
hepatic toxicity of, 452t
neurotoxicity of, 557t, 567–

568
ocular toxicity of, 588t
pulmonary toxicity of, 403, 

414t
safety considerations with, 

209, 220–221
vincristine, 86t, 220–221, 257t

cardiotoxicity of, 374t
genitourinary toxicity of, 

473t
hepatic toxicity of, 452t
neurotoxicity of, 557t
ocular toxicity of, 588t

vincristine liposomal, 86t, 
452t, 473t

vindesine, pulmonary toxic-
ity of, 404

vinorelbine, 86t, 259–260, 
259t

cardiotoxicity of, 374t
neurotoxicity of, 557t
pancreatitis from, 327
pulmonary toxicity of, 403, 

414t
viruses, cancer evolution 

from, 26
vismodegib, 136t
vital signs, pretreatment 

assessment of, 199
vitiligo, 509t
vomiting, 293. See also nau-

sea/vomiting
vomiting center (VC), 293–

294, 294f. See also nausea/
vomiting

vorinostat, 81t, 87, 136t
cardiotoxicity of, 358, 386t
endocrine toxicity of, 526t, 

528t

W
weight-based dosing, 202, 

204–205
weight monitoring/manage-

ment, 199
after left ventricular dys-

function, 364
in survivorship, 612

white blood cells (WBCs)
high count of, 430–431
nadir of, 276

whole lung lavage, 434
Wold Health Organization per-

formance status score, 35
World Health Organization 

Tumor Response Criteria, 
32–33

X
xerosis, 505t, 517t

Z
zinc supplements, for mucosi-

tis, 334–335, 337t
ziv-aflibercept, 137t

cardiotoxicity of, 387t
diarrhea from, 313

zoledronic acid, genitouri-
nary toxicity of, 473t

Zubrod performance status 
score, 35
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Get the Essential Information on  
the Latest Anticancer Therapies  
From the Source You Trust!

The Oncology Nursing Society has been your go-to 
resource for evidence-based guidelines and education 
on chemotherapy administration and side effect manage-
ment. This completely revised and updated text expands 
the foundational information you rely upon for your prac-
tice to include the latest advances related to nursing care 
of patients receiving antineoplastic therapies. Chemother-
apy and Immunotherapy Guidelines and Recommenda-
tions for Practice features 26 chapters examining multiple 
categories of cancer-care agents, including chemotherapy, 
immunotherapy, molecularly targeted agents, and hormone 
therapy. Chapters detail the pathophysiology and man-
agement of toxicities related to antineoplastic treatment, 
with evidence-based guidelines to direct nursing practice. 
Information on the unique side effects of immunotherapy 
agents and their management gives nurses knowledge to 
expertly recognize and manage these serious and poten-
tially life-threatening toxicities. Safe administration of cancer 
therapies, including a chapter on prevention and manage-
ment of infusion-related reactions, is included, with current 
evidence-based strategies. Comprehensive drug tables in 
each chapter guide nurses during administration of antineo-
plastic therapy and supportive care medications, and new 
and updated figures, tables, and algorithms provide quick 
access to content.

This new book also features content on professional 
considerations such as scope and standards of practice, 
professional education, policies and procedures, antineo-
plastic medication safety, ethical and legal issues, and 
patient education. Adhering to national, state, and institu-
tional standards is a fundamental responsibility of all nurses. 
These guidelines explain and reference standards that 
oncology nurses should be aware of and follow. This book is 
an essential resource to enhance your care of patients with 
cancer.
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