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We dedicate this book to our patients, for allowing us the honor 
of providing them care and for driving us to find ways to make 
life after breast cancer as best as it can be. Our heartfelt thanks 
go to our colleagues, collaborators, mentors, and students for 
stimulating our continuous curiosity and desire to educate and 
to our families and loved ones for their unwavering support.
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The contents of this book are primarily based on research that includes 
patients of female sex who are cisgender (i.e., people whose gender identity 
matches their sex assigned at birth) but may also include patients who belong 
to a gender minority group (e.g., patients who identify as gender fluid, non-
binary, or transgender) who are not taking hormones. Although patients 
belonging to this latter group may often have medical needs consistent with 
that described within this textbook, patients who identify as trans and are opt-
ing into medical gender-affirming care may have separate and important 
needs beyond what is covered herein. For recommendations on providing 
gender-inclusive care, several resources are available including the ASCO 
position statement on reducing cancer health disparities among sexual and 
gender minority populations. (Griggs J, Maingi S, Blinder V, et al: American 
Society of Clinical Oncology Position Statement: Strategies for reducing 
cancer health disparities among sexual and gender minority populations. J 
Clin Oncol 35:2203–2208, 2017.)
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From the Editors:
With improvements in screening and treatment for breast cancer, more 

patients than ever before are cured after local definitive and systemic thera-
pies. In fact, because of the great number of survivors, those who have spe-
cialized in treating breast cancer find themselves under administrative 
pressure to “discharge” survivors from their practice in order to care for 
women with new diagnoses. It has become absolutely necessary to share care 
of survivors among providers, which requires that primary care providers and 
specialists become familiar with the issues that are faced by breast cancer 
survivors. Medicine is, however, becoming more and more subspecialized, 
which subsequently increases care fragmentation. As a result of this progres-
sive entropy of medical care, close collaboration between medical subspe-
cialties becomes essential to providing effective health care. In addition, 
concise resources are needed to guide providers in approaching issues faced 
by breast cancer survivors.

The goal for composing this textbook was to provide a clinically useful 
resource containing knowledge about how to evaluate and manage symptoms 
and issues that cause burden in those who have been diagnosed and treated 
for breast cancer. The book has been edited by two oncologists, each with 
over two decades of experience treating breast cancer and taking care of sur-
vivors, and one clinical psychologist, who is specifically trained in both 
psycho-oncology and sex therapy, with the purpose of integrating the two 
specialties within each chapter to provide comprehensive evaluation and 
management recommendations.

As much as possible, each chapter is coauthored by at least one oncologist 
and one specialist outside the field of oncology, in order to include the per-
spective of relevant disciplines and make the text comprehensive, user-
friendly, and clinically applicable. We also asked that, where appropriate, 
authors provide: (1) a reasonable approach to evaluating each issue, including 
a list of baseline evaluations especially to rule out other, non-cancer, causes 
that are potentially treatable and (2) an algorithmic approach to management. 
We believe that this is the first textbook to provide a single resource for com-
mon issues faced by breast cancer survivors from a truly multidisciplinary 
standpoint.

We hope that you find this text engaging and informative and that it is use-
ful for improving the overall health and quality of survival in patients who 
survive after diagnosis and treatment for breast cancer. Perhaps by using this 
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text, non-cancer specialists and practitioners who care for breast cancer sur-
vivors will feel empowered to address these common issues that impact 
patient quality of life.

Durham, NC, USA� Gretchen G. Kimmick, MD
Durham, NC, USA � Rebecca A. Shelby, PhD
Durham, NC, USA � Linda M. Sutton, MD  
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PCS	 Pain Catastrophizing Scale
PCT	 Porphyria cutanea tarda or Post-coital test
PD	 Panic disorder
PDD	 Persistent depressive disorder
PDL	 Pegylated liposomal doxorubicin
PET	 Positron emission tomography
PFS	 Piper Fatigue Scale or Progression-free survival
PHL	 Pattern hair loss
PHQ	 Patient health questionnaire
PLISSIT	 Permission, Limited Information, Specific Suggestions, and 

Intensive Therapy
PLMD	 Periodic limb movement disorder
PMPS	 Post-mastectomy pain syndrome
POEMS	 Prevention of Early Menopause Study
POMS-F	 Profile of Mood Sates-Fatigue Subscale
PPMP	 Persistent post-mastectomy pain
PR	 Progesterone receptor
PREDICOP	 Prevention of Breast Cancer Recurrence Through Weight 

Control, Diet, and Physical Activity Intervention study
PRO	 Patient reported outcome
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PROMIS	 Patient Reported Outcomes Measurement Information 
System

PRP	 Platelet-rich plasma or Pityriasis rubra pilaris
PSEQ	 Pain Self-Efficacy Questionnaire
PT	 Physical therapy
PTH	 Parathyroid hormone
PVC	 Polyvinyl chloride or Premature ventricular contraction
QHS	 Every night at bedtime
QLQ-CIPN20	 Quality of Life Questionnaire-Chemotherapy-Induced 

Peripheral Neuropathy
QOL	 Quality of life
QT	 Start of Q-wave to end of T-wave
RA	 Rheumatoid arthritis
RANKL	 Receptor activator of nuclear factor kappa-beta ligand
RBC	 Red blood cell
RCT	 Randomized controlled trial
RD	 Registered dietitians
REM	 Rapid-eye-movement
REMS	 Risk evaluation and mitigation strategy
RF	 Rheumatoid factor
RFP	 Renal function panel
RNA	 Ribonucleic acid
ROS	 Reactive oxygen species
RR	 Risk ratio
RRB	 Risk reducing behaviors
RT	 Radiotherapy
SCFS	 Schwartz Cancer Fatigue Scale
SCISD	 Structured Clinical Interview for Sleep Disorders
SCLE	 Subacute cutaneous lupus erythematosus
SD	 Standard deviation
SEER	 Surveillance, Epidemiology, and End Results
SERM	 Selective estrogen receptor modulator
SGLT	 Sodium-glucose linked transporter
SIADH	 Syndrome of inappropriate antidiuretic hormone
SLN	 Sentinel lymph node
SLNB	 Sentinel lymph node biopsy
SNFSHC	 Scientific Network on Female Sexual Health and Cancer
SPEP	 Serum protein electrophoresis
SSRI	 Selective serotonin reuptake inhibitor
STEP	 Sleep Training Education Program
STOP-BANG	 Snoring, Tiredness, Observed apnea, high blood Pressure - 

Body Mass Index, Age, Neck circumference, and gender
STS	 Stewart-Treves syndrome
SWAN	 Study of Women Across the Nation
SWOG	 Southwest Oncology Group
TAT	 Total adipose tissue
TBI	 Total body irradiation
TBS	 Trabecular bone scores
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TCA	 Tricyclic antidepressants
TENS	 Transcutaneous electrical nerve stimulation
TID	 Three times daily
TMT	 Trail Making Test
TNBC	 Triple-negative breast cancer
TNF	 Tumor necrosis factor
TNS	 Total neuropathy score
TRAM	 Transverse rectus abdominal muscle
TSH	 Thyroid-stimulating hormore
TTG	 Tissue transglutaminase
UCV	 Uncertain variant
UI	 International unit
UPBEAT	 Understanding and Predicting Breast Cancer Events After 

Treatment study
UPEP	 Urine protein electrophoresis
USDA	 US Department of Agriculture
UV	 Uncertain variant
VAS	 Visual analog score
VBM	 Voxel-based morphometry or Vascular basement membrane 

or Value-based medicine
VDR	 Vitamin D receptor
VFA	 Vertebral fracture assessment
VLNT	 Vascularized lymph node transplant
VTE	 Venous thromboembolism
VUS	 Variant of uncertain significance
WCRF	 World Cancer Research Fund
WHI	 Women’s Health Initiative study
WHO	 World Health Organization
WOMAC	 Western Ontario and McMaster Universities Osteoarthritis 

Index
WVE	 Women’s Voices for the Earth study
XRT	 Radiation therapy
YOCAS	 Yoga for Cancer Survivors study
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for Care of Breast Cancer Survivors
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�Cancer Survivorship

Cancer survivorship, as a concept developed in 
response to the unique needs and challenges of 
the growing number of patients surviving for 
years following their initial cancer diagnosis, is 
particularly important for breast cancer. Breast 
cancer is the most commonly diagnosed can-
cer in women in the United States [1] and the 
world [2] with a projection that there will be 
nearly five million breast cancer survivors in the 
United States alone by 2030 [3]. The concept 
of care specifically focused on cancer survivors 
has been evolving steadily for 35  years since 
Dr. Fitzhugh Mullan, a physician coping with 
cancer, first described the survivorship experi-
ence as “not one condition but many.” [4] The 
National Cancer Institute (NCI) [5] defines sur-
vivorship as the experience living with, through, 
and beyond the diagnosis of cancer. The NCI 
emphasizes that survivorship focuses not only 

on the health but also the holistic well-being of 
individuals with cancer – as well as their fam-
ily, caregivers, and friends, from diagnosis until 
the end of life. Through survivorship, a broad 
range of issues related to follow-up care, late 
effects of treatment, cancer recurrence, sec-
ond cancers, and quality of life are addressed. 
Driven especially by the Institute of Medicine’s 
(IOM) report “From Cancer Patient to Cancer 
Survivor: Lost in Transition” in 2006 [6], survi-
vorship care has taken on a particular urgency in 
the face of the rapidly rising number of cancer 
survivors [7]. The focus of clinical care during 
survivorship has expanded from attention to sur-
veillance for cancer recurrence to wide-ranging 
clinical issues including fatigue, anxiety, depres-
sion, cognitive impairment, cardiac toxicity, 
lymphedema, hormone-related symptoms, bone 
health, genetic risk assessment, sexual dysfunc-
tion, infertility, and healthy lifestyle choices 
with regard to diet and exercise. While the 
“common sense” appeal of providing survivor-
ship care remains strong, some elements of the 
IOM report, particularly the recommendation 
for Survivorship Care Plans (SCPs), have been 
controversial due to lack of consistent evidence 
for their benefit [8–10]. It is therefore vital to 
get the best answers to the key questions that 
accompany improved long-term survival includ-
ing what are the best evidence-based guidelines 
for breast cancer survivorship care [11].
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�Clinical Practice Guidelines

Clinical practice guidelines are statements that 
formulate specific recommendations intended to 
optimize patient care. Formal guidelines are 
informed by a systematic review of relevant evi-
dence supporting an assessment of the benefits 
and harms of alternative options for clinical care 
[12]. It is generally agreed, in the United States 
[12] and internationally [13–15], that the devel-
opment of high-quality, trustworthy clinical prac-
tice guidelines do all of the following:

	1.	 Utilize a systematic review of existing 
evidence

	2.	 Establish transparency and disclose the meth-
ods used for all development steps

	3.	 Involve a multidisciplinary development 
group, including patients

	4.	 Disclose and manage both financial and non-
financial conflicts of interest

	5.	 Have clear and direct guideline 
recommendations

	6.	 Utilize a specific grading system to rate the 
strength of evidence and recommendations

	7.	 Be subject to external review
	8.	 Be updated on a regular basis [16]

While it is usually accepted in the dynamic 
world of oncology that clinical guidelines sup-
port optimal health care or patients [17], there 
are many barriers to implementing clinical 
guidelines into practice. These barriers include 
simple lack of awareness that a guideline exists, 
or knowledge regarding the specific recommen-
dations within the guideline; absence of consen-
sus between health-care providers on the specific 
recommendations, particularly when produced 
by one specialty society, government agency, or 
insurance company; organizational and resource 
constraints; clinician inertia; patient factors; and 
the format, language, and usability of the guide-
line itself [18, 19]. Overcoming the challenges 
associated with promoting systematic uptake of 
research findings and high-quality clinical prac-
tice guidelines requires well-coordinated efforts 
in clinical epidemiology, implementation sci-
ence [20], and systems engineering [21]. 

Resource constraints are a particular barrier to 
guideline implementation for breast cancer in 
low- and middle-income countries (LMICs) and 
regions. Internet-based document repositories 
such as the United States’ former Guidelines 
Clearinghouse [22] and international efforts 
such as the Guidelines International Network 
[23] help motivate guideline developers to 
adhere to quality standards, but it is difficult to 
measure the impact these archives have on deliv-
ering better health care across the globe, espe-
cially for as heterogeneous an area as breast 
cancer survivorship care.

�Topics of Note in Breast Cancer 
Survivorship Guidelines

Table 1.1 provides an overview of breast cancer 
survivorship guidelines [24–34]. Guidelines 
commonly cover the following topics: (1) sur-
veillance for recurrence, (2) after effects of treat-
ment, and (3) health promotion.

Several of the chapters in this book will pro-
vide additional detail and guidance on the genetic 
evaluation (Chap. 20) and breast imaging surveil-
lance of patients following breast cancer (Chap. 
2). It is important to note that routine imaging for 
recurrent regional or metastatic disease, in the 
absence of suspicious signs or symptoms, is not 
indicated in breast cancer survivors. Several stud-
ies and subsequent meta-analysis have failed to 
demonstrate any survival benefit for routine sur-
veillance imaging beyond mammography in 

Recommendations for Survivorship Visits
•	 Family history/genetic evaluation
•	 Adjuvant/risk-reducing strategies
•	 Clinical evaluations with history and 

physical examinations
•	 Breast health awareness
•	 Laboratory testing driven by signs/

symptoms
•	 Breast and bone health imaging

J. Klotz et al.
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breast cancer survivors [35]. Estimates suggest 
that 96% of locoregional recurrences are detected 
by the patient (42%), the clinician on examination 
(30%), or mammographically (25%) [36]. In 
contrast to regional or distance surveillance 
imaging, many guidelines endorse the use evalu-
ations of the remaining breast tissue for cancer 
development. Based on robust data, ASCO, 
NCCN, and ESMO guidelines support the rou-
tine use of clinical examinations (history and 
physical examinations) and mammography for 
women surviving Stage 0-III Breast Cancer. A 
subset of women at significantly increased risk of 
developing breast cancer, such as those survivors 
with genetic predispositions or other factors that 
provide >20% risk of developing breast cancer, 
may also benefit from annual breast MRI as an 
adjunct to mammography [37, 38].

Monitoring for complications and long-term 
side effects after the initial diagnosis and treat-
ment of breast cancer is part of routine follow-up 
care. Assessment and management of issues 
unique to breast cancer survivors are covered in 
other chapters in this book, as are recommenda-
tions regarding health promotion.

�United States Breast Cancer 
Survivorship Guidelines

Although the United States did not have a dedi-
cated Breast Cancer Survivorship guideline until 
the publishing of the American Cancer Society/
American Society of Clinical Oncology (ACS/
ASCO) Guideline in December 2015 [39], prior 
guidelines related to breast cancer care focused 
on important aspects of the modern concept of 
survivorship [40–42]. Additionally, several 
ASCO guidelines and endorsements have focused 
on important aspects of breast cancer care that 
impact survivorship including the role of bisphos-
phonates [43], integrative therapies [44], and 
extended adjuvant endocrine therapy [45]. As 
survivorship recommendations have broadened 
from surveillance for breast cancer recurrence to 
more diverse topics including body image con-
cerns, cardiotoxicity, cognitive impairment, dis-
tress, depression, and anxiety, the evidence basis 
for these recommendations remains limited with 
only 16% of the guideline citations coming from 
randomized trials and only 2% supported by level 
I evidence (meta-analysis of RCTs) [46] (See 
Fig. 1.1).

The National Comprehensive Cancer Network 
(NCCN) has a comprehensive Breast Cancer 
guideline [47] that contains recommendations 
related to breast cancer surveillance and follow-
up after initial diagnosis and treatment, but survi-
vorship care is addressed more explicitly in its 
Survivorship guideline [48]. The NCCN 
Survivorship guideline focuses on several highly 

After Effects of Breast Cancer Treatment
•	 Lymphedema
•	 Cardiotoxicity
•	 Body image
•	 Fertility
•	 Sexual health
•	 Cognitive impairment
•	 Fatigue
•	 Bone health
•	 Psychosocial issues

–– Distress
–– Depression
–– Anxiety
–– Fear

•	 Financial/employment issues
•	 Interpersonal/relationship issues

Health Promotion

•	 Physical activity
•	 Nutrition
•	 Weight management
•	 Smoking cessation
•	 Lifestyle behaviors
•	 Alcohol use

1  Overview of the National and International Guidelines for Care of Breast Cancer Survivors
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relevant clinical areas for breast cancer survivors 
including physical activity, nutrition, 
anthracyclines-induced cardiac toxicity, lymph-
edema, hormone-related symptoms, and sexual 
function concerns. Both the ASCO/ACS and 
NCCN guidelines emphasize the need for coordi-
nated care between oncologists and primary care 
physicians along with thresholds for subspecialty 
referrals. As initially conceived, SCPs were 
intended to provide a tool to clarify the details of 
a patient’s treatment and its aftermath, thereby 
improving communication between oncologists, 
other members of the health-care team, and 
patients themselves. Despite their uncertain ben-
efits [49–51], SCPs continue to be recommended 
for all patients as part of the ASCO/ACS and 
NCCN guidelines. However, the mandate for 
SCPs driven by accreditation bodies may be wan-
ing. The 2020 Commission on Cancer (CoC) 
Standards [52] removed the requirement for 
SCPs for the majority of patients.

Inequities in access to care translates into 
widely variable breast cancer survivorship experi-
ence across the United States. At many compre-
hensive cancer centers in the United States, efforts 
are extended to prioritize, fund, and research 
innovations in survivorship care. Some organiza-
tions network with surrounding community can-
cer centers [53] to disseminate best practices. 
Nonetheless, the survivorship care experience in 
rural areas is more likely to be fragmented due to 
limited oncology provider access, fewer ancillary 
survivorship providers (e.g., physical therapists 

with specialized training in lymphedema treat-
ment, behavioral health specialists, or cardiolo-
gists with interest in cardio-oncology), and 
financial barriers [54]. Additionally, the US survi-
vorship experience is influenced by individual 
patient perceptions and the culturally specific 
context of the survivor [55, 56].

�International Breast Cancer 
Survivorship Guidelines

Despite significant differences in 5-year relative 
survival rates for breast cancer between high-
income countries (80–90%) and low-income 
countries (40% or less), usually attributed to 
limited early detection, lack of access to treat-
ment, and social and cultural barriers [57], the 
number of breast cancer survivors is increasing 
throughout the world [58]. This improved sur-
vival has led to an increased global recognition 
for the need to provide breast cancer survivor-
ship care and an increase in the development of 
international guidelines [59–61]. The European 
Society of Medical Oncology (ESMO) and other 
high-income countries’ guidelines include sur-
vivorship recommendations with the guidelines 
for breast cancer treatment and are less explicit 
about breast cancer survivorship itself. Whereas 
the long-term physical and psychological con-
sequences of breast cancer diagnosis and treat-
ment are acknowledged in the ASCO/ACS and 
NCCN guidelines for cancer survivorship [59], 

Randomized Study(16%)

Non-randomized; Non-controlled Study (5%)
Other (7%)

Guideline
(13%)

Review
(37%)

Citation Sources

Non-randomized Controlled Study (22%)

Fig. 1.1  Weight of 
citation. (Sources: ACS/
ASCO Breast Cancer 
Survivorship Care 
Guideline 2016; adapted 
from Pan et al. 2018)

J. Klotz et al.
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the ESMO guidelines are less specific about 
these issues. Some high-income countries, such 
as Japan, have taken the approach of largely 
adopting Western countries’ survivorship care 
guidelines, while acknowledging “cultural and 
health system differences” that purportedly pre-
cluded use of specific recommendations regard-
ing cognitive function, fatigue, sexual function, 
and menopause [62].

In LMICs and regions, where the primary 
focus is primary treatment of breast cancer care, 
available resources, societal values and priorities, 
and health-care infrastructure limit the focus on 
survivorship. Some progress in developing breast 
cancer care guidelines for resource-constrained 
regions has been made through international 
cooperative efforts, such as the Breast Health 
Global Initiative (BHGI) [63] and Initiative 2.5 
[64, 65]. The BHGI stratifies its guideline-based 
recommendations according to a resource alloca-
tion scale. Basic services are those “fundamental 
services absolutely necessary for any breast 
health care system to function”; limited services 
are those “intended to produce major improve-
ments in outcome, and are attainable with limited 
financial means”; enhanced services are “optional 
but important”; and maximal resources “may be 
used in some high-income countries, and/or may 
be recommended by breast care guidelines that 
do not adapt to resource constraints” with heavy 
emphasis on education for health-care providers, 
survivors, and family members [66]. As the 
awareness of need for survivorship care becomes 
apparent in LMICs and regions, the need for cul-
turally and regionally specific implementation of 
guideline-based recommendations, rather than 
adoption of United States or European recom-
mendations, is also evident [67–69].

�The Future of Survivorship 
Guidelines

The future of survivorship guidelines is inti-
mately linked with the direction of survivorship 
itself, both nationally and internationally. This 

future is largely dependent on expanding the 
quality and depth of the survivorship research 
base. While there has been a steady rise in sur-
vivorship research, with more focus on breast 
cancer survivors than any other cancer survivor 
group [70], much of this research has focused on 
limited time point patient reported outcomes and 
quality of care. A research agenda that is driven 
by impact on survival, utilization of social sup-
port, nutritional, and rehabilitation services, 
costs, and impact on health equity [71] may be 
more effective at demonstrating the value of 
survivorship care in the United States and other 
high-income countries. While the primary focus 
of cancer research in LMICs remains epidemi-
ology, prevention, screening, and acute cancer 
treatment, there must be an increased focus on 
higher quality research into survivorship care 
that meets the needs of individual international 
communities.

This same recognition that survivorship care 
needs to be specific to varied global circum-
stances also extends to individuals within those 
systems. Personalized survivorship care mod-
els which stratify patients to self-management, 
limited primary care and oncology-based sur-
vivorship care, and multidisciplinary manage-
ment for high needs patients have been piloted 
with success in non-US high-income countries 
[72]. Given the challenges of adhering to the 
complex recommendations for breast cancer 
survivorship care, such a personalized approach 
might also be extended to the guidelines them-
selves, triaged by survivor acuity and ethno-
culturally specific circumstances. Finally, as 
with all guidelines, high-quality evidence and 
well-written recommendations by themselves 
are insufficient to improve breast cancer sur-
vivorship if the information and recommen-
dations are not understood and acted upon by 
the intended audience. Therefore, the success 
of improving the standard for breast cancer 
survivorship care through guidelines will be 
dependent on its effective dissemination and 
implementation both in the United States and 
the world.

1  Overview of the National and International Guidelines for Care of Breast Cancer Survivors
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Breast Imaging: Screening for New 
Breast Cancers and for Cancer 
Recurrence

Mary Scott Soo, Karen S. Johnson, 
and Lars Grimm

Long-term survival of breast cancer patients is 
common, with a 5-year survival rate of 90% [1]. 
With more than 3.5 million breast cancer survi-
vors in the United States as of January 2020, a 
frequent and key component of daily clinical 
encounters is screening for new or recurrent can-
cers; the screening and diagnostic imaging guide-
lines are somewhat complex.

Patient age, risk factors, and surgical and 
other treatment history need to be considered 
when selecting appropriate imaging studies for 
surveillance. Because breast cancer is a hetero-
geneous disease, management is tailored to the 
individual, differing for in situ versus invasive 
lesions and numerous other factors. Therapies 
may involve surgery, radiation therapy, and hor-
monal and/or chemotherapy, based on tumor 
size, axillary nodal involvement, distant metas-
tases, tumor biology, genetic history, and social 
factors among others. Screening is therefore 
tailored to the patient’s specific medical history 
and situation.

Likewise, appropriate workup of physical 
symptoms is essential in these patients. 
Imaging recommendations vary depending on 
the type of surgical treatment, use of radiation 
therapy, and timing after surgery; these and 

other factors impact the imaging workup of 
clinical symptoms that occur after treatment. 
This chapter reviews imaging recommenda-
tions for both screening and diagnostic evalua-
tions in women who have undergone breast 
cancer treatment.

�Breast Imaging Modalities 
for Screening Breast Cancer 
Survivors

An array of breast imaging modalities are avail-
able for screening residual native breast tissue in 
women with a personal history of breast cancer, 
including mammography, digital breast tomosyn-
thesis (DBT), magnetic resonance imaging 
(MRI), and ultrasound. Choosing the most appro-
priate modality or modalities depends on the 
patient’s cancer history, surgical therapy, age, 
and overall risk status.

Breast Imaging Modalities

•	 Digital mammography (two-
dimensional mammography)

•	 Digital breast tomosynthesis (three-
dimensional mammography)

•	 Magnetic resonance imaging
•	 Ultrasound
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�Digital Mammography and Digital 
Breast Tomosynthesis (DBT)

In conjunction with history and physical exam, 
annual digital mammography (i.e., traditional 
two-dimensional mammography) and digital 
breast tomosynthesis (DBT) (i.e., three-
dimensional mammography) are the indicated 
imaging modalities for screening the bilateral 
breasts in patients who have undergone breast 
conserving surgery (BCS), or for screening the 
contralateral breast after mastectomy. DBT is a 
newer, advanced mammography technology that 
uses low-dose radiation to acquire multiple initial 
projection images; data from these images are 
then used to reconstruct numerous image “slices” 
which provide a simulated three-dimensional 
view of the entire breast. Compared to standard 
two-dimensional (2D) digital mammography, 
DBT also requires breast compression, and uses 
only a minimally higher radiation dose overall. 
The ability of DBT to evaluate breast tissue at 
thin slices (usually 1 mm each) allows for identi-
fication of small cancers that are often obscured 
by superimposed tissue on standard 2D digital 
mammograms (Fig. 2.1). This results in improved 
cancer detection rates and reduced false posi-
tives, and is particularly beneficial in women 
with dense breast tissue, including younger 
women, who tend to have dense tissue.

Although the sensitivity of digital mammog-
raphy can decrease by as much as 11% in breast 
cancer survivors compared to women without a 
personal history of breast cancer [2, 3], studies 
have shown that surveillance mammography still 
significantly reduces the risk of dying from breast 
cancer in survivors of all ages [2–4]. In addition, 
mammography detects lesions earlier, resulting 
in more favorable prognoses, than lesions 
detected by physical exam [5]. Further, overall 
survival is improved when recurrent breast can-
cer is detected by mammography compared to 
recurrence detected by physical exam [5]. 
Regardless of age, the American College of 
Radiology and the Society of Breast Imaging rec-
ommend annual digital mammography or DBT 
starting 6–12  months after cancer surgery, to 
establish a new baseline imaging appearance [6]. 

In all patients, the guiding principle of screening 
and surveillance should be to consider the indi-
vidual patient’s risk of recurrence in the context 
of her functional status. There is no fixed upper 
age limit to stop screening, but consideration to 
stopping should be given for women whose life 
expectancy is less than 5–7 years based on age or 
comorbidities, as well as women who would 
choose not to act on any abnormal results from 
screening mammography.

�Magnetic Resonance Imaging (MRI)

Contrast-enhanced breast MRI is recommended 
for surveillance in high-risk women with a greater 
than 20% lifetime risk of breast cancer. Compared 
to both 2D mammography and DBT, MRI offers 
superior sensitivity and an improved cancer 
detection rate, with only a small decrease in spec-
ificity [6–10]. A recently published study of 1249 
high-risk women demonstrated a sensitivity of 
96% for MRI, but only 31% for mammography, 
with a cancer detection rate of 21.8 cancers per 
1000 MRI examinations but only 7.2 cancers per 
1000 mammography examinations [8]. Another 
recent study of 1355 women with increased 
familial risk found that more breast cancers were 
detected and that the breast cancers were smaller 
and more often node negative in the MRI group 
compared to the mammography group [11]. 
During breast MRI examinations, women lie 
prone with their breasts positioned dependently 
within a dedicated breast coil that provides high 
resolution imaging. Gadolinium-based dye is 
injected through an IV during scan acquisition 
and concentrates within breast cancers soon after 
the injection. Typically, breast cancer will vigor-
ously enhance due to the collection of gadolin-
ium within breast cancer. This vigorous 
enhancement of breast cancer can typically be 
detected even in a background of dense breast tis-
sue which reduces mammographic sensitivity. 
This explains why breast MRI has a higher sensi-
tivity than mammography and, in fact, has the 
highest sensitivity of all current imaging modali-
ties for the detection of breast cancer. In addition, 
while mammography is not used routinely for 
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annual surveillance of a reconstructed breast, 
chest wall, or ipsilateral axilla following mastec-
tomy, breast MRI can effectively assess these 
areas with routinely acquired axial images if 
there is clinical concern for recurrent breast 
cancer.

Based on the life-time risk assessments, the 
American Cancer Society (ACS) in 2007 con-
cluded that there was insufficient evidence to rec-
ommend for or against routine breast MRI 
screening in the general breast cancer survivor 

population [12]. However, women with a per-
sonal history of breast cancer who meet high-risk 
criteria according to the ACS guidelines should 
undergo yearly screening MRI as part of their 
survivorship care plan. As stated earlier, high risk 
is defined as a greater than 20% lifetime risk of 
developing a second primary cancer and would 
include women who are BRCA1/BRCA2 muta-
tion carriers or women with a very strong family 
history of breast cancer. More recently, utiliza-
tion of screening MRI for women with a personal 

a b

Fig. 2.1  Digital mammography and DBT of invasive 
ductal carcinoma in the patient’s right breast. (a) 
Craniocaudal view from a traditional 2D digital mammo-
gram shows an asymmetry laterally in the right breast 
(arrow), in the region of the carcinoma. The features of the 
carcinoma are partly obscured due to surrounding fibro-
glandular tissue, making it somewhat inconspicuous. (b) 

One of 50 reconstructed craniocaudal images (slices) 
throughout the right breast, created to produce the 3D 
tomosynthesis mammogram. Compared to figure a, this 
1 mm thick slice at the level of the invasive cancer makes 
the tumor more conspicuous and better defined, seen now 
as a highly suspicious spiculated mass (arrows)

2  Breast Imaging: Screening for New Breast Cancers and for Cancer Recurrence
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history of breast cancer has been shown to 
increase detection of early stage biologically 
aggressive breast cancers and decrease interval 
cancers [13]. In addition, MRI also appears to 
perform better in women with a personal history 
of breast cancer compared to MRI in women with 
genetic risk or family history, due to fewer false 
positive exams (12.3% vs. 21.6%) and higher 
specificity (94.0% vs. 86.0%), without statisti-
cally different sensitivity and cancer detection 
rates [10].

Increased breast density confers a small addi-
tional risk of breast cancer, with a relative risk of 
1.45 for women with dense breasts compared to 
those with scattered fibroglandular density [14]. 
Increased breast density alone does not confer a 
high-risk status, but in conjunction with a per-
sonal history of breast cancer an individual 
patient’s lifetime risk may cross the >20% life-
time threshold to qualify for high-risk screening 
MRI. However, many risk-assessment models do 
not incorporate breast density into their calcula-
tions. There is a small, but growing, body of evi-
dence that suggests that screening MRI may be 
beneficial for non-high-risk women with dense 
breasts [15–17]. The Dutch DENSE trial ran-
domized women with extremely dense breasts to 
biennial MRI plus mammography versus mam-
mography alone and found a significant decrease 
in interval cancers in the MRI group (4.9/1000 
vs. 0.8/1000) [16]. Unfortunately, many insur-
ance providers will not cover screening MRI if 
the patient does not meet high-risk criteria, and 
so decisions about MRI utilization must be indi-
vidualized to the patient’s risk status, financial 
circumstances, and insurance coverage.

The steadily growing number of women with 
greater-than-normal risk for breast cancer who 
are eligible for MRI screening has raised con-
cerns about access and availability for breast 
MRI.  Breast MRI imaging protocols were 
designed for comprehensive preoperative staging 
to define the extent of disease. Newer abbreviated 
breast MRI protocols have been developed spe-
cifically for screening purposes [18–21]. These 
abbreviated protocols reduce the number of 
image sequences acquired; therefore, they result 
in marked reductions in acquisition time (patient 

time in the MRI scanner) and radiologist inter-
pretation time [21]. This allows more breast 
MRIs to be scheduled per hour, improving avail-
ability, and potentially decreasing patient costs. 
Multiple retrospective and prospective observa-
tional studies have demonstrated comparable 
sensitivity and positive predictive values for 
abbreviated versus full breast MRI protocols 
[18–21]. At least one randomized controlled trial 
is in progress to evaluate abbreviated MRI proto-
cols more comprehensively [22]. Breast MRI uti-
lization for breast cancer survivors will likely 
increase over time, based on the high sensitivity 
and improved access, due to these evolving 
abbreviated protocols and resultant cost 
reductions.

There are several drawbacks to MRI com-
pared to other imaging modalities. Breast MRI 
requires IV access and contrast administration. 
The adverse event rate for gadolinium-based con-
trast media (GBCM) ranges from 0.07% to 2.4%, 
and most reactions are mild and physiologic, 
including coldness, warmth or pain at the injec-
tion site, nausea, headaches, paresthesia, or dizzi-
ness [23]. Allergic-like reactions are rare and 
range from 0.004% to 0.7%, with anaphylactic 
reactions exceedingly rare [23]. Concerns about 
nephrogenic sclerosing fibrosis have been raised; 
however, these are essentially eliminated by 
appropriately screening patients for risk factors, 
most notably acute renal disease [24]. Health 
concerns about gadolinium deposition in the 
brain are currently theoretical but an area of 
investigation [25]. The most common reasons 
that some patients refuse to participate in high-
risk screening MRI programs include claustro-
phobia, financial concerns, referring physician 
refusal to provide referral, lack of interest, and 
medical intolerance of MRI [26]. Finally, there 
may be increased anxiety associated with more 
frequent screening (MRI plus mammography 
compared to mammography alone).

�Ultrasound

The role for screening ultrasound in women with 
a personal history of breast cancer is limited. 
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Regardless of risk status, ultrasound is primarily 
indicated for supplemental screening of women 
with mammographically dense breasts, resulting 
in an incremental increase in the cancer detection 
rate, but at the cost of increased false-positive 
findings and a lower positive predictive value 
[27, 28]. For women with dense breasts who 
undergo screening ultrasound, the risk of false 
positives becomes more pronounced and the ben-
efits diminish if DBT is used instead of digital 
mammography [29]. Ultrasound does have a 
valuable role in the diagnostic setting and is indi-
cated for women with palpable abnormalities, 
pain, or other breast symptoms. During ultra-
sound evaluations, the patient lies supine or in 
decubitus positions while the radiologist or 
sonographer pass a handheld or automated device 
over the skin surface of the breast, acquiring 
images through use of sound waves to identify 
abnormalities.

�Other Imaging Modalities

Other imaging modalities such as molecular 
breast imaging [MBI], computed tomography 
[CT], and positron emission tomography [PET] 
can also image the breast. However, they do not 
have an established role in screening women with 
a personal history of breast cancer, and are most 
often used in specific clinical settings, such as 
staging of newly diagnosed breast cancer.

�Screening After Breast Conserving 
Surgery

After BCS for early-stage cancer, ipsilateral 
recurrent breast tumors occur in approximately 
4% of women [30]. The first post-treatment sur-
veillance mammogram can be performed 
6–12 months after radiation treatment ends [31]. 
Breast conserving surgery combined with radia-
tion treatment induces changes in the breast that 
typically evolve and stabilize over 3  years. 
Diagnostic mammography provides extra scru-
tiny of the surgical site and helps to establish a 
new baseline appearance. Since most local recur-

rences present within 5  years after treatment, 
annual diagnostic mammography, which is better 
able to detect small areas of residual or recurrent 
disease, is performed for the first 5  years after 
diagnosis [32]. After 5  years, routine screening 
mammography is continued.

Diagnostic mammograms in BCS patients 
typically include routine craniocaudal (CC) and 
mediolateral oblique (MLO) views plus extra 
spot magnification or spot compression tomosyn-
thesis views of the lumpectomy site. The addition 
of a spot compression tomosynthesis view of the 
lumpectomy site helps to evaluate for abnormal 
findings such as biopsy scar enlargement, devel-
oping masses, and asymmetries. Ultrasound is 
commonly used in these settings to evaluate for 
underlying masses or fluid collections and may 
facilitate biopsy planning when necessary. Spot 
magnification views of the lumpectomy site are 
useful for identifying and characterizing indeter-
minate or suspicious calcifications at or around 
the scar site that would prompt stereotactic core 
biopsy. This is particularly important for patients 
whose initial cancer presentation involved 
calcifications.

Imaging features of recurrent carcinomas in 
areas of native breast remote from the lumpec-
tomy scar site are similar to features of cancer 
detected in patients without a personal history of 
breast cancer. Radiologists focus their search on 
new suspicious masses, calcifications, develop-
ing asymmetries, areas of architectural distortion, 
or suspicious axillary adenopathy. Search is also 
made for any increase in trabecular thickening, 
skin thickening, skin dimpling/retraction, or nip-
ple inversion that would also warrant further 
diagnostic evaluation.

Another added benefit of diagnostic mam-
mography after BCS is that a radiologist oversees 
and interprets the images at the time the images 
are obtained. Therefore, if a new abnormality is 
suspected and additional views and/or ultrasound 
are warranted to ensure a more accurate diagno-
sis, those can be performed at that same visit, 
potentially saving the patient from needing to 
return. Finally, because a diagnostic mammo-
gram is overseen by a radiologist, patients can 
receive their results immediately which often 
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reduces their anxiety because they do not need to 
wait for results. After the initial 5-year period of 
diagnostic mammography surveillance, patients 
are often recommended for annual bilateral 
screening protocols which do not include focused 
views of the lumpectomy site.

�Screening After Mastectomy

Annual mammography screening of the contra-
lateral, unaffected breast should continue after 
mastectomy. Screening mammography of the 
unaffected breast typically begins 6–12 months 
after completion of local therapy, followed 
thereafter by annual screening mammography 
for healthy women. Imaging features of screen-
detected carcinomas in these cases are similar to 
features of cancers detected in patients without 
a personal history of breast cancer.

Routine mammograms are no longer required 
for screening of the residual tissue on the treated 
side in patients receiving simple, modified radi-
cal, or radical mastectomies. Typically, there is 
not enough breast tissue left to perform a mam-
mogram, and surveillance is performed with 
physical exam. Breast cancer can still recur 
immediately below the skin in the subcutaneous 
tissue or just overlying the pectoralis muscle, and 
these recurrences should be readily detected if a 
physical exam is part of the routine surveillance 
care. For patients who undergo a skin-sparing 
mastectomy, sometimes referred to as a subcuta-
neous mastectomy, there is still a role for mam-
mography because the nipple and tissue beneath 
the skin are not removed. This leaves behind 
enough tissue to necessitate annual routine mam-
mographic screening [33]. Obtaining an accurate 
surgical history is necessary to ensure correct 
imaging evaluation.

Patients who undergo mastectomy may also 
undergo breast reconstruction. Breast reconstruc-
tion generally falls into two categories: implant 
(prosthetic) or flap (autologous) reconstruction. 
In either case, if the patient has undergone a sim-
ple, modified radical, or radical (and not a skin-
sparing or subcutaneous) mastectomy, routine 

mammographic screening of the reconstructed 
breast is usually not necessary. In patients with 
implant reconstruction, mammographic screen-
ing is technically limited because the implant 
limits compression, and implant density obscures 
underlying tissues, making physical exam the 
primary mode of surveillance.

After flap reconstructions, however, the bulk 
of the reconstructed breast is commonly made 
up of fatty tissue from other parts of the body 
(e.g., abdominal, posterior chest, medial thigh, 
or buttock) so mammography is more techni-
cally feasible. While the risk of developing 
breast cancer in these flap reconstruction tissues 
is low, small amounts of normal breast tissue can 
be left behind, below the skin in the subcutane-
ous soft tissues and immediately overlying the 
pectoralis muscle, as in mastectomy patients 
without reconstruction. Recurrences at these 
sites validate some institutions’ use of routine 
mammographic imaging of autologously recon-
structed breast. The data on screening women 
following autologous reconstruction are sparse, 
and there is no consensus on this issue. Overall, 
physical exam is the primary method for surveil-
lance for recurrent cancer in reconstructed 
breasts, and patients should be encouraged to 
perform self-exams.

�Imaging Management of Breast 
Symptoms in Breast Cancer 
Survivors

After breast cancer treatment, patients are often 
relieved to be finished with their therapy, but 
many worry about the possibility of breast cancer 
recurrence. Clinical providers should evaluate for 
signs and symptoms of disease recurrence. The 
affected breast undergoes a number of changes at 
the conclusion of treatment; most are considered 
a normal evolution in the healing process and are 
benign. The degree of change varies among 
patients, with different reactions depending on 
body habitus, surgical, radiation and medical 
oncology therapies, and timing after the 
treatments.

M. S. Soo et al.
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�Symptoms After Breast Conserving 
Surgery and Radiation

Early imaging changes in the months following 
BCT and radiation therapy often reveal skin ery-
thema and edema on physical examination. While 
normal skin thickness in an untreated breast is 
2 mm, up to 90% of patients with BCT and radia-
tion will commonly develop skin thickness 
greater than 2 mm as an expected sequela of ther-
apy (Fig. 2.2). After 2–3 years, thickening should 
stabilize or decrease [34]. Mammography during 
this time identifies the corresponding skin and 
trabecular thickening, in addition to prominent 
asymmetry and vague architectural distortion at 
the surgical site. These changes often decrease 
gradually over time, and the surgical site changes 
become more defined, evolving to a smaller spic-
ulated mass or area of architectural distortion 
(Fig. 2.3). Areas of fat necrosis with dystrophic 
calcifications often occur within the lumpectomy 
site as well. While fat necrosis that may present 
as round, lucent oil cysts may develop within 

6–12 months of surgery, dystrophic calcifications 
typically appear on mammogram 2–3 years after 
the completion of treatment. In addition, postop-
erative seromas can be seen within the surgical 
cavity in up to 50% of patients 1 month following 
BCT. While most postoperative seromas sponta-
neously resolve, a quarter will persist beyond 
6  months and a small minority may persist for 
years.

Although these changes are expected, some 
progress to complications that present challenges 
to clinical management, based on associated 
symptoms and findings on physical examination. 
For example, evolving scars and fat necrosis seen 
as oil cysts can present as a new firm palpable 
lump that feels much like recurrent breast cancer. 
Fat necrosis and resultant oil cysts often have 
characteristic benign features on mammography 
and ultrasound allowing conclusive diagnosis; 
however, if atypical in appearance, then biopsy 
may be required to confirm the diagnosis. 
Likewise, large seromas may be palpable, and 
cause swelling and pain, or can even become 

Fig. 2.2  MLO 
mammogram after 
lumpectomy and 
radiation therapy shows 
skin thickening (arrows) 
due to treatment 
changes. Also seen are 
surgical clips, 
asymmetry, and 
architectural distortion 
at the lumpectomy site
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infected, requiring drainage and antibiotic ther-
apy. Enlarging seromas over time can also result 
in suspicious changes at mammography. 
Diagnostic ultrasound is essential in these cases 
to identify the seromas and guide drainage proce-
dures and culture when necessary.

On physical examination, any concerning 
change or increase in size of these common post-
treatment sequela (e.g., palpable lumps at the 
mastectomy or lumpectomy scars; new areas of 
thickening; focal pain or swelling; nipple dis-
charge, flattening or retraction; skin dimpling and 
other changes; palpable axillary adenopathy) 
should raise concern for recurrent breast cancer 
and require diagnostic imaging evaluation. In 
most cases, both diagnostic mammography (with 
DBT when available) and ultrasound are needed 
for a complete evaluation, although the workup is 
tailored by the radiologist for each individual 
situation. The majority (65%) of early recur-
rences occur at or within a few centimeters of the 
surgical scar site and within the first 7 years of 
treatment [35]. Diagnostic mammography with 

magnification views of the lumpectomy site helps 
to exclude the presence of suspicious recurring 
calcifications or an underlying suspicious mass at 
the surgical site. In patients with concerning 
physical symptoms, targeted mammographic 
images plus a diagnostic ultrasound evaluation 
targeting the area also help detect cancer recur-
rence. In rare cases when these tests are inconclu-
sive, a problem-solving breast MRI may be 
helpful, and consultation with the radiologist can 
help guide management.

�Symptoms After Mastectomy

Understanding typical post-treatment changes 
after mastectomy in patients with or without 
reconstruction is important for accurate physical 
exam surveillance. Seromas frequently develop 
in the surgical cavity immediately following mas-
tectomy; therefore, drains are typically placed at 
the time of surgery to avoid chronic seromas. 
Persistent seromas may cause clinical concern or 

Fig. 2.3  Craniocaudal 
mammogram 
demonstrates typical 
postoperative 
architectural distortion 
and surgical clips at a 
lumpectomy site

M. S. Soo et al.



19

interfere with subsequent treatments, requiring 
percutaneous drainage. Diagnostic ultrasound 
alone is commonly used in the immediate post-
operative period to identify the seroma and guide 
drainage procedures when necessary, facilitating 
culture of fluid if infection is suspected.

Other palpable lumps may develop at the 
mastectomy site over time. In the absence of 
reconstruction, patients who have undergone 
mastectomy can be evaluated for most symptom-
atic complaints and worrisome physical exam 
findings with ultrasound alone. Ultrasonography 
can readily detect and potentially diagnose fat 
necrosis, lymphadenopathy, and cancer recur-
rence. However, a diagnostic mammogram, 
imaging the focal area of concern (“lumpo-
gram”) may also be necessary to differentiate fat 
necrosis from recurrent tumor as the cause of the 
patient’s symptoms, because some forms of fat 
necrosis and recurrent cancer are indistinguish-
able at ultrasound. Breast MRI can also be useful 
in selected cases, as MRI has been shown in one 
study to have a 100% sensitivity and specificity 
for the detection of breast cancer in this patient 
population [36].

For patients who have undergone mastectomy 
with breast reconstruction, a diagnostic mammo-
gram and ultrasound should be ordered if an area 
of concern is found on physical exam by the 
patient or her clinician. Diagnostic mammogra-
phy is superior to ultrasound for diagnosing find-
ings such as calcified fat necrosis and oil cysts, 
and is effective for evaluating both implant-
reconstructed and the predominantly fat contain-
ing autologous flap reconstructions. Ultrasound 
is superior to mammography in characterizing 
discrete masses as solid or cystic and detecting 
intracapsular implant rupture. Breast MRI could 
also be considered as an adjunct to clarify any 
concerning physical exam findings if mammog-
raphy and ultrasound are inconclusive.

�Mastectomy with Implant 
Reconstruction

Women who undergo mastectomy followed by 
implant reconstruction may develop breast symp-

toms due to peri-implant fluid collections 
(seroma, hematoma, abscess), changes in the 
implant over time (capsular contracture or possi-
ble rupture), changes in the tissue due to surgery 
(scar and fat necrosis), and of course, remain at 
risk for recurrent cancer. Following implant 
placement for breast reconstruction or augmenta-
tion, a small amount of fluid may normally col-
lect around the implant; however, persistent, 
large, or rapidly growing seromas can be clini-
cally symptomatic and increase the risk of infec-
tion. Diagnostic ultrasound is commonly used in 
the postoperative period to identify the fluid col-
lection and guide drainage procedures when nec-
essary. Later development of peri-prosthetic fluid 
collections raises concerns for abscess, chronic 
seromas, or very rarely implant-associated ana-
plastic large cell lymphoma (ALCL). Implant-
associated ALCL has been reported to present 
anywhere between 1 and 23 years after implant 
placement, with a median time of 8 years [37]. 
The most common presentation of ALCL is a 
chronic peri-implant seroma, which requires 
cytological testing of the fluid, usually collected 
through ultrasound-guided aspiration [38].

Changes in the implant shape or contour over 
time raise the suspicion of implant rupture. For 
breast reconstruction, the two most common 
types of implants are saline and silicone-gel, 
both of which can leak or rupture. A ruptured 
saline implant will simply “deflate” and the body 
absorbs the saline. No imaging is necessary to 
confirm saline implant rupture since marked 
changes on physical exam are typically suffi-
cient to make the diagnosis. Silicone gel 
implants, however, can rupture and be asymp-
tomatic, or cause a range of symptoms. Patients 
might notice a change in the implant shape, asso-
ciated pain, hardened areas due to silicone gran-
ulomas within the breast, or silicone-associated 
adenopathy as the silicone gel migrates through 
the breast tissue and collects in axillary lymph 
nodes. While mammography and ultrasound can 
at times demonstrate conclusive evidence of 
extracapsular silicone implant rupture, non-con-
trast breast MRI is the most sensitive method. 
The FDA recommends that women with silicone 
gel implants undergo screening non-contrasted 
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breast MRI to look for asymptomatic implant 
rupture at 3  years after implantation and then 
every 2 years thereafter [39].

Capsular contracture is also a relatively com-
mon complication of implant reconstruction 
occurring in approximately 13% of patients [40]. 
This is usually identified on physical exam as 
hardening and rounding of the implant, and imag-
ing is not warranted to make the diagnosis.

The presence of a prosthetic implant, whether 
saline or silicone gel, does not increase the risk 
for breast cancer, but it limits the sensitivity of 
mammography for detecting breast cancer [41]. 
However, if ultrasound is combined with mam-
mography, the sensitivity for detecting recurrent 
malignancy increases. Therefore, if a patient has 
undergone mastectomy with implant reconstruc-
tion and presents with concerning physical exam 
findings, the appropriate first imaging tests include 
a diagnostic mammogram with ultrasound. If 
imaging is inconclusive and concern persists, 
breast MRI can be helpful and has been reported 
in some series to have 100% sensitivity [42].

�Mastectomy with Autologous Flap 
Reconstruction

Many women undergo breast reconstruction with 
either autologous flaps or implant prostheses. 
Overall, women with autologous flap reconstruc-
tions have more complications than those with 
implant reconstruction [43, 44]. Women who 
receive mastectomy followed by autologous flap 
reconstruction (e.g., TRAM [transverse rectus 
abdominal muscle; DIEAP [deep inferior epigas-
tric artery perforator], latissimus dorsi) also 
experience a range of postoperative complica-
tions that require imaging evaluation. Fat necro-
sis occurs in over 50% of patients with a TRAM 
flap reconstruction at an average of 2 months fol-
lowing surgery (Fig. 2.4) [45]. Seromas, hemato-
mas, and skin thickening are also common 
postoperative sequelae of flap reconstruction sur-
gery, all of which can lead to palpable lumps that 
can mimic malignancy on physical exam [46]. In 
most cases, diagnostic mammography with ultra-
sound can distinguish a benign palpable lump 

such as a seroma, hematoma, oil cyst, or fat 
necrosis from recurrent breast cancer. If assess-
ment of a clinical abnormality is indeterminate or 
suspicious with imaging, a diagnostic mammo-
gram and/or ultrasound can often safely facilitate 
imaging-guided biopsy of the area of concern.

Locally recurrent breast cancers after skin-
sparing mastectomy with autologous flap recon-
struction are uncommon (2–4%), and most occur 
in areas of residual breast tissue within 5 years of 
reconstruction [47]. The majority of these recur-
rences (50–72%) occur superficially in the con-
tact zone between the skin envelope and the 
autologous flap tissue (Fig.  2.5) and are easily 
detected by physical exam [46, 48]. Chest wall 
recurrences are less common than subcutaneous 

Fig. 2.4  Fat necrosis in the TRAM flap reconstructed 
breast. The craniocaudal mammogram confirms the diag-
nosis, showing densely calcified areas of fat necrosis 
(arrows) underlying triangular-shaped skin markers, cor-
relating with the palpable lumps
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cancers because the pectoralis fascia is com-
monly removed with the mastectomy specimen at 
surgery. If patients present with focal pain or dis-
comfort rather than a superficial lump, cancer 
recurrence within the posterior margin of the 
mastectomy bed along the pectoralis muscle 
should be considered. Patients with chest wall 
recurrences have a higher likelihood of meta-
static disease, with an associated poorer progno-
sis [47]. Because the chest wall region can be 
more difficult to evaluate with physical exam, 
mammography, or even ultrasound and/or breast 
MRI imaging should be considered in some cases 
as a reasonable and reliable tool to exclude the 
presence of malignancy.

�Autologous Fat Grafting

Autologous fat grafting is commonly being used 
for reconstruction refinements after mastectomy 
reconstructions and can also be used after BCS 
[49]. Imaging findings in these patients often 
show definitively benign changes such as multiple 

fat-containing oil cysts, dystrophic calcifications, 
and areas of scarring at mammography, or round 
benign-appearing oil cysts at ultrasound [50]. 
However, in approximately 5% of patients, suspi-
cious clinically palpable lesions and imaging 
detected abnormalities require biopsy [50]. For 
palpable abnormalities that occur in patients with 
autologous fat grafting, a detailed history of the 
reconstructive procedure is helpful in making an 
accurate diagnosis, along with diagnostic mam-
mography and ultrasound evaluation.

�Conclusion

As women with a history of breast cancer are liv-
ing longer and longer, knowing the appropriate 
and available options to detect recurrent disease 
is crucial to the ongoing medical care of breast 
cancer survivors. Imaging plays a key role in the 
surveillance of these patients, and tailoring its 
use to the specific individual based on a variety 
factors will contribute to ongoing increased lon-
gevity of breast cancer survivors.

a

b

c

Fig. 2.5  Recurrent invasive cancer in the smaller, right 
reconstructed breast, seen as (a) a high signal irregular 
enhancing mass (arrow) in the contact zone between 

residual skin and autologous flap on MRI, (b) a superficial 
irregular hypoechoic mass (arrows) at ultrasound, and (c) 
an irregular superficial mass (arrow) at mammography

2  Breast Imaging: Screening for New Breast Cancers and for Cancer Recurrence



22

References

	 1.	Howlander N, Noone AM, Krapcho M, Miller D, 
Brest A, Yu M, et al. SEER Cancer Statistics Review, 
1975-2016. Bethesda: National Cancer Institute; 
2019. Available from: https://seer.cancer.gov/
csr/1975_2016/.

	 2.	Lash TL, Fox MP, Buist DS, Wei F, Field TS, Frost 
FJ, et  al. Mammography surveillance and mortal-
ity in older breast cancer survivors. J Clin Oncol. 
2007;25(21):3001–6.

	 3.	Lash TL, Fox MP, Silliman RA.  Reduced mortality 
rate associated with annual mammograms after breast 
cancer therapy. Breast J. 2006;12(1):2–6.

	 4.	Schootman M, Jeffe DB, Lian M, Aft R, Gillanders 
WE. Surveillance mammography and the risk of death 
among elderly breast cancer patients. Breast Cancer 
Res Treat. 2008;111(3):489–96.

	 5.	Orel SG, Fowble BL, Solin LJ, Schultz DJ, Conant 
EF, Troupin RH.  Breast cancer recurrence after 
lumpectomy and radiation therapy for early-stage 
disease: prognostic significance of detection method. 
Radiology. 1993;188(1):189–94.

	 6.	Houssami N, Abraham LA, Miglioretti DL, Sickles 
EA, Kerlikowske K, Buist DS, et  al. Accuracy and 
outcomes of screening mammography in women with 
a personal history of early-stage breast cancer. JAMA. 
2011;305(8):790–9.

	 7.	Weinstein SP, Localio AR, Conant EF, Rosen M, 
Thomas KM, Schnall MD. Multimodality screening 
of high-risk women: a prospective cohort study. J Clin 
Oncol. 2009;27(36):6124–8.

	 8.	Lo G, Scaranelo AM, Aboras H, Ghai S, Kulkarni S, 
Fleming R, et al. Evaluation of the utility of screen-
ing mammography for high-risk women under-
going screening breast MR imaging. Radiology. 
2017;285(1):36–43.

	 9.	Weinstock C, Campassi C, Goloubeva O, Wooten K, 
Kesmodel S, Bellevance E, et al. Breast magnetic res-
onance imaging (MRI) surveillance in breast cancer 
survivors. Springerplus. 2015;4:459.

	10.	Lehman CD, Lee JM, DeMartini WB, Hippe DS, 
Rendi MH, Kalish G, et al. Screening MRI in women 
with a personal history of breast cancer. J Natl Cancer 
Inst. 2016;108(3):djv349.

	11.	Saadatmand S, Geuzinge HA, Rutgers EJT, Mann 
RM, de Roy van Zuidewijn DBW, Zonderland HM, 
et  al. MRI versus mammography for breast cancer 
screening in women with familial risk (FaMRIsc): 
a multicentre, randomised, controlled trial. Lancet 
Oncol. 2019;20(8):1136–47.

	12.	Saslow D, Boetes C, Burke W, Harms S, Leach MO, 
Lehman CD, et  al. American Cancer Society guide-
lines for breast screening with MRI as an adjunct to 
mammography. CA Cancer J Clin. 2007;57(2):75–89.

	13.	Cho N, Han W, Han BK, Bae MS, Ko ES, Nam SJ, 
et  al. Breast cancer screening with mammography 
plus ultrasonography or magnetic resonance imaging 
in women 50 years or younger at diagnosis and treated 

with breast conservation therapy. JAMA Oncol. 
2017;3(11):1495–502.

	14.	Cummings SR, Tice JA, Bauer S, Browner WS, Cuzick 
J, Ziv E, et al. Prevention of breast cancer in postmeno-
pausal women: approaches to estimating and reducing 
risk. J Natl Cancer Inst. 2009;101(6):384–98.

	15.	Berg WA, Rafferty EA, Friedewald SM, Hruska CB, 
Rahbar H. Screening algorithms in dense breasts: AJR 
expert panel narrative review. AJR Am J Roentgenol. 
2021;216(2):275–94.

	16.	Bakker MF, de Lange SV, Pijnappel RM, Mann RM, 
Peeters PHM, Monninkhof EM, et al. Supplemental 
MRI screening for women with extremely dense 
breast tissue. N Engl J Med. 2019;381(22):2091–102.

	17.	Kuhl CK, Strobel K, Bieling H, Leutner C, Schild 
HH, Schrading S. Supplemental breast MR imaging 
screening of women with average risk of breast can-
cer. Radiology. 2017;283(2):361–70.

	18.	Kuhl CK, Schrading S, Strobel K, Schild HH, Hilgers 
RD, Bieling HB. Abbreviated breast magnetic reso-
nance imaging (MRI): first postcontrast subtracted 
images and maximum-intensity projection-a novel 
approach to breast cancer screening with MRI. J Clin 
Oncol. 2014;32(22):2304–10.

	19.	Mango VL, Morris EA, David Dershaw D, Abramson 
A, Fry C, Moskowitz CS, et al. Abbreviated protocol 
for breast MRI: are multiple sequences needed for 
cancer detection? Eur J Radiol. 2015;84(1):65–70.

	20.	Grimm LJ, Soo MS, Yoon S, Kim C, Ghate SV, Johnson 
KS. Abbreviated screening protocol for breast MRI: a 
feasibility study. Acad Radiol. 2015;22(9):1157–62.

	21.	Harvey SC, Di Carlo PA, Lee B, Obadina E, Sippo 
D, Mullen L.  An abbreviated protocol for high-risk 
screening breast MRI saves time and resources. J Am 
Coll Radiol. 2016;13(4):374–80.

	22.	Kuhl CK.  Abbreviated breast MRI for screening 
women with dense breast: the EA1141 trial. Br J 
Radiol. 2018;91(1090):20170441.

	23.	Media ACoDaC.  ACR manual on contrast media: 
American College of Radiology; 2020. Available 
from: https://www.acr.org/Clinical-Resources/
Contrast-Manual.

	24.	Altun E, Martin DR, Wertman R, Lugo-Somolinos A, 
Fuller ER 3rd, Semelka RC.  Nephrogenic systemic 
fibrosis: change in incidence following a switch in 
gadolinium agents and adoption of a gadolinium 
policy--report from two U.S. universities. Radiology. 
2009;253(3):689–96.

	25.	RSNA statement on gadolinium-based MR contrast 
agents: Radiological Society of North America; 2018.

	26.	Berg WA, Blume JD, Adams AM, Jong RA, Barr RG, 
Lehrer DE, et al. Reasons women at elevated risk of 
breast cancer refuse breast MR imaging screening: 
ACRIN 6666. Radiology. 2010;254(1):79–87.

	27.	Nothacker M, Duda V, Hahn M, Warm M, Degenhardt 
F, Madjar H, et al. Early detection of breast cancer: 
benefits and risks of supplemental breast ultrasound in 
asymptomatic women with mammographically dense 
breast tissue. A systematic review. BMC Cancer. 
2009;9:335.

M. S. Soo et al.

https://seer.cancer.gov/csr/1975_2016/
https://seer.cancer.gov/csr/1975_2016/
https://www.acr.org/Clinical-Resources/Contrast-Manual
https://www.acr.org/Clinical-Resources/Contrast-Manual


23

	28.	Weigert JM.  The Connecticut experiment; the 
third installment: 4 years of screening women with 
dense breasts with bilateral ultrasound. Breast J. 
2017;23(1):34–9.

	29.	Tagliafico AS, Calabrese M, Mariscotti G, Durando 
M, Tosto S, Monetti F, et  al. Adjunct screening 
with tomosynthesis or ultrasound in women with 
mammography-negative dense breasts: interim report 
of a prospective comparative trial. J Clin Oncol. 
2016;34(16):1882–8.

	30.	Yang SH, Yang KH, Li YP, Zhang YC, He XD, Song 
AL, et al. Breast conservation therapy for stage I or 
stage II breast cancer: a meta-analysis of randomized 
controlled trials. Ann Oncol. 2008;19(6):1039–44.

	31.	Runowicz CD, Leach CR, Henry NL, Henry KS, 
Mackey HT, Cowens-Alvarado RL, et  al. American 
Cancer Society/American Society of Clinical 
Oncology breast cancer survivorship care guideline. 
J Clin Oncol. 2016;34(6):611–35.

	32.	Carlson RW.  Surveillance of patients following pri-
mary therapy. In: Harris JR, Lippman ME, Morrow 
M, Osborne CK, editors. Disease of the breast. 4th ed. 
Philadelphia: Lippincott Williams & Wilkins; 2010.

	33.	Noroozian M, Carlson LW, Savage JL, Jeffries DO, 
Joe AI, Neal CH, et al. Use of screening mammogra-
phy to detect occult malignancy in autologous breast 
reconstructions: a 15-year experience. Radiology. 
2018;289(1):39–48.

	34.	Krishnamurthy R, Whitman GJ, Stelling CB, 
Kushwaha AC. Mammographic findings after breast 
conservation therapy. Radiographics. 1999;19 Spec 
No:S53–62; quiz S262–3.

	35.	Mendelson EB.  Evaluation of the postoperative 
breast. Radiol Clin N Am. 1992;30(1):107–38.

	36.	Yilmaz MH, Esen G, Ayarcan Y, et al. The role of US 
and MR imaging in detecting local chest wall tumor 
recurrence after mastectomy. Diagn Interv Radiol. 
2007;13(1):13–8.

	37.	Administration USFaD.  Anaplastic large cell lym-
phoma (ALCL) in women with breast implants: pre-
liminary FDA findings and analyses. Available from: 
http://www.fda.gov/medicaldevices/productsand-
medicalprocedures/implantsandprosthetics/breastim-
plants/ucm239996.htm.

	38.	Roller R, Chetlen A, Kasales C.  Imaging of breast 
implants and their associated complications. J Am 
Osteopath Coll Radiol. 2014;3(1):2–9.

	39.	Administration USFaD.  Update on the safety of 
silicone gel-filled breast implants (2011)  - execu-
tive summary. Available from: https://www.fda.

gov/medical-devices/breast-implants/update-safety-
silicone-gel-filled-breast-implants-2011-executive-
summary.

	40.	Coroneos CJ, Selber JC, Offodile AC 2nd, Butler CE, 
Clemens MW. US FDA breast implant postapproval 
studies: long-term outcomes in 99,993 patients. Ann 
Surg. 2019;269(1):30–6.

	41.	Miglioretti DL, Rutter CM, Geller BM, Cutter G, 
Barlow WE, Rosenberg R, et al. Effect of breast aug-
mentation on the accuracy of mammography and can-
cer characteristics. JAMA. 2004;291(4):442–50.

	42.	McIntosh SA, Horgan K. Augmentation mammo-
plasty: effect on diagnosis of breast cancer. J Plast 
Reconstr Aesthet Surg. 2008;61(2):124–9.

	43.	Xu F, Sun H, Zhang C, Jiang H, Guan S, Wang X, 
et  al. Comparison of surgical complication between 
immediate implant and autologous breast reconstruc-
tion after mastectomy: a multicenter study of 426 
cases. J Surg Oncol. 2018;118(6):953–8.

	44.	Bennett KG, Qi J, Kim HM, Hamill JB, Pusic AL, 
Wilkins EG. Comparison of 2-year complication rates 
among common techniques for postmastectomy breast 
reconstruction. JAMA Surg. 2018;153(10):901–8.

	45.	Garvey PB, Buchel EW, Pockaj BA, Casey WJ 
3rd, Gray RJ, Hernandez JL, et  al. DIEP and pedi-
cled TRAM flaps: a comparison of outcomes. Plast 
Reconstr Surg. 2006;117(6):1711–9; discussion 20–1.

	46.	Pinel-Giroux FM, El Khoury MM, Trop I, Bernier C, 
David J, Lalonde L. Breast reconstruction: review of 
surgical methods and spectrum of imaging findings. 
Radiographics. 2013;33(2):435–53.

	47.	Peng C, Chang CB, Tso HH, Flowers CI, Hylton NM, 
Joe BN. MRI appearance of tumor recurrence in myo-
cutaneous flap reconstruction after mastectomy. AJR 
Am J Roentgenol. 2011;196(4):W471–5.

	48.	Howard MA, Polo K, Pusic AL, Cordeiro PG, Hidalgo 
DA, Mehrara B, et al. Breast cancer local recurrence 
after mastectomy and TRAM flap reconstruction: 
incidence and treatment options. Plast Reconstr Surg. 
2006;117(5):1381–6.

	49.	Kaoutzanis C, Ganesh Kumar N, O’Neill D, Wormer 
B, Winocour J, Layliev J, et  al. Enhanced recovery 
pathway in microvascular autologous tissue-based 
breast reconstruction: should it become the standard 
of care? Plast Reconstr Surg. 2018;141(4):841–51.

	50.	Juhl AA, Redsted S, Engberg DT.  Autologous fat 
grafting after breast conserving surgery: breast imag-
ing changes and patient-reported outcome. J Plast 
Reconstr Aesthet Surg. 2018;71(11):1570–6.

2  Breast Imaging: Screening for New Breast Cancers and for Cancer Recurrence

http://www.fda.gov/medicaldevices/productsandmedicalprocedures/implantsandprosthetics/breastimplants/ucm239996.htm
http://www.fda.gov/medicaldevices/productsandmedicalprocedures/implantsandprosthetics/breastimplants/ucm239996.htm
http://www.fda.gov/medicaldevices/productsandmedicalprocedures/implantsandprosthetics/breastimplants/ucm239996.htm
https://www.fda.gov/medical-devices/breast-implants/update-safety-silicone-gel-filled-breast-implants-2011-executive-summary
https://www.fda.gov/medical-devices/breast-implants/update-safety-silicone-gel-filled-breast-implants-2011-executive-summary
https://www.fda.gov/medical-devices/breast-implants/update-safety-silicone-gel-filled-breast-implants-2011-executive-summary
https://www.fda.gov/medical-devices/breast-implants/update-safety-silicone-gel-filled-breast-implants-2011-executive-summary


25© Springer Nature Switzerland AG 2021 
G. G. Kimmick et al. (eds.), Common Issues in Breast Cancer Survivors, 
https://doi.org/10.1007/978-3-030-75377-1_3

Hot Flashes

Daniel S. Childs, Arjun Gupta, Cindy S. Tofthagen, 
and Charles L. Loprinzi

�Introduction

A majority of women will experience vasomotor 
symptoms, including hot flashes and night 
sweats, during menopause; the quality, quantity, 
and severity of these can vary markedly among 
individuals [1]. Using symptom logs and other 
qualitative data, efforts have been made to 
describe and categorize the range of hot flash 
severity in breast cancer survivors [2–4]. The 
milder variety of hot flashes may last only a few 
minutes and result in warmth or facial reddening 
but lead to no emotional or behavioral conse-
quences. The spectrum, however, extends all the 
way to very severe events that have been described 
as “boiling eruptions,” producing profuse dia-
phoresis and other physical symptoms. When this  
severe, hot flashes interrupt usual daily activities 
and may impair sleep. Additionally, they may 
have significant emotional implications, leading 

to anxiety, embarrassment, and even panic. For 
this reason, hot flashes have been ranked by 
women as the second most bothersome symptom 
of menopause, behind only weight gain [5]. Hot 
flashes can be particularly disruptive and bother-
some for those with cancer as well.

Vasomotor symptoms are highly prevalent in 
survivors of breast cancer. Most women who are 
treated for breast cancer, irrespective of their 
menopausal status, will experience hot flashes 
[6]. For example, in one study over half a breast 
cancer survivors report having experienced a hot 
flash in the last week, emphasizing the frequency 
with which this untoward symptom occurs [4]. 
Vasomotor symptoms, or hot flashes, occur more 
often in breast cancer patients because of the 
widespread use of antiestrogen therapies and 
chemotherapies that can induce ovarian failure. 
Groups recognize the importance of better man-
aging this symptom and have labeled hot flashes 
as 1 of 5 key endocrine therapy-associated symp-
toms warranting close monitoring during breast 
cancer treatment [7].

The goal of the current chapter is to outline 
options for treating hot flashes. Estrogen-based 
pharmacotherapies work well, but there are con-
cerns with these medications, especially regard-
ing breast cancer risk [8]. This chapter will 
outline multiple non-estrogen approaches for 
controlling hot flashes, including information on 
dosing, efficacy, and toxicity. It is designed as an 
aid to busy clinicians and nurses; the information 
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provided may also be helpful for informing edu-
cated patients, to better help them participate in 
shared decision-making.

�Quick Overview of Treatment 
Options for Hot Flashes in Breast 
Cancer Survivors

With regard to the alleviation of hot flashes in 
breast cancer survivors, a large number of studies 
have been conducted in the past 30 years. Many 
have been positive, some negative, and a few oth-
ers have shown mixed results. Fortunately, there 
are now a number of accepted therapeutic options 
to choose from when treating hot flashes, which 
allows clinicians to make individualized recom-
mendations in the context of a patient’s prefer-
ences, and risks and benefits with regard to other 
comorbidities (Fig. 3.1).

As a general approach, for most patients it 
makes sense to begin with non-prescription 
options, such as physical measures and lifestyle 
changes. Some will find lifestyle changes alone 
to be sufficient in controlling their symptoms. 
Patients with bothersome enough hot flashes, for 
which they wish to try drug therapy, can be 
offered a trial of pharmacotherapy, understanding 

that some women would rather deal with their hot 
flashes as opposed to taking a medication for 
them. There are four main classes of non-
estrogenic drugs that have been shown to be help-
ful for treating hot flashes, those being 
antidepressant medications, gabapentinoids, anti-
cholinergic medications, and progesterone ana-
logs. The efficacy and potential toxicities of these 
agents are discussed below.

�Tincture of Time and Physical 
Measures

For most women, hot flashes subside over time 
even without treatment, but it can take many 
years as is described in the Study of Women 
across the Nation (SWAN) [9]. In SWAN, the 
median duration of menopausal vasomotor symp-
toms was 7.4 years. There are less data describ-
ing the natural history of hot flashes for those 
receiving modern treatments for breast cancer. 
Readers may note that in most short-term, 
placebo-controlled trials, hot flash frequency 
decreases on average by 20–30% within 4 weeks 
of starting a placebo [10]. However, the observed 
reduction actually appears to be from a placebo 
effect as opposed to the natural history of hot 

Non-estrogenic
Hot Flash
Treatment
Options

Oxybutynin

Hot Flashes
Bothersome
Enough to

Warrant Rx?

Physical & Behavioral
Measures

-   Cool temperatures
-   Air exchange (fans, wind)
-   Dress in layers
-   Trigger avoidance
-   Weight loss

Antidepressants
-   Citalopram
-   Escitalopram
-   Venlafaxine
-   Other

Gabapentinoids
-   Gabapentin
-   Pregabalin

Progesterone
Analogs

-   Megesterol acetate
-   Medroxyprogesterone
    acetate (MPA)

Other
-   Hypnosis
-   Accupuncture
-   Stellate ganglion block

-   Soy products

-   Black cohosh

-   Magnesium oxide

-   Flaxseed

Interventions with mixed results
across studies:

Studied interventions that don’t work
well:

Fig. 3.1  Approach to the treatment of hot flashes in breast cancer patients
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flash improvement. This is illustrated in a trial 
that had a 2-week baseline period, whereby there 
was no substantial change in mean hot flash 
scores during the first and second weeks of 
screening prior to beginning any intervention 
[11]. With no intervention, hot flashes do improve 
over time, but it takes much longer than weeks 
for women to notice a substantial reduction in hot 
flash frequency and severity.

In additional to watchful waiting, physical 
measures are sometimes sufficient for patients 
with mild vasomotor symptoms. Proposed inter-
ventions include dressing in layers the can be 
removed easily, using fans or other means to pro-
mote air circulation, and avoiding triggers such 
as hot baths or spicy foods [12]. A patient once 
shared a practical tip with us as it relates to this 
topic. When driving in the winter, she would put 
her coat on backwards before fastening her seat-
belt so that the coat could easily be removed 
without unfastening the seatbelt if hot flashes 
occurred while she was driving. Weight loss, too, 
can be helpful as hot flashes are more prevalent in 
women who are obese [13], and even modest 
weight loss leads to fewer bothersome flushing 
episodes [14].

�Antidepressant Medications

�Serotonin Norepinephrine Reuptake 
Inhibitors (SNRIs)

In the 1990s, several providers independently 
recognized that women taking four different anti-
depressants (venlafaxine, paroxetine, fluoxetine, 
and sertraline) seemed to have reductions in their 
hot flashes. Following such anecdotal evidence, a 
pilot study was developed to evaluate the efficacy 
of low-dose venlafaxine (12.5 mg twice daily) for 
alleviating hot flashes in women with a history of 
breast cancer and in men receiving androgen 
deprivation therapy [15]. The study enrolled 28 
patients who provided hot flash data via daily 
questionnaires. By the fourth week of treatment, 
overall hot flash scores had decreased to 45% of 
their baseline value. Over half of the patients 
experienced greater than a 50% reduction in hot 

flash scores following initiation of venlafaxine, 
and, importantly, the medication was relatively 
well-tolerated. The positive results of this trial 
led to a subsequent randomized, placebo-
controlled trial evaluating three different doses of 
venlafaxine [16]. All three doses of venlafaxine 
outperformed the placebo; the best dose was 
75 mg daily as it was more effective than 37.5 mg 
daily and had fewer side effects, including mouth 
dryness, decreased appetite, nausea, and consti-
pation than 150 mg daily; additionally, there was 
no suggestion that the higher dose decreased hot 
flashes any more than 75 mg daily. When using 
this drug for management of vasomotor symp-
toms, it is recommended to start with 37.5  mg 
daily and, if ineffective, up-titrate to 75 mg per 
day. The lower dose of venlafaxine may be 
enough to control hot flashes for some patients, 
in which case the dose does not need to be 
increased.

Subsequent, randomized, double-blinded, 
placebo-controlled trials began evaluating other 
antidepressants, including another serotonin-
norepinephrine reuptake inhibitor, desvenlafax-
ine, which has demonstrated similar efficacy, to 
venlafaxine, in multiple large placebo-controlled 
trials [17, 18]. The target dose for desvenlafaxine 
is 100  mg daily with a starting dose of 50  mg 
daily.

�Selective Serotonin Reuptake 
Inhibitors (SSRIs)

Another class of antidepressants, selective sero-
tonin reuptake inhibitors (SSRIs), includes the 
only non-hormonal drug with US Food and Drug 
Administration (FDA) approval for the treatment 
of hot flashes. Initial trials with paroxetine 
showed results similar to what had been seen 
with venlafaxine [19]. In 2013, the FDA-
approved paroxetine for treatment of moderate-
to-severe vasomotor symptoms of menopause. 
Approval was largely based on the results of two 
trials, which involved over 1100 postmenopausal 
women. The first trial observed a median reduc-
tion of 5.9 hot flashes per day in the paroxetine 
arm as compared to 5.0 in the placebo arm [20]. 
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The second trial demonstrated median reductions 
of 5.6 and 3.9 hot flashes per day in each group, 
respectively [20]. Though one might view the 
absolute reduction in hot flash frequency as not 
overly impressive, patients did find it to be clini-
cally meaningful. It is possible that some of the 
benefit was derived from improved sleep quality, 
as later studies have shown that sleep distur-
bances caused by hot flashes are significantly 
reduced by low-dose paroxetine [21].

The SSRIs do not seem to have an entirely 
uniform class effect in improving vasomotor 
symptoms. Despite sertraline being one of the 
drugs that was initially noted to decrease hot 
flashes in women who were taking it for other 
indications, such as mood symptoms, multiple 
studies support that sertraline less consistently 
outperforms placebo in reducing hot flashes 
[22–25]. Though another SSRI, fluoxetine, 
appears better than a placebo, mixed treatment 
comparison analysis shows that it has the low-
est probability of providing clinically meaning-
ful improvements among all the SSRIs [26]. For 
these reasons, the authors are less inclined to use 
sertraline and fluoxetine for the treatment of hot 
flashes.

Caution should be exercised when using cer-
tain SSRIs in patients who have breast cancer. It 
is worth noting that paroxetine and fluoxetine are 
both potent inhibitors of the cytochrome P-450 
CYP2D6 enzyme, which converts tamoxifen to 
its more potent metabolite, endoxifen. Paroxetine 
decreases plasma concentrations of endoxifen by 
64%, which may diminish the efficacy of tamoxi-
fen [27]. Indeed, a long-term, population-based 
cohort study of overlapping treatment with 
tamoxifen and SSRIs suggested an increased risk 
of breast cancer-related death for women taking 
paroxetine (but not other SSRIs) [28]. However, 
other work, such as the prospective CYPTAM 
study, did not show a correlation between endoxi-
fen levels and relapse free survival for women 
with early-stage breast cancer receiving tamoxi-
fen [29]. The topic remains highly debated, and 
there are not yet definitive answers about the 
impact of co-prescription of antidepressants and 
tamoxifen. Lesser degrees of CYP2D6 inhibition 

are seen with citalopram and venlafaxine, and 
pragmatically, other options exist such that anti-
depressants known to show higher inhibition of 
CYP2D6 (like paroxetine) can be avoided [30].

Among the antidepressant options for cancer 
patients, the authors feel that citalopram may 
have the best benefit/toxicity/cost ratio 
(Table 3.1). A phase III, placebo-controlled trial 
demonstrated a magnitude of benefit that is simi-
lar to what has been reported for venlafaxine and 
paroxetine – a mean reduction in hot flash scores 
of approximately 50% – but, unlike paroxetine, 
citalopram is only a moderate inhibitor of the 
CYP2D6 enzyme [31]. It causes less nausea and 
vomiting than venlafaxine, which is a particu-
larly important in cancer patients who may 
already have gastrointestinal symptoms related to 
cancer-directed therapies [32]. Daily doses of 
10 mg, 20 mg, and 30 mg appear to be equivalent 
in controlling symptoms, but a target dose of 
20 mg daily may be more effective for control-
ling mood symptoms.

The SSRI escitalopram is another option that 
leads to fewer and less severe hot flashes. An 

Table 3.1  Recommended dosing and common side 
effects for antidepressants used for hot flashes

Medication
Starting 
dose

Target 
dose

Common or major 
side effects

Citalopram 20 mg 
daily

20 mg 
daily

No more than 
placebo in some 
trials; others 
report drowsiness, 
insomnia

Escitalopram 10 mg 
daily

20 mg 
daily

No more than 
placebo in some 
trials; others 
report headache, 
insomnia, 
drowsiness, GI 
symptoms

Venlafaxine 
ER

37.5 mg 
daily

75 mg 
daily

Xerostomia, 
nausea, decreased 
appetite, 
constipation

Paroxetinea 10 mg 
daily

10 mg 
daily

Nausea, headache, 
insomnia

Desvenlafaxine 50 mg 
daily

100 mg 
daily

Nausea, insomnia, 
xerostomia

Abbreviations: ER extended release
aPotent CYP2D6 inhibition
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early study evaluated this antidepressant in 
healthy menopausal women without concomitant 
mood disorders [33]. This study lacked a control 
group but noted a reduction in hot flash frequency 
and severity after starting escitalopram. Another 
small study evaluated escitalopram against 
estrogen-based therapy and reported a greater 
reduction in climacteric symptoms for those 
receiving escitalopram [34]. The use of this med-
ication is further supported by a multisite, ran-
domized, placebo-controlled, double-blind 
clinical trial published in 2011 [35]. By the end 
of the first week, patients receiving 10–20 mg per 
day of escitalopram reported significant reduc-
tion in hot flash severity that was paralleled by 
reductions in hot flash frequency. Similar to other 
studies of SSRIs and SNRIs, approximately 50% 
of patients experienced at least a 50% reduction 
in hot flash frequency.

A few additional points about antidepres-
sant use for hot flash symptoms merit discus-
sion. First, some of the trials discussed above 
included women with natural or surgical meno-
pause, while others included patients with 
breast cancer, some of whom had cancer treat-
ment-related menopausal symptoms. These 
non-hormonal therapies seem to be similarly 
useful regardless of whether a patient has a 
history of breast cancer, or not, and regard-
less of whether they were taking tamoxifen, or 
not [36]. Second, antidepressants improve hot 
flash symptoms much more quickly than they 
do mood symptoms with some studies dem-
onstrating significant improvement within a 
week [35]. Unpublished data from the initial 
placebo-controlled venlafaxine study reveals 
significant reductions in hot flashes, compared 
to the placebo arm, very quickly [16]. Third, 
per cross-study comparisons, all agents men-
tioned within this section (except for sertraline 
and fluoxetine) appear to have a relatively simi-
lar efficacy for reducing hot flashes. Finally, if 
one antidepressant does not work, will another 
be effective? While there are no good clinical 
trial data to address this question; anecdotally it 
appears that changing to another may be help-
ful for some patients.

�Gabapentinoid Medications

In 2000, Dr. Thomas Guttuso, a neurologist, 
described a series of six cases where gabapentin 
was prescribed for pain indications; he noted that 
it, incidentally, ameliorated patients’ hot flashes 
[37]. His hypothesis was subsequently tested in a 
randomized, double-blind, placebo-controlled 
trial, which reported that gabapentin 900  mg 
daily resulted in a 54% reduction in a composite 
score of hot flash severity and frequency, as com-
pared to only a 31% reduction for patients receiv-
ing placebo [38]. Since that time, numerous 
RCTs, comparing gabapentin to placebo, have 
been completed; these have included diverse 
patient populations from different practice set-
tings and countries [39–43]. A recent meta-
analysis demonstrated that patients benefited 
from gabapentin but at the expense of more dizzi-
ness and somnolence (RR 4.45, 95% CI 2.50–
7.94) [44]. Gait instability or ataxia may also 
occur with gabapentinoids, and lower doses are 
recommended for individuals with renal impair-
ment [45]. Thus, gabapentin is another reason-
able option for controlling hot flashes. It may be 
particularly useful for those who have another 
neurologic indication for using gabapentin or 
those intolerant of antidepressants. Most studies 
start gabapentin at a dose of 300  mg daily and 
up-titrate to goal dose of 300  mg three times 
daily. If a patient primarily has nighttime hot 
flashes (night sweats), this can be titrated up to a 
single bedtime dose of 900 mg day.

Pregabalin is a GABA analog that works in a 
manner similar to gabapentin. It is widely used for 
neuropathic pain and also is prescribed off-label 
for several other neurologic indications. The 
activity of pregabalin for vasomotor symptoms is 
supported by a phase III, placebo-controlled trial 
including 163 patients with bothersome hot flash 
symptoms [46]. After week 6, pregabalin 150 mg 
twice daily decreased hot flash scores by 71%, 
pregabalin 75 mg twice daily decreased hot flash 
scores by 65%, and a placebo decreased hot flash 
scores by 50%. The side effect profile of pregaba-
lin is similar to what is described above for gaba-
pentin, but the twice daily dosing of pregabalin is 
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more convenient. For improved tolerability with-
out significant detriment to efficacy, consider a 
target dose of 75 mg twice daily.

In summary, multiple placebo-controlled, 
randomized, double-blind clinical trials demon-
strate that both gabapentin and pregabalin 
decrease hot flashes to a similar magnitude as 
seen with the above-noted antidepressant medi-
cations (Table 3.2).

�Venlafaxine Versus Gabapentin: 
Which Do Women Prefer?

As discussed above, both antidepressants and 
gabapentinoid medications are viable options for 
treating hot flashes. In one crossover study, breast 
cancer survivors with hot flashes received 
4  weeks of treatment with venlafaxine and 
4 weeks of treatment with gabapentin [11]. Each 
treatment period was separated by a washout 
interval. Most patients (68%) preferred venlafax-
ine to gabapentin, though both agents reduced 
overall hot flash scores to a similar degree. The 
results of the study support first trying an antide-
pressant, and, if ineffective, consider a transition 
to a gabapentinoid. Interestingly, gabapentin and 
an antidepressant together seems no better than 
gabapentin alone for hot flash reduction, so the 
antidepressant can be tapered off if ineffective for 
control of hot flashes [47].

�Oxybutynin

Support for studying oxybutynin in the treat-
ment of hot flashes came from the observation 
that patients taking the medication for overactive 

bladder also noticed that it provided relief from 
sweating [48]. Indeed, a multitude of studies have 
shown that oxybutynin is efficacious in control-
ling generalized hyperhidrosis [49]. A Canadian 
group retrospectively examined the charts of 52 
patients who received oxybutynin and reported 
that 70% had a partial or excellent response to 
treatment [50].

Extended release oxybutynin at a dose of 
15 mg daily was compared to placebo in a multi-
center, double-blind, phase II trial [51]. Seventy-
three percent of women receiving oxybutynin, 
compared to 26% receiving placebo, reported 
that their vasomotor symptoms were “much 
improved” at the end of treatment; however, 
about 7% of patients in this study discontinued 
oxybutynin secondary to side effects, primarily 
dry mouth. Another phase III trial randomized 
150 women with hot flashes to lower doses of 
oxybutynin, at 2.5  mg twice daily, 5  mg twice 
daily, versus a placebo [52]. At the end of the 
study, mean hot flash scores (a composite mea-
sure of hot flash frequency and severity) were 
reduced by 10.6, 16.9, and 5.7  units in each 
group, respectively. Hot flash frequency was 
also significantly reduced in the oxybutynin 
groups as compared to placebo. While the study 
was not designed to compare the two different 
doses of the medication, patients receiving the 
higher doses of oxybutynin seemed to have bet-
ter improvement in the quality-of-life metrics. In 
this study, using lower daily doses of oxybutynin 
than were used in the prior study, side effects 
were milder than seen in the previous manu-
script, and there were no differences in drug dis-
continuation because of adverse effects between 
the three study arms.

The anticholinergic effects of oxybutynin lead 
to dry mouth, constipation, and urinary retention, 
particularly in the elderly and when the daily 
dose exceeds 15 mg [53]. This medication should 
not be used in patients who have urinary retention, 
narrow angle glaucoma, or gastrointestinal motil-
ity disorders [54, 55]. It should be used with cau-
tion in older patients with comorbidities and 
polypharmacy. When using this medication, it 
may be best to start at low doses and gradually 
ramp up the dose until symptom control is 
achieved or toxicity encountered (Table 3.3).

Table 3.2  Recommended dosing and common side 
effects for gabapentinoid medications used for hot flashes

Medication
Starting 
dose

Target 
dose

Common or major 
side effects

Gabapentin 300 mg 
daily

300 mg 
TID

Somnolence, 
dizziness

Pregabalin 50 mg 
QHS

75 mg 
BID

Somnolence, 
dizziness, weight 
gain

Abbreviations: QHS every night at bedtime, TID three 
times daily, BID twice daily
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�Progesterone Analogs

Oral megestrol acetate is a progesterone-type 
hormonal agent that, by cross study comparison, 
appears to control hot flashes about as well as 
estrogen [56]. In a study of 97 women with his-
tory of breast cancer and 66 men with prostate 
cancer receiving androgen deprivation therapy, 
megestrol acetate (20  mg twice daily) reduced 
hot flashes by 85%, as compared to 21% in the 
placebo group [57]. The medication’s long-term 
efficacy and tolerability was described in another 
study, which contacted patients years after they 
had been enrolled in a short-term trial of meges-
trol acetate for hot flashes [58]. Almost half of the 
patients were still taking megestrol acetate 
3 years beyond conclusion of the study, and the 
treatment still appeared to be well tolerated.

Medroxyprogesterone Acetate (MPA)  
Medroxyprogesterone acetate has a more conve-
nient dosing scheduled than does megestrol ace-
tate, as MPA is a single-dose intramuscular 
injection that provides long lasting progestin cov-
erage. The two medications, megestrol acetate 
and MPA, were compared head-to-head and pro-
vided equal relief from hot flashes at 6  weeks 
[59]. MPA has also been directly compared to 
venlafaxine; MPA was superior in controlling hot 
flashes and was well tolerated [60].

In considering the use of MPA or megestrol 
acetate, one should discuss long-term safety 
concerns of using a progesterone analog in 
patients with potentially hormonally sensitive 
cancers. Some breast cancer oncologists are 
opposed to using these hormones in patients, 
despite both of them having been used, in the 
past, for treating metastatic breast cancer (albeit 

at higher doses than are used to treat hot flashes). 
Although large randomized, controlled trials 
have not addressed the safety of progestin use, a 
case-control study that matched 75 breast cancer 
survivors receiving MPA for hot flashes with 
controls, on the basis of age, stage of disease, 
HER2 status, and year of diagnosis, did not iden-
tify a detrimental effect of MPA on overall sur-
vival or oncologic outcomes, though the study 
may have been underpowered to assess these 
endpoints [61]. More recently, data were pre-
sented suggesting post-menopausal women who 
receive combined estrogen and progesterone 
have higher rates of breast cancer, while those 
who receive estrogen alone experience a lower 
incidence of breast cancer [62]. In the absence of 
consensus about safety, before starting a patient 
on a progestin-type hormonal agent, they should 
be made aware of potential cancer-related risk 
along with other side effects, including blood 
clots and/or increased appetite with or without 
weight gain (Table 3.4).

�Clonidine

Randomized, placebo-controlled, double-blinded 
clinical trials support that clonidine decreases hot 
flashes, but not as much as has been seen with 
multiple other agents such as antidepressants and 
gabapentinoids. One study with a crossover 
design compared transdermal clonidine to pla-
cebo [63]. Hot flash frequency was reduced only 
20% from baseline in the clonidine group. Taking 
into account adverse effects, patients were asked 
which drug they preferred at the conclusion of 
the study. The splits were fairly even with 31% 
choosing clonidine, 24% choosing placebo, and 
45% unable to tell a difference. A later trial eval-
uated oral clonidine 0.1  mg per day, which 
resulted in a 37% reduction in hot flash frequency 
versus 24% for placebo [64]. Patients taking 
clonidine more commonly experience dry mouth, 
constipation, sleep, and sedation-related con-
cerns. Given the availability of other suitable 
pharmacotherapies with less troublesome side 
effect profiles, clonidine is no longer widely pre-
scribed for hot flashes.

Table 3.3  Recommended dosing and common side 
effects for oxybutynin used for hot flashes

Medication
Starting 
dose

Target 
dose

Common or major 
side effects

Oxybutynin 2.5 mg 
BID

5 mg 
BID

Xerostomia, difficulty 
urinating, and 
abdominal pain

Abbreviations: BID twice daily
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�Non-pharmacologic Treatment 
Options

�Hypnosis

Hypnosis is non-pharmacologic option used by 
some in the treatment of hot flashes. It is a form 
of behavioral mind-body therapy that achieves a 
state of consciousness where suggestions may 
lead to a change in perception. For instance, hot 
flashes may be combated by cooler imagery, such 
as drinking a cold glass of water, a cool breeze, or 
a winter day in Minnesota. One study random-
ized women to receive 5 weekly sessions of hyp-
nosis versus no intervention. Hypnosis appeared 
better than no treatment and resulted in a 68% 
reduction in hot flash scores [65]. Similar results 
were reported in a comparison of hypnosis to a 
sham intervention that matched therapist expo-
sure between the two groups [66]. In this study, 
clinical hypnosis resulted in a 74% reduction in 
hot flash frequency as compared to 17% with the 
sham procedure.

Another study sought to evaluate the efficacy 
of hypnosis alone or in combination with antide-
pressant therapy, versus antidepressant therapy 
alone [67]. The trial had four arms: venlafaxine + 
hypnosis, venlafaxine + sham hypnosis, placebo 
+ hypnosis, and placebo + sham hypnosis. 
Interestingly, patients in each active therapy arm 
experienced a reduction in hot flashes of approxi-
mately 50%, as compared to only 25% for 
patients receiving placebo + sham hypnosis 
group. The combination of venlafaxine and hyp-
nosis did not appear to be better than either treat-
ment alone.

Hypnosis is not a widely used approach at 
this time. It is important to recognize that few 
providers have experience or expertise as a 
hypnotherapist. Further, this methodology 
requires frequent office visits for therapy ses-
sions making it a less convenient treatment 
option. There is ongoing work evaluating a 
self-hypnosis approach which, if it works, 
should be able to become more broadly avail-
able [68].

�Stellate Ganglion Blocks

A series of small trials, including a randomized, 
sham-controlled trial, supports that stellate gan-
glion blocks work; however, they are rarely used 
for treating hot flashes at this time. The proce-
dure involves injecting a local anesthetic adja-
cent to a nerve group in the neck. The first 
randomized, sham-controlled trial compared 
stellate ganglion block to a sham procedure that 
involved injecting saline into the subcutaneous 
tissue of the neck. In total, 40 women with vaso-
motor symptoms were recruited and followed 
with regular symptom assessment for 6 months 
after the injection. While there was no between 
group difference with regard to hot flash fre-
quency, those receiving the stellate ganglion 
block experienced fewer moderate to very severe 
episodes (RR 0.5) [69].

Stellate ganglion block has also been com-
pared to other standards of care. For example, 
a small trial compared stellate ganglion block 
to paroxetine, and the two interventions 
resulted in a similar improvement in hot flash 

Table 3.4  Recommended dosing and common side effects for progesterone analogs used for hot flashes

Medication
Starting 
dose Target dose Common or major side effects

Megestrol acetate 20 mg 
daily

20–40 mg daily Theoretical concerns about breast cancer 
risk, withdrawal menstrual bleeding, 
increased appetite, thromboembolic 
phenomena

Medroxyprogesterone 
acetate (MPA)

400 mg 
IM once

400 mg IM once 
(understanding that repeat 
doses can be used months later 
if hot flashes return)

Theoretical concerns about breast cancer 
risk, irritation at site of injection, withdrawal 
menstrual bleeding, increased appetite, 
thromboembolic phenomena

Abbreviations: IM intramuscular
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score at 2 weeks, 4 weeks, and 6 weeks [70]. 
Another small study compared stellate gan-
glion block to pregabalin 75  mg twice daily 
[71]. Both interventions resulted in reduced 
hot flush scores compared to each group’s 
baseline, but at the conclusion of the third 
month, stellate ganglion block significantly 
outperformed pregabalin with a percent reduc-
tion in hot flash score of 88% versus 74% for 
pregabalin. Importantly, very few adverse 
events have been reported in the stellate gan-
glion block trials.

�Acupuncture

Trials have yielded mixed results in the evalua-
tion of acupuncture for hot flashes. For example, 
one trial with 103 participants compared medical 
to sham acupuncture [72]. In the medical acu-
puncture group, needles were placed at appropri-
ate, validated acupuncture points, while the sham 
procedure involved needling non-acupuncture, 
non-meridian areas. The verum procedure did not 
control hot flashes any better than the sham pro-
cedure; however, it is recognized that sham acu-
puncture techniques are not entirely inert [73]. 
Another study compared 12 weeks of acupunc-
ture to venlafaxine [74]. Both groups experienced 
approximately a 50% of reduction in vasomotor 
symptoms. Menopause-specific quality of life 
measures, including depression, were also simi-
larly improved, but patients receiving acupunc-
ture had fewer adverse events than those taking 
antidepressant, and the effects of acupuncture on 
hot flashes appeared to be sustained for a longer 
period.

In summary, there is some support for this 
modality, but data are still limited. The state of 
evidence is well summarized in a meta-analysis 
of randomized controlled trials, cumulatively 
including over 1000 women, which notes that 
acupuncture is more effective than no interven-
tion, but no better than sham procedures and less 
effective than menopausal hormonal replacement 
therapy [75].

�Dietary Supplements That May 
Provide Limited Benefit

�Vitamin E

Vitamin E is a fat soluble vitamin known for its 
antioxidant activity [76]. It is widely available 
and is also affordable. There was anecdotal sup-
port and commentary advocating for its use; 
however, evidence was fairly limited until 1998 
when a placebo-controlled trial randomized 
women to receive vitamin E 800 IU daily or pla-
cebo for 4  weeks followed by crossover treat-
ment [77]. Vitamin E resulted in a small benefit 
over placebo with a magnitude of one fewer hot 
flashes per day. A second placebo-controlled 
sequential trial reproduced the results with vita-
min E leading to a modest improvement in hot 
flash frequency and severity [78]. No significant 
toxicities were observed in either trial. In sum-
mary, vitamin E may provide a benefit similar to 
placebo plus a bit more. Some physicians have 
recommended that a trial of vitamin E may be 
reasonable for a women with hot flashes as it is a 
relatively safe over-the-counter medication 
which may allow a patient to get the above-
described placebo-effect and maybe slightly 
more benefit. A reasonable dose to recommend is 
400 IU twice daily.

�Soy Products

Soy products have been touted to have “natural” 
benefits as they contain phytoestrogens, plant-
based compounds with mixed weak estrogenic 
and antiestrogenic action. Given these proper-
ties, it has been proposed that increasing the 
intake of phytoestrogens may decrease bother-
some symptoms, like hot flashes, that occur in 
low estrogen states. Supplemental soy phytoes-
trogens have been evaluated as an alternative or 
complementary approach in several phase III 
trials, and the results have been mixed. As a rep-
resentative sampling of studies, some trials 
show modestly reduced hot flashes with soy 
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product supplementation over placebo [79], 
while others show no improvement [80–82]. In 
one trial, women receiving soy isoflavone tab-
lets even experienced more hot flashes [83]. 
There is a fair amount of heterogeneity among 
trials, with different doses and formulations of 
soy-derived phytoestrogens being used. In 
aggregate, a meta-analysis found no conclusive 
evidence that phytoestrogen supplements 
decrease hot flashes [84].

�Dietary Supplements That Do Not 
Appear to Work

Many other supplements available at grocery 
stores or pharmacies claim to relieve menopause-
related symptoms but less consistently demon-
strate efficacy. For example, one of the most 
widely used herbal remedies for hot flashes is 
black cohosh, a phytochemical containing 
estrogen-like isoflavones. However, in pooled 
analysis of multiple moderate sized, randomized, 
placebo controlled trials, black cohosh was found 
to be no better than placebo at reducing hot flash 
frequency [85]. At this time, there is insufficient 
evidence to support the use of black cohosh for 
vasomotor symptoms.

Similar to the soy products discussed above, 
flaxseed contains phytoestrogens, in particular, a 
class called lignin. Pilot data suggested a mean 
reduction in hot flash frequency of 50% with 
flaxseed [86], but when the phase III trial was 
conducted, no statistical difference in hot flash 
outcomes emerged [87]. Approximately a third of 
patients in both arms achieved a 50% reduction in 
their hot flash score. These results underscore the 
importance of placebo-controlled trials in evalu-
ating potential hot flash treatments.

In recent years, magnesium oxide also gained 
attention with publication of a case report 
describing two women whose hot flashes mark-
edly improved after starting magnesium supple-
mentation for other indications [88]. 
Subsequently, two open-label pilot studies, each 
with 20–30 patients, also reported significant 
reductions in hot flash symptoms [89, 90]. 
Unfortunately, despite the promise of the pilot 

studies, a larger, well-designed placebo con-
trolled trial evaluating two doses of magnesium 
oxide (800 mg and 1200 mg daily) demonstrated 
no difference in hot flash score or hot flash fre-
quency [91]. As expected, patients receiving 
magnesium had more diarrhea, owing to the 
well-known laxative effect of the drug. Thus, 
magnesium oxide is not recommended for treat-
ing vasomotor symptoms.

�What About Men with Hot Flashes?

The focus of this book is managing symptoms in 
breast cancer survivors, the majority of whom are 
women. However, men with breast cancer may 
experience hot flashes as well, though they have 
not been well represented in hot flash trials. Hot 
flashes in men are most prominent in patients 
with prostate cancer who have received anti-
androgen therapy.

Pilot studies for the antidepressants venlafax-
ine and paroxetine suggest that they may be use-
ful for men having hot flashes in 
androgen-deprived states, but they have not been 
well evaluated in larger placebo-controlled trials 
[92, 93]. One placebo-controlled trial that com-
pared venlafaxine to a soy protein showed more 
substantial decreases in hot flashes in the first 
4 weeks with venlafaxine, but this effect was not 
maintained out to 12  weeks [94]. Additionally, 
this trial started with a 75  mg per day dose of 
venlafaxine, as opposed to starting at 37.5  mg 
per day and titrating upward. Thus, patients were 
more likely to stop venlafaxine than placebo. 
Gabapentin dosed at 900  mg per day has been 
shown to outperform placebo and works to a 
similar degree in men and women [95]. Multiple 
trials show that progesterone analogs also work 
well for male hot flashes [57, 96]. The opposite 
is true for clonidine; though it can work for 
women, it did not significantly decrease hot flash 
frequency or severity in men who have under-
gone surgical or medical orchiectomy [97]. 
Finally, oxybutynin has not been extensively 
studied in men, but case reports and anecdotal 
experience support that it does decrease male hot 
flashes [98].
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�Conclusions

There are a variety of non-estrogenic options 
for treatment of hot flashes associated with can-
cer. Following a trial of physical and behavioral 
measures, individuals who continue to experi-
ence bothersome symptoms have pharmaco-
logic and non-pharmacologic treatment options. 
Pharmacologic options include antidepressants, 
gabapentinoids, oxybutynin, or progesterone 
analogs. Hypnosis, acupuncture, and stellate gan-
glion blocks are non-pharmacologic options that 
can be considered for patients who prefer not to 
take medications.
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�Introduction

Breast cancer continues to affect growing num-
bers of women globally, with over two million 
women affected each year [1]. As treatments 
have become more effective, survival rates have 
increased, making survivorship issues affecting 
quality of life increasingly important. Menopausal 
symptoms are a significant survivorship issue for 
many breast cancer patients, in particular, vaso-
motor symptoms (hot flashes and night sweats) 
and genitourinary symptoms such as vaginal dry-
ness, genital discomfort and pain during sexual 
activity. While menopausal symptoms are not 
always bothersome, these may significantly 
affect physical, mental, and sexual wellbeing. 
Breast cancer survivors pose a unique dilemma 
for menopause symptom management as sys-
temic estrogen-based therapies are avoided after 
breast cancer, even in estrogen receptor-negative 
disease. This chapter will outline the nature of 
genitourinary symptoms in breast cancer survi-
vors and the importance of recognizing these 
symptoms and discuss the options for safe and 
effective therapies. The topic of vasomotor symp-

toms will be covered in other chapters of this 
book.

�Genitourinary Symptoms 
Associated with Menopause 
and Their Significance

�Physiology

Genitourinary symptoms associated with meno-
pause include vulvovaginal discomfort associated 
with dryness or pain, dyspareunia and urinary 
symptoms such as dysuria [2]. The physiological 
decrease in circulating estrogen in postmenopausal 
women results in a reduction in both vaginal epi-
thelial blood flow and collagen synthesis. Impaired 
vaginal vascularity results in epithelial atrophy, 
causing both reduced vaginal secretions and an 
increased vaginal pH, from a lack of glycogen 
availability for the dominant vaginal lactobacillus. 
Ultimately, these changes result in a shorter, more 
inelastic vagina with a thinner and potentially 
more fragile epithelium [3].

�Prevalence and Significance

Following breast cancer, women may report 
genitourinary symptoms after premenopausal 
bilateral oophorectomy, chemotherapy-induced 
ovarian failure and cessation of menopausal hor-
mone therapy or endocrine therapy [4–6]. While 
not all menopausal symptoms require treatment, 

A. Brennan (*) 
Royal Women’s Hospital, Melbourne, VIC, Australia 

C. L. Loprinzi 
Department of Oncology, Mayo Clinic,  
Rochester, MN, USA 

M. Hickey 
University of Melbourne, Royal Women’s Hospital, 
Melbourne, VIC, Australia

4

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-75377-1_4&domain=pdf
https://doi.org/10.1007/978-3-030-75377-1_4#DOI


40

breast cancer survivors report a higher symptom 
prevalence compared to non-cancer patients and 
greater levels of distress [7]. The burgeoning 
number of breast cancer survivors means that 
safe and effective treatments for these symptoms 
are of growing importance.

Genitourinary symptoms associated with 
menopause may also involve sexual dysfunction, 
related to both the physical and psychological 
implications of a cancer diagnosis. In addition to 
the physical impact of changing estrogen expo-
sure on the genitals, breast cancer treatment may 
also affect sexual wellbeing through changes to 
libido associated with medications, physical 
changes associated with treatment including 
mastectomy, concurrent psychological illness 
such as anxiety or depression and/or relationship 
changes.

�Identification of Symptoms

Given the prevalence of genitourinary symp-
toms among breast cancer patients and the 
potential impact on quality of life, recognition 
of these symptoms is the first important step in 
providing comprehensive care. However, there 
are multiple patient and clinician factors 
impacting the provision of targeted care of 
genitourinary symptoms in breast cancer 
patients. Patients may be reluctant to raise 
these issues and associated sexual dysfunction 
with their care providers. This discomfort may 
be related to the intimate nature of the symp-
toms as well as potential feelings of guilt from 
prioritizing sexual wellbeing during cancer 
treatment [8].

Clinicians report feeling time pressured in 
short consultations where significant issues and 
urgent treatment need to be discussed [9, 10]. 
Furthermore, there is uncertainty about who is 
responsible for managing menopausal symp-
toms, highlighting the need for multidisciplinary, 
holistic care with open communication between 
all team members [5].

Comprehensive, patient-centered care should 
involve a thorough history and examination, pre-

treatment counseling and post-treatment symp-
tom review [5]. Appropriate gynecological 
history and examination should include a men-
strual and sexual history, particularly the pres-
ence of any pre-treatment genitourinary 
symptoms and pre-existing vulval dermatoses. 
Conditions likely to flare during periods of 
immunosuppression should also be noted, includ-
ing cervical dysplasia, condyloma and herpes 
simplex [11]. The gynecological impact of breast 
cancer treatment should be discussed including 
the likelihood and nature of genitourinary symp-
toms, as well as fertility implications for younger 
premenopausal patients.

All clinicians involved in cancer care should 
be encouraged to facilitate ongoing discussions 
about genitourinary symptoms and sexual well-
being with patients, using supportive communi-
cation and open-ended questions. These 
discussions may be facilitated through the use 
of validated tools to assess symptom impact on 
quality of life. A range of tools have been vali-
dated across various cancer streams, with some 
of the most commonly used among women 
including the Day-to-Day Impact of Vaginal 
Aging Questionnaire [12], the Sexual Symptom 
Checklist for Women After Cancer [13], the 
Fallowfield Sexual Activity Questionnaire [14] 
and the PROMIS Sexual Function and 
Satisfaction [15], briefly outlined in Table 4.1. 
These tools allow the identification of signifi-
cant symptoms, evaluation of their impact on 
quality of life, and assessment of treatment effi-
cacy. Clinician-led discussions encourage 
patients to address these issues, facilitating open 
and honest communication and optimizing 
patient care.

�Management

While vaginal estrogen has been shown to be 
the most effective treatment for vaginal dryness 
in the general menopausal population [16, 17], 
the safety of vaginal estrogen after breast cancer 
is not established [18]. Consequently, the man-
agement of genitourinary symptoms will often 
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require a multidisciplinary and patient-centered 
approach involving appropriate counseling and 
patient education, to enable shared  decision 
making. In addition to conservative manage-
ment, pharmacological treatments include both 
non-hormonal and hormonal options, outlined 
below.

�Non-hormonal

�Lubricants and Moisturizers
There is a range of vaginal moisturizers and 
lubricants that have been marketed to reduce gen-
itourinary symptoms. However, there is a lack of 
high-level evidence supporting the use of any 
particular product. Vaginal moisturizers should 
be applied regularly if utilized, and while they 
may offer a small improvement in symptoms, 
recent evidence has failed to demonstrate an 
advantage over placebo in the treatment of geni-
tourinary symptoms of menopause [17]. It is 
important to note that this recent trial found that 
neither vaginal moisturizer nor prescribed vagi-
nal estradiol tablet significantly reduced vulvo-
vaginal symptoms compared to placebo. Some 
women may prefer to trial vaginal moisturizers 
initially prior to considering use of hormonal 
treatment.

Lubricants may be silicone-, water- or oil-
based and aim to reduce pain and discomfort 
associated with penetrative intercourse. While 
high-level comparative data are lacking, one 
small randomized controlled trial demonstrated 
some superiority of silicone-based lubricants in 

reducing discomfort and patient preference for 
these products [19]. Lubricant may also be used 
in conjunction with topical lidocaine applied to 
the vaginal vestibule prior to intercourse, which 
has been shown to reduce dyspareunia and 
improve sexual function in breast cancer survi-
vors [20].

There is growing interest in hyaluronic acid 
vaginal cream, which several small studies have 
shown to be as effective as vaginal estrogen in 
reducing vaginal dryness, itching and dyspareu-
nia [21–23]. However, while it may be a useful 
non-hormonal option, more high-level research is 
needed regarding its safety, including long-term 
outcomes as well as its use in the cancer 
population.

�Vaginal Dilators and Pelvic Floor 
Therapy
Graduated vaginal dilators can be used to gently 
stretch the vagina over time and assist with the 
return of comfortable penetrative intercourse, if 
desired [24]. Their use may also be supported by 
a pelvic floor physiotherapist to aid in pelvic 
muscle relaxation associated with painful inter-
course [25]. Recent preliminary data demon-
strated an intensive program of pelvic floor 
therapy, including both supervised and indepen-
dent practice for 12  weeks, was effective in 
reducing genitourinary symptoms and had posi-
tive impact on quality of life and sexual function 
[26]. There is evidence to suggest that these con-
servative measures work in a complementary 
manner to improve symptoms, but they do require 
continued participation [27].

Table 4.1  Various tools for the assessment of genitourinary symptoms

Tool
Validated in 
cancer patients Symptoms

Review 
period Strength

Day-to-day impact of 
vaginal aging 
questionnaire

No Impact of vaginal 
symptoms on daily 
life

30-day 
recall

Broad impact examined including 
emotional wellbeing and body image

PROMIS sexual function 
and satisfaction

Yes Sexual activity and 
function

30-day 
recall

Customizable to include domains of 
greatest relevance and available in 
other languages

Fallowfield sexual 
activity questionnaire

Yes Sexual activity and 
function

30-day 
recall

Thorough symptom review and 
widely used

Sexual symptom checklist 
for women after Cancer

Yes Sexual activity and 
function

30-day 
recall

Easy to administer and quickly 
identifies most bothersome symptoms
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�Vaginal Laser
The two laser types that have been studied in the 
gynecological context are the microablative 
carbon dioxide laser and the nonablative erbium 
laser. Laser treatment aims to stimulate vascular-
ity and promote collagen synthesis, thereby sup-
porting vaginal epithelial tissue. One recent small 
trial suggested short-term efficacy similar to vag-
inal estrogen but excluded women with a history 
of hormone-sensitive malignancies [28]. 
Retrospective studies evaluating the use of 
monthly laser treatment in breast cancer patients 
with genitourinary symptoms have reported a 
significant reduction in symptoms, particularly 
dyspareunia and dryness, by up to 80% after 
three treatments [29, 30]. Further trials are under-
way with high level evidence on the safety and 
quality of vaginal laser awaited.

However, potential adverse events such as 
vaginal burns, scarring, or pain are noted by the 
FDA, and long-term safety data is lacking. Large 
randomized controlled trials should be under-
taken to confirm both treatment efficacy and 
long-term safety, particularly in the cancer popu-
lation, before routine recommendation can be 
made.

�Selective Estrogen Receptor 
Modulators (SERM)
Ospemifene is a SERM approved for use in the 
treatment of dyspareunia associated with meno-
pause. While it appears to exert estrogenic effects 
on the vagina [31], its safety in women with a 
history of breast cancer has not been established, 
and it is therefore not currently approved for use 
in this population.

�Hormonal

�Systemic Hormone Replacement 
Therapy (HRT)
The general approach to breast cancer manage-
ment has been to minimize circulating estrogen 
levels to prevent the proliferation of breast cancer 
cells, reducing cancer progression and the risk of 
recurrence. Consequently, international guidance 
recommends against the use of systemic HRT in 

breast cancer survivors [2, 32, 33]. This is espe-
cially true of HRT regimens that contain both 
estrogen and progesterone [34, 35].

�Vaginal Estrogen
Vaginal estrogen targets the local (vaginal) area, 
but there is also a small amount of systemic 
absorption. The degree of systemic absorption of 
local therapy depends on a range of factors 
including the potency and amount of active ingre-
dient used, tissue integrity and mode of applica-
tion. Circulating concentrations of estrogens with 
local therapy are substantially lower than sys-
temic hormone therapy and appear to decrease 
over time. One prospective study of vaginal 
estrogen in breast cancer survivors taking aroma-
tase inhibitors showed no increase after 12 weeks 
of vaginal estrogen use compared to baseline lev-
els [36]. The clinical implications of these small 
increases in circulating estrogens are unclear 
[37].

Moreover, while randomized data is lacking, 
observational data from several large studies 
have not shown an increase in breast cancer with 
use of vaginal estrogen therapy [38–40]. Crandall 
et al. used data from over 45,000 women in the 
Women’s Health Initiative Observational Study, 
although excluded women with a personal his-
tory of breast cancer [39]. Le Ray et al. included 
over 13,000 women specifically evaluating the 
risk of breast cancer recurrence [40]. Average 
follow-up in these studies was between 3 and 
6  years, so more longer-term follow-up data 
would be useful.

Consequently, consensus suggests the consid-
eration of vaginal estrogen for women after breast 
cancer with troublesome genitourinary symp-
toms not responding to non-hormonal treatment 
[2, 18, 41]. These treatment decisions should 
involve multidisciplinary discussions with mem-
bers of the treating team and adequate patient 
education regarding current evidence base and 
risk profile to allow informed and shared 
decision-making. Relevant considerations may 
include the grade and stage of cancer, time since 
diagnosis, hormone receptor status and current 
treatment including ovarian suppression, aroma-
tase inhibitors or a SERM such as tamoxifen. 
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This approach may be particularly reasonable in 
patients with hormone receptor-negative cancers 
and in patients on tamoxifen, where there is com-
petition for the estrogen receptor [2]. Vaginal 
estrogen use is harder to support in women on 
aromatase inhibitors, which are designed to 
decrease estrogen levels. However, these women 
often have the most severe genital symptoms. As 
with any pharmacological intervention, treatment 
should aim for use of the lowest dose and shortest 
duration needed to manage symptoms, which 
requires ongoing monitoring.

There are a range of estrogenic products avail-
able including vaginal creams, pessaries and 
rings, depending on the country of treatment. It is 
important to review clinical guidance for up-to-
date dosages, but international guidelines offer 
the following clinical practice guidance [2, 18]: 
There is no strong evidence that one vaginal 
estrogen product is safer or more effective than 
another.

•	 17ß-estradiol cream: 2 g daily for 1–2 weeks 
followed by 0.5–1 g twice weekly

•	 Conjugated equine estrogen cream: continu-
ous use of 0.5  g twice weekly, or cyclical 
treatment 21  days 0.5  g daily followed by 
7 days off

•	 17ß-estradiol ring: 2  mg ring for 90  days, 
releases 7.5μg per day

•	 Estradiol hemihydrate vaginal tablet: 10μg 
tablet daily for 2 weeks followed by 10μg tab-
let twice weekly

�Vaginal DHEA and Testosterone
Dehydroepiandrosterone (DHEA) is a steroid in 
the pathway of testosterone and estradiol produc-
tion. Vaginal administration has been shown to 
improve genitourinary symptoms and sexual 
function via local conversion into testosterone 
and estradiol and has been approved by the FDA 
[42, 43]. However, long-term safety is unknown 
after breast cancer. There have been no head-to-
head trials comparing vaginal DHEA and estro-
gen use in breast cancer survivors. Use of vaginal 
testosterone is not currently recommended [44]. 
The peripheral conversion of testosterone into 
estradiol via aromatase activity has been demon-

strated even in patients taking aromatase inhibi-
tors, and there are no approved formulations for 
use in women.

�Conclusions

Genitourinary symptoms including vaginal dry-
ness, itch and dyspareunia arising in the meno-
pausal period are more common in breast cancer 
survivors. These symptoms may result from sur-
gical menopause, chemoradiation or ongoing 
medical treatment with aromatase inhibitors or 
SERMs. With increasing survival rates, survivor-
ship issues such as the management of genitouri-
nary symptoms are becoming increasingly 
important to improve quality of life after cancer.

A major barrier in the treatment of these 
symptoms is the recognition of their presence. 
Comprehensive, patient-centered care demands 
open discussions between patients and their clini-
cians to identify and effectively treat genitouri-
nary symptoms after cancer. There are a range of 
validated tools to assist clinicians with these dis-
cussions and monitor response to treatment.

The management of these symptoms requires 
a multidisciplinary and patient-centered approach 
involving appropriate counseling and patient 
education to enable shared decision making. All 
members of the treating team should be involved 
in these decisions including oncologists, gyne-
cologists, general practitioners and cancer nurses.

�Practice Points

•	 Use open-ended questions and supportive lan-
guage to enquire about genitourinary symp-
toms in breast cancer survivors.

•	 First-line treatment should involve non-
hormonal conservative management including 
vaginal moisturizers, lubricants, vaginal dila-
tors, and physical therapy with pelvic floor 
muscle relaxation techniques.

•	 Vaginal estrogen may be considered as a 
second-line treatment for women with signifi-
cant symptoms not responding to first-line 
treatments. This should be done in consulta-

4  Management of Genital Symptoms
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tion with the treating oncologist and ensuring 
appropriate patient education to allow shared 
decision making.

•	 Long-term safety data in the breast cancer-
specific population should be undertaken for 
other available treatments including vaginal 
laser therapy and vaginal DHEA.
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Sexual and Reproductive Health 
Concerns
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According to the World Health Organization, sex-
ual health is “a state of physical, emotional, mental 
and social well-being in relation to sexuality; it is 
not merely the absence of disease, dysfunction or 
infirmity.” [1] Sexual and reproductive health can 
be profoundly impacted by breast cancer diagno-
sis and treatments [2, 3]. Rates of sexual dysfunc-
tion are significantly higher among breast cancer 
survivors compared to rates among similarly aged 
women without a cancer history [3–7]. Among 
breast cancer survivors, 32–93% of women report 

sexual problems [6, 8, 9] and 27% to 88% report 
body image concerns [10]. For women of repro-
ductive age, treatments for breast cancer may also 
negatively impact fertility [11]. Breast cancer 
treatment-related changes in sexual and reproduc-
tive health are associated with significant distress 
and often negatively impact women’s emotional 
well-being, relationships, sense of self, and over-
all quality of life [10, 12–15]. The biopsycho-
social approach (see Fig.  5.1) to understanding 
and treating sexual problems highlights the com-
plex interplay among the biological (e.g., body 
changes, hormonal alterations, pain), psychologi-
cal (e.g., emotional distress, perceptions of body 
and self), interpersonal (e.g., relationship dynam-
ics and quality, communication difficulties), and 
socio-cultural (e.g., cultural norms, religious 
influences, background or upbringing) factors 
that contribute to sexual function and well-being 
[16]. Because sexuality and the implications of 
sexual problems are complex, a multidisciplinary 
approach is often required to address the multiple 
facets that can affect and are affected by sexual 
and reproductive health changes. This chapter 
provides information regarding female sexual 
response, the impacts of breast cancer treatments 
on sexual function, approaches for assessment 
and evaluation of sexual problems, strategies for 
managing sexual problems, and the management 
of fertility concerns among breast cancer survi-
vors. Routinely asking about sexual problems and 
facilitating appropriate referral and treatment for 
sexual difficulties demonstrates that sexuality is 
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recognized as an important and valued aspect of a 
woman’s health and well-being.

�Female Sexual Function

Beginning with the work of Masters and Johnson 
in the 1960s, researchers have been working to 
understand the interrelated physiological stages 
of female sexual response [17–19]. Although 
research is ongoing and a full consensus on these 
stages is yet to be reached, the following are the 
most consistently agreed upon components of 
typical human sexual response:

•	 Desire or interest
•	 Physiologic arousal
•	 Orgasm
•	 Resolution

Breast cancer survivors can experience dis-
ruptions in all aspects of sexual response [10]. 
Many breast cancer survivors (39–71%) report 
experiencing a significant decline in sexual desire 
after cancer treatment [7, 10, 20, 21], with 
approximately 35% reporting no interest in sex 
[5, 22]. Difficulty experiencing subjective arousal 
and problems with lubrication are extremely 
common (up to 74% of women) [7, 20, 21], espe-
cially among breast cancer survivors treated with 

chemotherapies or endocrine therapies [13]. 
Problems experiencing sexual pleasure are fre-
quently reported (64% to 77% of breast cancer 
survivors) [20, 23], with a significant proportion 
of breast cancer survivors experiencing difficulty 
with orgasm (e.g., 42% of women met criteria for 
orgasmic dysfunction in a study of early-stage 
breast cancer survivors) [7]. Many breast cancer 
survivors report decreased sexual satisfaction 
[20, 23, 24]. Disruptions in the sexual response 
cycle may contribute to significant declines in 
sexual activity reported by women following 
breast cancer (e.g., 75%) [20, 23], with almost 
30% of breast cancer survivors reporting no 
engagement in sexual activity [6, 8, 9, 21, 22].

While Masters and Johnson’s model concep-
tualized the stages of sexual response as occur-
ring linearly, more recent models describe a 
complex circular sexual response cycle. For 
example, Basson [17] recognized that desire is 
not always present prior to the initiation of sexual 
activity, especially in women, and thus differenti-
ated between spontaneous sexual desire and 

Box 5.1 Description of terms

Sexual 
health

State of physical, emotional, 
mental, and social well-being in 
relation to sexuality; it is not 
merely the absence of disease or 
dysfunction

Sexual 
dysfunction

Persistent, recurrent difficulty 
with sexual response, desire, 
orgasm, or pain that has been 
present for at least 6 months is 
associated with patient-reported 
distress

Sexual 
problems

Difficulty with sexual response, 
desire, orgasm, or pain that may 
interfere with sexual activity and/
or cause distress, but does not 
meet criteria for a sexual 
dysfunction

Sexual 
response

Refers to the physical and 
psychological changes that occur 
with sexually stimulating 
activities. The phases of sexual 
response are typically described 
as including desire, arousal, 
orgasm, and resolution

Biological Psychological

Socio-cultural Relational

•  Cancer treatments
•  Medications
•  Hormonal status
•  Health conditions
•  Age

•  Cultural norms
•  Religious influences
•  Background or
   upbringing

•  Relationship status
•  Relationship quality
•  Life stressors
•  Partner’s sexual
   function

•  Depression
•  Anxiety
•  Fear of recurrence
•  Self-image
•  Trauma history

Fig. 5.1  Biopsychosocial factors impacting sexual 
function
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receptive or “responsive” desire. Inclusion of the 
concept of receptive desire within the conceptu-
alization of sexual response acknowledges that 
the motivation to engage in sex is complex and 
can be related to other factors such as emotional 
intimacy rather than a simplistic biologically 
driven or pleasure-driven motivation for sex. 
Basson’s model also recognized that a person 
may be sexually satisfied with or without experi-
encing orgasm if other factors are driving desire 
or satisfaction (e.g., feeling cared for by their 
partner). Basson’s conceptualization of the sex-
ual response cycle can be particularly helpful in 
guiding discussions about sexual health problems 
with breast cancer survivors who are experienc-
ing changes in desire, arousal, and/or orgasm. For 
example, a woman whose sexual interest and 
experiences of arousal were largely driven by 
spontaneous desire prior to treatment may benefit 
from education about the different types of desire 
(i.e., spontaneous and receptive) and how they 
operate differently. Providing this education, in 
addition to normalizing the sexual changes often 
experienced after treatment, can help women to 
understand that desire is likely, still present but 
may have shifted from spontaneous desire to pre-
dominantly receptive desire.

Moving beyond describing stages of sexual 
response, Bancroft and colleagues proposed the 
Dual Control Model for understanding how 
women build sexual desire and arousal [25]. This 
model proposes that this building process relies 

on an interaction between excitatory and inhibi-
tory processes. When describing this to patients, 
the language of having a gas pedal (i.e., excit-
atory) and brake pedal (i.e., inhibitory) is often 
useful [26]. Factors that may increase excitatory 
processes for an individual could include feeling 
safe or feeling supported by their partner, inter-
acting with sexual content (e.g., television, mov-
ies), or touch. Factors that may contribute to 
inhibitory processes could include anxious 
thoughts, trauma, relationship conflict, or 
changes in body image related to treatment expe-
riences such as body-altering surgeries and treat-
ments impacting vaginal dryness. In order to 
build desire and arousal, excitatory processes 
must be prominent and outweigh inhibitory pro-
cesses [25]. Evidence suggests that inhibitory 
processes play a more prominent role in female 
sexual desire and arousal. Thus, the factors that 
are activating the “brake pedal” often play a 
larger role in desire and arousal difficulties than 
factors that activate the “gas pedal” [26].

�Impacts of Breast Cancer 
Treatments on Sexual Function

�Breast Surgery

It is widely accepted that the breast can be a sen-
sual organ, and breast sensation frequently 
changes after breast cancer surgery (including 
mastectomy and breast-conserving procedures). 
Altered breast sensation can result in decreases in 
arousal from breast stimulation and less sexual 
satisfaction [27, 28]. Scarring, nerve damage, and 
lymphedema are also potential side effects of 
breast cancer surgery, which may lead to sexual 
difficulties. Surgical breast procedures can be 
accompanied by persistent post-surgical pain, 
and dissatisfaction with cosmetic outcomes can 
negatively impact body image [29–31]. Some 
research suggests that women who undergo 
mastectomy report lower sexual satisfaction 
compared to women who undergo breast con-
serving surgery or reconstruction, but findings 
are inconsistent [32, 33]. For example, one study 
found that women reported significantly reduced 

Box 5.2 Sexual desire

Spontaneous 
desire

Seemingly sudden wanting or 
urge for sexual activity, sexual 
fantasy, or sexual thoughts. 
Individuals may also 
experience associated body or 
genital sensations.

Receptive or 
responsive 
desire

Experience of sexual interest 
or desire that occurs when a 
person interacts with sexual 
stimuli (e.g., thoughts, visual 
stimuli, touch) or participates 
in sexually stimulating activity.
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sexual desire, arousal, and orgasm after mastec-
tomy, while women who had breast-conserving 
surgeries did not experience significant changes 
in sexual function [34]. Yet other studies have 
found that rates of sexual dysfunction are compa-
rable in women who had mastectomy and women 
who had breast-conserving surgery [7]. These 
inconsistent findings may suggest that additional 
factors beyond type of surgery confer risk for 
sexual dysfunction (e.g., body image, pain, psy-
chological adjustment, response of partner, or 
partner status) [10]. Several studies have 
accounted for adjuvant therapies such as chemo-
therapy, radiation, and endocrine therapies when 
examining surgical side effects and suggest 
cumulative sexual side effects when receiving 
multiple types of treatment [7].

�Radiation Therapy

Little empirical work has investigated the impact 
of breast radiation on sexual function. Research 
to date suggests that breast radiation can result in 
fatigue, pain, and long-term tissue and skin 
changes that subsequently impact aspects of sex-
ual function including desire and arousal [15]. 
Side effects of radiation therapy that can nega-
tively impact body image and women’s sexuality 
include lymphedema, scarring, and burns [14, 
35]. The chest region can become inflamed, ten-
der, swollen, dry, or sensitive during treatment 
[10], with some changes persisting post-
treatment. These effects impact women’s body 
image and sexual desire for years after treatment 
completion [35].

�Chemotherapy

The acute and long-term side effects of chemo-
therapy negatively impact breast cancer survi-
vors’ sexual function. During the course of 
chemotherapy, low white cell blood counts are a 
common, transient side effect, which confers risk 
for infection, and patients may be advised to use 
barrier methods of protection (i.e., condoms) or 
to refrain from intercourse in the setting of neu-

tropenia. Side effects from chemotherapy that 
can impact body image and self-esteem include 
weight gain or loss, alopecia (hair loss), and gen-
eralized edema [35–38]. The changes women 
experience during chemotherapy can have nega-
tive impacts on sexual self-image, sexual func-
tion, and sexual relationships (e.g., response of 
sexual partner to physical changes during treat-
ment could impact the relationship) [2]. Women 
also may experience suppression of ovarian func-
tion, which can result in decreased sexual desire, 
arousal, and lubrication as well as vaginal pain 
[39–41]. Chemotherapy can result in premature 
ovarian failure for 30–96% of premenopausal 
women [42], with the highest risk found among 
women who received alkylating agents (e.g., 
cyclophosphamide) and those older than 40 years 
[42, 43]. Early menopause and reductions in 
estrogen place women at increased risk for sexual 
problems [37, 44]. Research suggests 
chemotherapy-induced menopause significantly 
predicts sexual dysfunction and sexual inactivity 
among breast cancer survivors [6]. Chemotherapy-
related depletion of reproductive hormones can 
have profound negative impacts on vulvar and 
vaginal health [13]. Resulting vulvovaginal 
changes and atrophy are characterized by 
decreased blood flow, thinning of the epithelium, 
decreased vaginal secretions, pH increases, loss 
of vaginal rugae, and loss of collagen and elastin 
that lead to vaginal shortening or narrowing and 
tissue that can become pale, smooth, and fragile 
[45]. Chemotherapy-induced menopause can 
also cause symptoms such as extreme fatigue, 
gastrointestinal or genitourinary concerns, sexual 
pain, and hot flashes, which can negatively 
impact sexual function [10, 35, 37, 46–48].

�Endocrine Therapy

Endocrine therapy refers to medications and 
interventions that augment or block actions of 
hormones. For breast cancer, this includes medi-
cations (e.g., tamoxifen or aromatase inhibitors) 
which block the action or production of estrogen. 
As therapy for hormone receptor positive, early-
stage breast cancer, endocrine therapy is recom-
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mended because it decreases risk of breast cancer 
recurrence and death [49]. The therapy type var-
ies by whether women are pre- or post-
menopausal. Endocrine therapy, for 5–10 years, 
is standard of care for women with hormone 
receptor positive breast cancer, which comprises 
about 80% of breast cancers [49]. Endocrine 
therapy increases the risk for sexual dysfunction 
and is associated with profound changes in all 
aspects of sexual function including desire, 
arousal, orgasm, and sexual self-image [13, 50, 
51]. Women taking endocrine therapy are likely 
to experience significant vulvovaginal changes 
(i.e., decreased blood flow; epithelial thinning; 
decreased vaginal secretions and vaginal dryness; 
pH increases; loss of rugae, collagen and elastin) 
resulting in vulvovaginal atrophy and vaginal 
shortening or narrowing. Additional common 
sexual side effects of adjuvant endocrine thera-
pies for breast cancer include vaginal and vulvar 
pain and discomfort, hot flashes, and decreased 
sexual desire and responsiveness [15, 52, 53]. 
These side effects significantly contribute to lack 
of sexual interest and poor sexual satisfaction [5].

Research suggests that both tamoxifen and 
aromatase inhibitors contribute to reduced sexual 
desire [50], and rates of distress and sexual prob-
lems related to endocrine therapy are highest 
among younger women [54]. While both tamoxi-
fen and aromatase inhibitors contribute to the 
vulvovaginal changes described above, women 
taking aromatase inhibitors experience vulvar 
and vaginal atrophy and dyspareunia (i.e., painful 
intercourse) at higher rates than women who are 
prescribed tamoxifen [55, 56]. Women who take 
aromatase inhibitors are also more vulnerable to 
lichen sclerosis [13], which is a perineal skin 
condition that results in itching and burning as 
well as thin, crinkled tissue prone to injury and 
scarring [57, 58]. For premenopausal breast can-
cer survivors on endocrine therapy who are 
receiving medications to suppress ovarian func-
tion (i.e., leuprolide, goserelin), evidence indi-
cates that treatment-related sexual dysfunction 
can be severe; all aspects of sexual function (i.e., 
desire, arousal, orgasm, resolution) are impacted, 
loss of sexual satisfaction is common, and 
treatment-related sexual problems do not improve 

over time [59]. Some premenopausal breast can-
cer survivors with hormone-receptor-positive 
breast cancer may undergo oophorectomy, which 
can also negatively impact all aspects of sexual 
function and result in severe genitourinary diffi-
culties [46, 47], including vulvovaginal dryness 
and atrophy, dyspareunia, and urinary symptoms 
[60]. Oophorectomy can also impact women’s 
sense of self and femininity [5, 10].

�Assessment of Sexual Problems

Because treatments for breast cancer often result 
in sexual health changes, routine assessment of 
sexual health is an essential part of high-quality 
survivorship care [14]. Current National 
Comprehensive Cancer Network (NCCN) guide-
lines highlight the importance of assessing sexual 
health in every woman, not only at the time of 
diagnosis and during treatment but also after 
treatment completion and in longer-term survi-
vorship [61]. A woman can experience sexual 
problems, regardless of age, partner status, or 
current sexual activity. Routinely asking about 
sexual problems can help to facilitate early iden-
tification, referral, and treatment for sexual diffi-
culties. It also demonstrates that sexuality is 
recognized as an important and valued aspect of 
a woman’s health and well-being. It is important 
for providers to indicate that they are open to dis-
cussing and addressing sexual health problems as 
part of routine care.

When caring for breast cancer survivors, it is 
essential to have a clear strategy for initiating dis-
cussions about sexual problems, providing appro-
priate resources, and providing recommendations 
for treatment and follow-up care. A number of 
models have been developed to help guide both 
the assessment and management of sexual health 
problems including the Permission, Limited 
Information, Specific Suggestions, and Intensive 
Therapy (PLISSIT) model; [62] the Bring up, 
Explain, Tell, Timing, Educate and Record 
(BETTER) model; [63] and the 5As Model (see 
below) for sexual health in cancer [14]. An expert 
group from the Scientific Network on Female 
Sexual Health and Cancer (SNFSHC) recently 
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endorsed the 5 As communication model specifi-
cally for addressing the sexual problems of can-
cer survivors in medical settings. The 5 As model 
extends beyond the PLISSIT and BETTER mod-
els to provide clear steps for both assessment and 
delivery of appropriate resources or recommen-
dations. The five elements of this model include 
Ask, Advise, Assess, Assist, and Arrange 
Follow-up [14]. Table 5.1 gives an overview of 
this model as applied to sexual health problems.

Ask highlights the importance of bringing 
up the topic of sexual problems and validat-
ing the patient’s experience. Advise refers to 
providing patients with information about their 
concerns, educating patients about possible treat-
ment options, and normalizing their concerns. 
Although providers may not be able to answer 
all questions or know of all available treatment 
options, providers can convey that they are open 
to talking about sexual problems and helping 
patients find appropriate resources (e.g., educa-
tional information, referral). Providers can also 
reassure patients that sexual health problems 
can be discussed presently or in the future, and 
the timing of addressing sexual health problems 
can be based on the patient’s preference. Assess 
focuses on the importance of fully evaluating 
the patient’s sexual health problems, which may 
include clinical conversation, taking a history, 
conducting a symptom assessment, physical 
exam, and/or other clinical evaluation. Including 
symptom checklists or validated screening mea-
sures (described below) can facilitate assessment, 
help to decrease stigma associated with sexual 
problems, and help to identify specific concerns 
the patient might have. Assist refers to providing 
patients with education, informational resources, 
treatment recommendations, and referral to addi-
tional resources as needed. For breast cancer 
survivors, evidence suggests that without inter-
vention, sexual problems will not improve and 
their impact will likely worsen over time [64, 
65]. While many patients will benefit from edu-
cation or simple interventions (e.g., specific strat-
egies for managing vaginal dryness) [66], it is 
also important to have multidisciplinary referral 
resources available (e.g., gynecology, urology, 
pelvic floor physical therapy, and psychotherapy 

or counseling) [14]. Finally, arrange follow-up 
underscores the importance of routine follow-
up when addressing sexual problems. Follow-up 
is needed to assess for changes in symptoms, 

Table 5.1  The 5 As model for sexual health after cancer 
developed by a working group of the Scientific Network 
on Female Sexual Health and Cancer (SNFSHC)

5 As Description
Ask Provide validation to the patient by letting 

them know that changes in sexual health 
are common. Ask the patient about changes 
they may have experienced (e.g., After 
breast cancer treatment, many women 
experience changes or have concerns about 
sexual health. What have you experienced? 
What concerns do you have?)

Advise Reassure patients by normalizing their 
concerns, letting them know that treatment 
options exist, and that sexual concerns can 
be discussed at this time or any time in the 
future.

Assess Provide routine assessment of sexual 
concerns as part of survivorship care.

• �� Using a symptom checklist with items 
related to sexual health can help to 
decrease stigma associated with sexual 
dysfunction and identify specific 
concerns.

• �� For survivors with sexual concerns or 
who express interest, a complete 
evaluation should be conducted 
including taking a history, assessment 
of current medical status, review of 
medications, and physical examination.

• �� If aspects of the evaluation cannot be 
conducted by the oncology provider 
team, breast cancer survivors should be 
referred to appropriate specialty 
providers to complete these components.

Assist Provide patients with education, 
informational resources, treatment 
recommendations, and referral to 
additional resources as needed (e.g., 
gynecology, pelvic physical therapy; 
psychotherapy).

Arrange 
follow-up

Schedule follow-up visits, and establish 
practice routines that ensure patient’s 
sexual health concerns, access to care, and 
engagement in care are routinely 
monitored. It is important to initiate 
follow-up discussions about sexual health 
concerns at subsequent visits.

Note: A complete description of the model and associated 
resources can be found in the following publication: 
Bober et al. [14]
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the development of new sexual problems, the 
patient’s use of referral resources or recom-
mended treatments, and additional education as 
needed.

�Screening Measures

In addition to clinical recognition of the issue, 
obtaining a brief assessment using validated 
measures can help to identify sexual health prob-
lems and assess changes in sexual health over 
time (see Table 5.2) [51]. It is important to note 
that the use of screening measures can help to 
facilitate the clinical conversation and assess-
ment, but such measures do not replace a clinical 
evaluation.

When screening for sexual problems, a screen-
ing measure specifically designed to assess sex-
ual problems is needed, as general distress 
screening tools often miss the majority of patients 
with sexual problems [67]. A brief checklist for 
identifying the presence of sexual problems or 
concerns in the clinical setting was developed by 
an international collaboration of sexual medicine 
experts in 2004 [68] and was further adapted for 
women with cancer by the expert group from 
SNFSHC who modified the 5As model above 
[14]. This brief checklist (completion 

time  <  5  minutes) can be used as a self-report 
measure, or used by providers as part of clinical 
conversation about sexual difficulties. The check-
list asks about sexual satisfaction, vaginal health 
concerns, sexual interest, sensation, lubrication, 
orgasm, pain and discomfort, anxiety about sex, 
and interest in discussing these concerns with a 
provider. A copy of the checklist and related 
resources are provided in the SNFSHC group’s 
2016 publication [14] and in the recent NCCN 
survivorship guidelines regarding female sexual 
function [61].

For breast cancer survivors with sexual diffi-
culties, assessment using multidimensional mea-
sures of sexual function and well-being should be 
considered. Table 5.2 provides a summary of sev-
eral patient-reported sexual function measures. 
The Female Sexual Function Index (FSFI) [69] is 
a widely used measure of sexual function that has 
been validated in female cancer survivors [70, 
71]. The FSFI includes 19 items that assess func-
tion over the past 4  weeks in the domains of 
desire, arousal, lubrication, orgasm, satisfaction, 
and pain. The FSFI is a measure with cut-off 
scores that indicate clinically significant sexual 
problems [69]. The FSFI, instructions for its use, 
and scoring are available at https://www.
FSFIquestionnaire.com. It is important to note 
that the FSFI has several limitations when used to 

Table 5.2  Screening measures of sexual function and foncerns

Measure
Number 
of items

Time 
Frame Domains Cut-off scores

Completion 
time

Brief Sexual 
Symptom Checklist 
for Women [68]

4 Past 
3 months

Satisfaction; concerns about vaginal 
health; sexual problems checklist (i.e., 
interest, sensation, lubrication, orgasm, 
pain, anxiety); need for information or 
referral

None available < 5 minutes

Female Sexual 
Function Index 
(FSFI) [69]

19 Past 
4 weeks

Desire; arousal; lubrication; orgasm; 
satisfaction; pain

Score ≤ 26 
indicate risk of 
sexual problem

10–
15 minutes

PROMIS Sexual 
Function and 
Satisfaction Full 
Profile [72]

25 Past 
30 days

Interest; lubrication; vaginal 
discomfort; labial discomfort; clitoral 
discomfort; orgasm ability; orgasm 
pleasure; satisfaction; oral discomfort; 
oral dryness; anal discomfort

None available
(T-score 
conversion 
available)

15 minutes

PROMIS Sexual 
Function and 
Satisfaction Brief 
Profile [74]

13 Past 
30 days

Interest; lubrication; vaginal 
discomfort; labial discomfort; clitoral 
discomfort; orgasm ability; orgasm 
pleasure; satisfaction

None available
(T-score 
conversion 
available)

10 minutes
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assess sexual problems in breast cancer survi-
vors. The FSFI is unable to differentiate between 
women with sexual difficulties versus those who 
are sexually inactive for other reasons. The FSFI 
does not assess sexual difficulties related to the 
specific impacts of cancer treatments, and it does 
not provide information about the use of sexual 
interventions or aids that can help manage sexual 
difficulties.

A newer measure is the PROMIS Sexual 
Function and Satisfaction (PROMIS SexFS) 
scale [72–74]. Developed for patients with can-
cer and validated in women with breast cancer, 
the PROMIS SexFS offers full and brief profile 
versions that assess function and satisfaction 
over the past 30 days. The PROMIS SexFS mea-
sures can be used for survivors who are sexu-
ally active with a partner and for those without a 
partner, and these measures have been validated 
among individuals who are identified as hetero-
sexual or straight, lesbian, gay, or bisexual. The 
PROMIS SexFS Full Profile includes 25 items 
and assesses eleven domains: sexual interest, 
lubrication, vaginal discomfort, labial discom-
fort, clitoral discomfort, orgasm ability, orgasm 
pleasure, orgasm satisfaction, oral discomfort, 
oral dryness, and anal discomfort. The PROMIS 
SexFS Brief Profile includes 13 items and 
assesses the domains covered in the Full Profile 
with the exception of oral discomfort, oral dry-
ness, and anal discomfort. The PROMIS SexFS 
item bank also includes additional scales that 
can be used to assess the use of sexual aids or 
interventions. Custom short forms can be made 
by selecting any items from the PROMIS SexFS 
item bank and can be scored using the PROMIS 
Scoring Service which can be accessed online. 
While the PROMIS SexFS assesses sexual dif-
ficulties related to the impacts of cancer treat-
ments, it does not have established cut-off scores 
to indicate clinically significant sexual problems. 
PROMIS Full and Brief Profile scores can be 
converted into T scores, which rescale the raw 
score into a standardized score with a mean of 50 
and a standard deviation (SD) of 10. Therefore, a 
person with a T-score of 40 is one SD below the 
mean indicating lower than average sexual func-
tion and well-being. The PROMIS measures and 

additional scales/items, instructions for use, and 
scoring are available at https://www.healthmea-
sures.net/index.php.

�Clinical Evaluation

NCCN guidelines recommend comprehensive 
evaluation for women who report sexual prob-
lems or those who express interest in further eval-
uation of sexual health [61]. A comprehensive 
clinical evaluation is needed to identify and 
address the range of sexual problems breast can-
cer survivors might experience. Along with the 
direct and indirect impacts of breast cancer treat-
ments on sexual function, the causes of sexual 
problems are often multifactorial including bio-
logical, psychological, relational, and sociocul-
tural factors [75, 76]. A comprehensive clinical 
evaluation should consider the range of biopsy-
chosocial factors (see Fig.  5.1) that might con-
tribute to sexual problems so that appropriate 
recommendations and referrals can be made. In 
addition to the assessment of symptoms and sex-
ual problems, a comprehensive clinical evalua-
tion should involve taking a history, assessment 
of current medical status, review of medications, 
and physical examination [61, 66, 77]. If aspects 
of a comprehensive clinical evaluation for sexual 
health, as described below, cannot be conducted 
by the oncology provider team, breast cancer sur-
vivors should be referred to appropriate specialty 
providers to complete these components of the 
evaluation (e.g., gynecology, pelvic floor physi-
cal therapy, counseling or psychotherapy, sex 
therapy, psychiatry, urogynecology, or reproduc-
tive endocrinology). For example, if contributing 
factors related to depression and relationship dis-
tress are identified, the survivor could be referred 
to a sex therapist or other mental health profes-
sional for further evaluation.

Evaluation of Sexual Problems  Review of the 
survivor’s current sexual problems should be 
conducted in detail, including the difficulties she 
is experiencing related to sexual desire, arousal, 
orgasm, and sexual pleasure, as well as experi-
ences of pain or discomfort during sex [14, 66, 
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76, 78]. When enquiring about sexual desire, it is 
important to ask about experiences of both spon-
taneous and receptive desire, and to clarify 
whether the survivor is experiencing a normal 
variation in sexual response versus sexual dys-
function. For example, a survivor who reports 
experiencing spontaneous or receptive desire but 
reports a desire discrepancy between herself and 
her partner is most likely describing a normal 
variation in sexual response rather than a sexual 
dysfunction. When asking about arousal difficul-
ties, it is important to assess both subjective feel-
ings of arousal (e.g., feeling “turned on”) and 
physical responses associated with arousal (e.g., 
lubrication, warmth). For orgasm, both the pres-
ence (i.e., is orgasm possible when desired) and 
quality of orgasm (e.g., is it pleasurable, very 
delayed, weak/non-intense, or painful) should be 
evaluated. Review whether desired sexual activi-
ties are possible (e.g., is intercourse possible). 
For women reporting pain, further clarification is 
needed about when pain is experienced (e.g., 
with and/or without touch, during penetrative 
activity), location and depth (e.g., insertional or 
deeper pain), quality of pain (e.g., burning, stab-
bing, etc.), constancy, timing (during and/or after 
sexual activity), and factors that exacerbate pain 
(e.g., partner’s ejaculation fluid, deep thrusting). 
For all sexual problems, it is important to ask 
about the duration of difficulties (e.g., lifelong, 
onset after cancer treatments) and ascertain 
whether difficulties occur in general or only in 
specific situations (e.g., during self-stimulation 
or only during partnered activity). Enquire about 
other factors that might be negatively impacting 
sexual function or reasons for avoiding sex, con-
sidering aspects of the biopsychosocial model 
(see Fig. 5.1). Factors to consider include sexual 
self-image and body image, experiences of dis-
tracting thoughts or negative emotions during 
sex, relationship status and quality, sexual dys-
function of the partner, and other significant life 
stressors.

Historical Assessment  When taking a history, 
the breast cancer survivor’s oncologic, medical, 
psychosocial, and sexual and reproductive health 
history should be included. Review of oncologic 

history would include breast cancer diagnosis 
(e.g., stage, hormone-receptor status), surger-
ies, local radiation therapy, systemic therapy 
(endocrine and chemotherapy), and history of 
diagnosis and treatment for other malignancies. 
It is also important to assess the presence of any 
preexisting gynecologic conditions, dermato-
logical conditions of the genitals, genitourinary 
symptoms, sexually transmitted illnesses, and 
conditions likely to be impacted by periods of 
immunosuppression such as with chemotherapy 
(e.g., cervical dysplasia, condyloma, and herpes 
simplex) [78].

Current Medical Status  When assessing the 
survivor’s current medical status, special atten-
tion should be given to health conditions that 
can impact sexual function. Table 5.3 provides 
an overview of the sexual function impacts of 
common chronic health conditions. 
Consideration should also be given to the assess-
ment of the cardiorespiratory function, mobility, 
and continence requirements for sexual activity 
(including intercourse, self-stimulation, and 
orgasm) [78].

Review of Medications  In addition to the 
impacts of endocrine therapy on sexual function, 
many commonly used medications may nega-
tively impact sexual function. For example, dif-
ficulties with sexual desire, arousal, and orgasm 
are frequently experienced with selective sero-
tonin reuptake inhibitor use, with 30–70% of 
women reporting these side effects [79]. Table 5.4 
provides an overview of the sexual side effects 
associated with common medications.

Physical Examination  A full physical exami-
nation, including a genital/pelvic examination, 
should be completed. If the oncology provider 
team is unable to complete a genital/pelvic 
examination, the breast cancer survivor should 
be referred for a gynecologic exam. For survi-
vors reporting pelvic or vulvovaginal pain (with 
or without sexual activity), a physical exam is 
particularly important. Physical exams are also 
important for women taking aromatase inhibi-
tors, as they are at increased risk for lichen 
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Table 5.3  Medical conditions that may impact sexual function

Condition Impact on sexual function
Cardiovascular disease
Coronary artery 
disease

Decreased arousal [76, 79, 187]

Hypertension Decreased desire [76, 79, 187], decreased lubrication, difficulty with orgasm [78, 188]
Hyperlipidemia Decreased arousal, decreased lubrication, difficulty with orgasm, less satisfaction [189]; 

increase in vascular resistance in clitoris has been found [190]
Heart failure Decreased desire, decreased lubrication, difficulty with orgasm; increased frequency of 

unsuccessful intercourse; fear regarding safety of having sex; lack of energy and decreased 
exercise capacity reduce the ability to be sexually active [191]

Myocardial 
infarction

Decreased desire, decreased arousal; fear regarding safety of having sex; lack of knowledge 
about sexual activity after myocardial infarction [78, 192]

Stroke Decreased desire, decreased lubrication, difficulty with orgasm; greater sexual dysfunction in 
hemiplegic vs. hemiparetic patients; stroke-related impacts that can affect sexual function 
(physical limitations, urinary incontinence, excess salivation, facial changes, and body image 
concerns) [193]

Endocrine disease
Diabetes mellitus Decreased desire, decreased lubrication, difficulties with orgasm [76, 194, 195]; increased 

levels of dyspareunia [194]; comorbid depressive symptoms may impact sexual function [78, 
195]

Metabolic syndrome Decreased desire, difficulty with orgasm; higher prevalence of sexual inactivity; less 
satisfaction [196]

Hypothyroidism Decreased arousal, decreased lubrication, difficulties with orgasm; increased pain; less 
satisfaction [195, 197]

Hyperthyroidism Decreased arousal, decreased lubrication, difficulties with orgasm; increased pain; less 
satisfaction [195]

Adrenal 
insufficiency

Decreased or loss of desire; less satisfaction [195]

Cushing’s syndrome Decreased desire, decreased arousal, decreased lubrication, difficulty with orgasm; less 
satisfaction; body image concerns [195]

Musculoskeletal conditions and chronic pain
Osteoarthritis Body/joint pain, joint stiffness, decreased mobility, and fatigue may interfere with sexual 

activity [198]
Fibromyalgia Decreased desire, decreased arousal; body pain, impaired mobility, and fatigue may interfere 

with sexual activity [199]
Low back pain Decreased desire; body pain and impaired mobility may interfere with sexual activity [199]
Osteoporosis Frailty; fear of injury during sexual activity; musculoskeletal pain, decreased trunk and 

extremity strength, decreased endurance, and fatigue may interfere with sexual activity [199, 
200]

Rheumatic Disease
Rheumatoid arthritis Decreased desire; genital pain and tissue changes; body/joint pain, reduced mobility, and 

debility (e.g., cannot use hands) may interfere with sexual activity; self-image concerns [78, 
199]

Systemic sclerosis Vaginal dryness, loss of elasticity, ulcerations, dyspareunia [78]
Gynecologic conditions
Dermatologic 
conditions of the 
genitals

Genital pain associated with vulvar lichen sclerosus, vulvar eczema, psoriasis, or other 
condition [76]

Sexually transmitted 
Illnesses

Fear of transmission; fear of disclosure; feelings of stigma; relationship avoidance; reduced 
sense of intimacy; for HIV, lack of desire, less satisfaction, and less frequent activity; for 
genital herpes, lesions that prevent activity [201]

Chronic pelvic pain Pain [76]
Pelvic organ 
prolapse

Decreased desire, decreased arousal, difficulty with orgasm; increased sexual pain; associated 
urinary and bowel symptoms that interfere with sexual function [202]
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Table 5.3  (continued)

Condition Impact on sexual function
Endometriosis Decreased desire, decreased arousal, difficulty with orgasm; increased sexual pain; fear of 

sexual pain; less satisfaction [203]
Urinary problems
Urinary 
incontinence

Decreased desire, decreased arousal, poor lubrication; painful sexual intercourse; less 
satisfaction; body image concerns; avoidance of intimacy; embarrassment due to incontinence 
[202]

Urinary tract 
infections

Avoidance of intimacy due to fear of infection; impacts of associated emotional distress and 
low self-esteem [202]

Lower urinary tract 
symptoms

Sexual pain; poor lubrication; genital inflammation [202]

Overactive bladder Decreased desire, decreased arousal; poor lubrication; difficulty with orgasm; sexual pain 
[204]

End-stage renal 
disease or renal 
failure

Decreased desire or loss of desire; poor lubrication; sexual pain; comorbid conditions that 
impact sexual function (e.g., depression, cardiac disease, diabetes); impact of associated 
symptoms (fatigue, nausea, bodily pain) [76, 78]

Inflammatory bowel 
disease

Decreased desire, difficulty building arousal, difficulty with orgasm; sexual pain; body image 
concerns; interference of associated depressive symptoms; medication side effects [205]

Neurological disease
Spinal cord and 
cauda equina injury

Desire often retained; impairment in sexual function will depend lesions/injury location; 
orgasm often lost with upper motor neuron damage; loss of reflex lubrication and physical 
sensations from genital stimulation with lower lesions (S2, 3, 4 nerve roots); complete loss of 
genital sensation (as well as bladder and bowel control) with cauda equine injury [78]

Multiple sclerosis Brain and spinal cord damage can impede desire, decrease vaginal/genital sensation and 
lubrication, impair orgasm, and cause pain with sex; interference of associated symptoms 
(bladder/bowel dysfunction, fatigue, weakness, and spasticity, cognitive dysfunction, 
depression) [206, 207]

Parkinson disease Desire altered by either decrease or increase (hypersexuality); difficulty with arousal and 
orgasm; poor lubrication; loss of genital sensation [78, 208, 209]

Dementia Desire altered by either decrease or increase (hypersexuality) [78]
Traumatic brain 
injury

Desire altered by either decrease or increase (hypersexuality);
impairment in sexual function depends on injury location; injury-related impacts affect sexual 
function (impaired insight and cognition, interpersonal difficulties, depression, body image 
concerns, disinhibition, eating disturbances) [210]

Seizure Decreased desire, decreased arousal; enzyme-inducing and multiple anti-seizure drugs 
associated with sexual dysfunction [211]

Pituitary tumor, 
hyperprolactinemia

Decreased desire [78]

Psychiatric disorders
Depression and 
mood disorders

Decreased desire, decreased arousal, reduced lubrication, difficulty with orgasm; SSRIs, 
SNRIs and mirtazapine associated with new onset sexual dysfunction [78, 212–214]

Anxiety disorders Decreased arousal, difficulty with orgasm [78]
Psychotic illness Antipsychotic medication associated with decreased desire; those with psychotic illness are 

less likely to have sexual relationships [78]

sclerosus [57, 58]. The physical exam should 
include visual external and internal (speculum) 
inspection and bimanual pelvic examination 
[80]. Physical vaginal characteristics (aggluti-
nation, scarring/adhesions, pH, moisture, 
rugosity, elasticity, length, thickness, epithelial 
integrity, vascularity, and irritation) and physi-
cal vulvar characteristics (vulvar atrophy, irrita-
tion, and vestibular irritation) should be 
assessed [66].

Given that approximately one in three 
women are estimated to experience gender-
based violence (e.g., sexual violence, intimate 
partner violence) in their lifetime [81, 82] and 
rates of disclosure to medical providers are 
low, it is important that, in addition to obtain-
ing a sexual history, providers take universal 
precautions during the examination to prevent 
re-traumatization. Survivors of violence 
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report that examinations include cues that can 
remind them of abuse (e.g., being told where 
to move their body and to “relax”, pain from 
penetration, the position they are in) [83–85]. 
Before beginning the examination, providers 
should speak with the patient first while they 
are fully clothed to describe each part of the 
examination and ask if they have questions, 
concerns, or requests (e.g., having another 
provider present, self-inserting the speculum, 

using a smaller speculum, conducting the 
exam in a different position). Providers should 
convey that patients can tell the provider to 
pause or stop at any point. During the exami-
nation, the provider should seek affirmative 
consent from the patient before each step and 
check in with the patient about how they are 
doing. Ades (2020) provides comprehensive 
guidance for trauma-sensitive gynecologic 
examinations [86].

Table 5.4  Medications with sexual side effects

Sexual side effect

Medication Desire Arousal Orgasm
Vaginal 
dryness

Reduced 
sensation

Amphetamines and related anorexic drugs X
Anticholinergics X
Anticonvulsant (phenytoin sodium) X
Antifungal (ketoconazole) X
Antihistamines (e.g., diphenhydramine) X X X
Cardiovascular and antihypertensive medications
 �� Antilipid medications X
 �� Beta blockers X
 �� Clonidine X X
 �� Digoxin X X
 �� Methyldopa X
 �� Spironolactone X
Histamine H2-receptor blockers, pro-motility 
agents

X

Hormonal preparations
 �� Antiandrogens X X X
 �� Danazol X
 �� GnRh agonists X X
 �� Oral hormonal contraceptives X
 �� Ultra-low-potency contraceptives X X
Muscle relaxers (e.g., baclofen (Lioresal)) X
Narcotics X
NSAIDs
 �� Ibuprofen X
 �� Indomethacin X X
 �� Naproxen X
Psychoactive medications
 �� Antipsychotics X X
 �� Barbiturates X X X
 �� Benzodiazepines X X X X
 �� Lithium X X X
 �� MAO inhibitors X
 �� SSRIs X X X X
 �� SSNRIs (Venlafaxine) X X X X
 �� Tricyclic antidepressants X X X

Note: Information compiled from a report by the Association of Reproductive Health Professionals [215] and the 
American Hospital Formulary Service (AHFS) Patient Medication Information database [216]
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Laboratory Investigations  Laboratory testing is 
usually not needed to identify the causes of sex-
ual dysfunction [87]. For example, while andro-
gens are positively associated with female sexual 
function (e.g., improved sexual interest, arousal, 
and orgasm), there is no lower level of testos-
terone that predicts female sexual dysfunction 
[79]. While low estradiol levels are associated 
with genitourinary symptoms (e.g., vaginal dry-
ness) which can be identified by physical exam, 
studies have not consistently demonstrated an 
association between sexual desire and level of 
estradiol [79].

�Managing Sexual Problems

All breast cancer survivors should be provided 
with information about the potential sexual 
impacts of their breast cancer treatments, 
including the sexual changes that might occur 
with treatment-related hormonal changes [61]. 
There are a number of high-quality patient 
resources available regarding sexual health and 
cancer, which are accessible online or in print. 
The American Cancer Society has published 
“Sex and the Adult Female with Cancer” (http://
www.cancer.org), and this online resource cov-
ers a wide range of sexual health topics includ-
ing female sexual function, the sexual impacts 
of cancer treatments, and managing sexual 
problems related to cancer (e.g., moisturizers 
and lubricants for vaginal dryness, sexual posi-
tions for reducing pain or discomfort). The 
Scientific Network on Female Sexual Health 
and Cancer provides links to a range of patient 
and provider educational resources on its web-
site (http://cancersexnetwork.org/). A 2016 
publication [14] in the journal Current Opinion 
in Supportive and Palliative Care by an expert 
group from this organization includes teaching/
tip sheets about vaginal dryness and low desire, 
which can be given to patients. The MacMillan 
Cancer Support Community in the United 
Kingdom (http://www.macmillan.org.uk) has 
several online information resources focused 
on sex in cancer survivorship in their resource 
“Impacts of Cancer A to Z.” Additional educa-

tional resources about sex for cancer survivors 
can be found through the Cancer Council of 
Australia (www.cancercouncil.com.au).

While providing sexual health information 
should be a routine part of quality cancer survi-
vorship care [66], it is also important to recognize 
when more specialized care is needed and to have 
multidisciplinary referral resources available 
[14]. Addressing the sexual difficulties experi-
enced by breast cancer survivors often requires a 
multidisciplinary approach [14]. A robust referral 
network for sexual health care would ideally 
include gynecologists who have experience car-
ing for breast cancer survivors, pelvic floor phys-
ical therapists, sex therapists, counselors or 
psychotherapists, psychiatrists, urogynecolo-
gists, and reproductive endocrinologists (see 
Fig. 5.2). In addition to building referral networks 
within the health system and community, there 
are several professional organizations that have 
resources to help identify health-care profession-
als by location and areas of expertise. Table 5.5 
provides a listing of these organizations.

Below we provide an overview of strategies 
for managing common sexual problems experi-
enced by breast cancer survivors, including 
non-pharmacologic and pharmacologic 

Sexual
Health

Referral
Sources

Gynecologist

Urogynecologist

Psychotherapist

Sex Therapist

Pelvic Floor
Physical
Therapist

Reproductive
Endocrinologist

Fig. 5.2  Referral resources for sexual health care
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approaches. Table  5.6 provides a summary of 
non-pharmacologic approaches, and Table  5.7 
provides a summary of pharmacologic 
approaches.

�Non-pharmacological Approaches

�Moisturizers and Lubricants

Vaginal dryness is a common problem for breast 
cancer survivors, and its associated symptoms 
are often painful or uncomfortable (e.g., sensa-
tions of burning, chafing, and itching), have neg-
ative impacts on sexual function, result in pain 
during sexual activity, and are emotionally dis-
tressing [2, 88]. While there is limited data to 
support the use of over-the-counter vaginal mois-
turizers and lubricants, these products are consid-
ered to be the initial and most widely used 
approaches for managing vaginal dryness in 
breast cancer survivors [80, 89]. Providing 
women with education about vaginal moisturiz-
ers and sexual lubricants is vital to properly man-
age vaginal dryness and dyspareunia as many 
women are unfamiliar with the difference 
between these products and how to use them 
properly.

Vaginal moisturizers are long-acting and 
should be used on a regular basis, independent of 
sexual activity, to maintain tissue integrity, elas-
ticity, and pliability [80, 90, 91]. For breast can-
cer survivors, frequent use is recommended, with 
expert opinion suggesting that moisturizers 
should be used several times per week to daily to 
help maintain vaginal moisture and pH balance 
[80]. A large number of vaginal moisturizer prod-
ucts are available. These products are poorly 
characterized for consumers, difficult to differen-
tiate between, and there is no evidence to support 
the use of any particular moisturizer product or 
ingredient(s). For example, in a recent 12-week 
multicenter randomized trial comparing a 10-mcg 
vaginal estradiol tablet plus placebo gel, placebo 
tablet plus vaginal moisturizer, and placebo tablet 
plus placebo gel, all three groups demonstrated 
similar reductions in bothersome vulvovaginal 
symptoms and pain during sexual intercourse 
[92, 93]. Interestingly, vaginal moisturizer with 
placebo tablet and dual placebo gel and tablet 
performed equally well, and both of these inter-
ventions performed as well as the 10-mcg vaginal 
estradiol tablet and placebo gel. While there is no 
evidence to support the use of particular moistur-
izer products or ingredients, there are products 
that women should avoid. Below we provide a 
discussion of product characteristics or ingredi-
ents that should be avoided.

Lubricants are short-acting and used to reduce 
friction and discomfort during sexual activity. 
Lubricants come in a variety of options including 
water-based, oil-based, silicone-based, and 
hybrids of these. Some products can be used as 
both a moisturizer and lubricant. Women should 
be instructed to apply lubricant to the genital area 
shortly before sexual activity (i.e., the inner labia, 
clitoral area, vaginal entrance, and any other 
areas that feel dry during sexual activity). 
Lubricant should also be applied to body parts or 
items involved in sexual activity (e.g., fingers, 
penis, or sexual aids or toys), and lubricants 
should be re-applied as needed during sexual 
activity. Patient selection of type of lubricant 
often depends on individual preferences and type 
of sexual activity (e.g., use of a vibrator that can-
not be used with a silicone-based product; a 

Table 5.5  Resources for sexual health information and 
referral resources

Professional organization Internet address
Scientific Network on Female 
Sexual Health and Cancer

http://www.
cancersexnetwork.org

International Society for the 
Study of Women’s Sexual 
Health

http://www.isswsh.org

The North American 
Menopause Society

http://www.
menopause.org

Society for Sex Therapy and 
Research

http://www.sstarnet.org

American Association of 
Sexuality Educators, 
Counselors, and Therapists

http://www.aasect.org

American Association for 
Marriage and Family Therapy

http://www.aamft.org

American Physical Therapy 
Association

https://ptl.
womenshealthapta.org/

International Pelvic Pain 
Society

http://www.pelvicpain.
org
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Table 5.6  Non-pharmacologic strategies for managing sexual problems

Management 
strategy Sexual problems Description Comments
Education Lack of knowledge 

regarding sexual 
impacts

Information about sexual 
impacts of cancer treatments 
and treatment-related 
hormonal changes

Available resources: American Cancer 
Society, “Sex and the Adult Female with 
Cancer” (http://www.cancer.org); Scientific 
Network on Female Sexual Health and Cancer 
resource page (http://cancersexnetwork.org/); 
MacMillan Cancer Support Community, 
Impacts of Cancer A to Z (http://www.
macmillan.org.uk); Cancer Council of 
Australia resources (www.cancercouncil.com.
au)

Moisturizers Vulvovaginal dryness 
and associated 
symptoms

Used on a regular basis, 
independent of sexual 
activity, to maintain tissue 
integrity, elasticity, and 
pliability

Expert opinion suggesting that moisturizers 
should be used several times per week to daily 
to help maintain vaginal moisture and pH 
balance; Avoid products that contain potential 
irritants (e.g., parabens, glycerin, propylene 
glycol)

Lubricants Reduce friction and 
discomfort during 
sexual activity

Water-, oil-, or silicone-
based. Applied to genital 
area and involved body 
parts/items shortly before 
sexual activity with 
reapplication as needed

Silicone-based lubricants should not be used 
with items made from silicone; avoid products 
that contain potential irritants (e.g., parabens, 
glycerin, propylene glycol, warming agents); 
WHO recommends using a lubricant with 
osmolality <1200 mOsm/kg and a pH of 3.8 
to 4.5

Gel or cream 
with 
hyaluronic 
acid

Vulvovaginal dryness 
and associated 
symptoms

Used on a regular basis, 
independent of sexual 
activity, to maintain tissue 
integrity, elasticity, and 
pliability

A schedule of 3 to 5 times per week may be 
effective for obtaining symptom relief in 
breast cancer survivors; additional research is 
needed to further examine use and outcomes 
for breast cancer survivors

Sexual 
devices

Decreased sensation, 
difficulty building 
arousal, sexual pain

Clitoral stimulators, 
vibrators for external and 
internal use, dildos, devices 
that preclude deep insertion

Can be used during partnered or unpartnered 
activity; can help to manage sexual problems 
or expand available sexual activities; devices 
should be made of nontoxic, nonporous 
materials (silicone, hypoallergenic metals); 
avoid items labeled for novelty use, made with 
porous materials, made of jelly latex, and 
scented items

Vaginal 
dilators

Dyspareunia, 
symptomatic vaginal 
atrophy, and fear of 
penetration

Systematic, graduated 
approach with a set of 
tapered devices that vary in 
size, and facilitate 
mechanical stretch of 
vaginal tissue

While data is limited, clinical guidelines 
suggest consistent use of dilators (e.g., 3 times 
per week for 10–15 minutes) and using 
dilators in a progressive fashion. Evaluation 
and support from a pelvic floor physical 
therapist is often helpful

Pelvic floor 
physical 
therapy

Dyspareunia, 
difficulty with 
arousal and orgasm, 
and urinary 
incontinence

Pelvic floor muscle training, 
manual therapies, 
biofeedback

Should be provided by a physical therapist 
specialized and trained in pelvic floor 
disorders. Provider listing available at https://
ptl.womenshealthapta.org/

Counseling 
and sex 
therapy

Overall sexual 
response and 
functioning, sexual 
satisfaction, body 
image, intimacy and 
relationship issues, 
coping with pain

Specialized type of 
psychotherapy provided by 
a mental health professional 
that focuses on the 
psychological, behavioral, 
interpersonal, and health-
related factors that impact 
sexual function and 
satisfaction

Sex therapy approaches often include 
cognitive-behavioral interventions, 
mindfulness techniques, couples-based 
psychotherapy interventions, and psycho-
education. Several professional organizations 
(see Table 5.5) provide online resources to 
assist with identifying sex therapy providers 
by geographic location
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Table 5.7  Pharmacologic and Medical Interventions for Managing Sexual Problems

Management strategy Sexual problems Description Comments
Topical lidocaine Pain with 

penetrative sexual 
activity

Topical applied as a 
compress to the vaginal 
vestibule prior to vaginal 
penetration

Limited data available. Demonstrated 
benefits for pain reduction in one pilot 
trial in breast cancer survivors

Local estrogen-based 
treatments

Vulvovaginal 
dryness, atrophy 
and associated 
symptoms

Vaginal cream, vaginal 
inserts, vaginal ring in 
consultation with oncologist 
regarding risk

Used for severe symptoms that have 
not responded to non-hormonal 
interventions; consultation and 
evaluation of risk with the breast 
survivor’s oncologist is needed

Vaginal 
dehydroepiandrosterone 
(DHEA)

Moderate to severe 
dyspareunia 
caused by 
vulvovaginal 
atrophy

Vaginal cream not 
recommended for use in 
breast cancer survivors

FDA-approved vaginal DHEA has not 
been studied in breast cancer survivors, 
and its label includes a warning against 
using this product in breast cancer 
survivors; short- and long-term safety 
remains unknown for breast cancer 
survivors

Vaginal testosterone Vaginal atrophy 
and associated 
symptoms

Intravaginal cream not 
recommended for use in 
breast cancer survivors

There are no FDA-approved 
formulations of local testosterone for 
use in women. Off-label use in breast 
cancer survivors is not recommended.

Vaginal estriol Vulvovaginal 
atrophy and 
associated 
symptoms

Vaginal cream, gel, or 
suppositories not 
recommended for use in 
breast cancer survivors

Not FDA approved for any indication. 
Efficacy and safety has not been 
demonstrated for breast cancer 
survivors or women with no cancer 
history.

Selective Estrogen 
Receptor Modulators 
(SERM)

Vulvovaginal 
atrophy and 
associated 
dyspareunia

Oral medication; 
ospemifene (not used in the 
USA for breast cancer 
survivors)

Not FDA approved for use with breast 
cancer survivors in the USA. Safety 
and efficacy data for breast cancer 
survivors lacking. Impact on risk of 
recurrence unknown

Vaginal laser treatment Vaginal dryness 
and associated 
dyspareunia

Nonablative erbium-doped 
yttrium aluminum garnet 
laser (FotonaSmooth®) or 
microablative CO2 laser 
(MonaLisa Touch®)

Aim to stimulate vascularity and 
promote production of new collagen in 
vaginal tissue; not FDA approved for 
vaginal tissue; prospective randomized 
clinical trials needed to determine the 
efficacy and safety of these treatments

Bupropion Desire and arousal 
disorders

Oral medication; 
antidepressant, belongs to 
the aminoketone class

Shown to improve sexual function in 
premenopausal women with hypoactive 
sexual desire disorder or SSRI-induced 
sexual dysfunction; limited data 
available for breast cancer survivors 
and caution may be needed for women 
taking tamoxifen; one small pilot study 
suggested potential benefits in breast 
cancer survivors.

Flibanserin Hypoactive sexual 
desire disorder

Oral medication; 
multifunctional serotonin 
agonist antagonist

FDA approved for treatment of 
hypoactive sexual desire disorder in 
premenopausal women; currently 
administered under a Risk Evaluation 
and Mitigation Strategy program; 
common side effects include dizziness, 
somnolence, nausea, and headache; use 
of alcohol contraindicated; safety and 
efficacy unknown for breast cancer 
survivors
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patient may prefer different types of lubricant for 
vaginal versus anal penetration). While water-
based lubricants may dry out or evaporate during 
longer periods of sexual activity or require re-
application during activity, water-based lubri-
cants are generally compatible with latex, silicone 
vaginal dilators, and silicone sexual devices or 
toys (e.g., vibrators). Water-based lubricants are 
also unlikely to stain linens or fabrics. Silicone-
based lubricants (e.g., dimethicone, cyclomethi-
cone) do not evaporate and are longer lasting than 
water-based lubricants. While silicone-based 
lubricants are safe to use with latex condoms and 
can be used underwater, they should not be used 
with vaginal dilators, sexual devices, or toys 
made from silicone, as it will cause the surface to 
deteriorate and the material will degrade over 
time. Oil-based lubricants are long-lasting and do 
not wash away easily. However, these products 
should not be used with latex condoms as they 
can break down the material, and because they 
are long-lasting, they may increase the risk of 
infection [94]. Oil-based lubricants are also likely 
to stain linens and fabrics. Use of silicone-based 
and oil-based lubricants should be avoided on 
hard surfaces (e.g., tiled areas, showers, bath-
tubs) because they will make surfaces extremely 
slippery and can be difficult to remove, increas-
ing the risk of falls. Petroleum or mineral oil-
based products (e.g., Vaseline®, baby oil) should 
not be used in the vagina [88]. Use of petroleum 

jelly is associated with an increased risk of bacte-
rial infection or bacterial vaginosis, and mineral 
oil-based products can increase the risk of yeast 
infection. Both petroleum and mineral oil-based 
products reduce the effectiveness of latex 
condoms.

The ingredients and chemical compositions of 
vaginal moisturizers and sexual lubricants vary 
widely, and many commercially available prod-
ucts may cause detrimental effects to vulvovagi-
nal tissues due to additives, their osmolality (i.e., 
the concentration of dissolved particles per unit 
of water), and/or pH [80, 91, 95, 96]. Women 
with breast cancer should avoid using moisturizer 
and lubricant products that contain additives that 
are potential irritants, such as parabens, glycerin, 
and propylene glycol [88]. Additives such as 
warming agents, bactericides, microbicides, per-
fumes, and artificial colors and flavors can also 
further irritate the already sensitive vulvar region 
and vagina [88]. Depending on their chemical 
make-up and ingredients, moisturizers and lubri-
cants have varying levels of osmolality. The 
World Health Organization (WHO) recommends 
that lubricants have an osmolality of <380 mOsm/
kg; an osmolality of <1200 mOsm/kg is consid-
ered acceptable, while osmolality of 
>1200 mOsm/kg is associated with mucosal irri-
tation [80]. Using a lubricant with high osmolal-
ity can dry out the vulvar and vaginal tissues, 
placing women at increased risk of abrasions, 

Table 5.7  (continued)

Management strategy Sexual problems Description Comments
Bremelanotide Hypoactive sexual 

desire disorder
Injection; activates 
melanocortin receptors

FDA approved for treatment of 
hypoactive sexual desire disorder in 
premenopausal women; women inject 
it under the skin of the abdomen or 
thigh at least 45 minutes before 
anticipated sexual activity; should not 
be used in women with uncontrolled 
high blood pressure or those with or at 
risk for cardiovascular disease; safety 
and efficacy has not been studied in 
breast cancer survivors

PDE5 inhibitors Used for erectile 
disorder, with no 
evidence for 
female sexual 
dysfunction

Oral medication (sildenafil, 
tadalafil, and vardenafil); 
not recommended for use in 
women

Not FDA approved for the treatment of 
female sexual dysfunction; data 
regarding treatment for female sexual 
dysfunction inconsistent and largely 
unfavorable; no data regarding safety in 
breast cancer survivors
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skin sloughing, and other cell damage. A 2018 
study conducted by Ayehunie and colleagues [95] 
examined several widely available lubricants 
using a three-dimensional human vaginal epithe-
lium tissue model and found that lubricants with 
osmolality >1500  mOsm/kg markedly reduced 
epithelial barrier properties and damaged the tis-
sue structure. Products with pH levels in the nor-
mal range for healthy adult women (3.8–4.5) are 
considered acceptable, and those with pH levels 
of 3.0 or less are considered unacceptable due to 
risk for vaginal irritation [80]. In terms of osmo-
lality and pH, breast cancer survivors should use 
products that are as “body-similar” as possible to 
vaginal secretions [96]. Unfortunately, most 
commercially available and widely used products 
have very high osmolality, with formulations that 
have high concentrations of glycerol, propylene 
glycol, or other ingredients that result in products 
with 4 to 30 times the osmolality of healthy vagi-
nal fluid [95]. For example, in the study con-
ducted by Ayehunie and colleagues [95], 
commercial products with high osmolality 
included RepHresh (1500  mOsm/kg; Lil’ Drug 
Store Products, Inc., Cedar Rapids), K-Y Jelly 
Personal Lubricant (2200  mOsm/kg; Reckitt 
Benckiser LLC, Parsippany, NJ), ID Glide 
(2900  mOsm/kg; Westridge Laboratories, Inc., 
Newport Beach, CA), Astroglide (4500  mOsm/
kg; Bio film, Inc., Vista, CA), and K-Y Warming 
Jelly (8600 mOsm/kg; Reckitt Benckiser, LLC., 
Parsippany, NJ). Non-irritant products with 
osmolality <1200  mOsm/kg examined in this 
study included Aloe Cadabra (118  mOsm/kg; 
Seven Oaks Farm, Ventura, CA), Good Clean 
Love (194  mOsm/kg; GCL, Eugene, OR), Pre-
Seed (295 mOsm/kg; Lil’ Drug Store Products, 
Inc., Cedar Rapids, IA), and Restore (340 mOsm/
kg; GCL, Eugene, OR).

Many available moisturizers and lubricants do 
not list osmolality or pH on the product label, 
making it difficult for women to determine the 
safety of products. This lack of available infor-
mation is further complicated by a rapidly chang-
ing marketplace, characterized by frequent 
introductions of new products, manufacturers 
changing/updating product formulations, and 
product relabeling.

�Gel or Cream with Hyaluronic Acid

Vaginal creams or gels with hyaluronic acid are 
receiving growing attention for their potential to 
manage vaginal dryness and associated symp-
toms [97–102]. Several small studies have exam-
ined the use of products with hyaluronic acid and 
have found them to be safe and as effective as 
vaginal estrogen in reducing vulvovaginal symp-
toms (i.e., vaginal dryness, itching and dyspareu-
nia) [97–99]. One small randomized pilot trial in 
breast cancer survivors starting aromatase inhibi-
tors (N = 57) found that women who received a 
hyaluronic acid-based moisturizer reported less 
dyspareunia and sexual distress at 6 months com-
pared to women who received usual care [102]. 
Further, women who received the hyaluronic 
acid-based moisturizer reported improved sexual 

Box 5.3 Important steps when selecting a 
sexual lubricant

1. Examine the label to check for ingredients 
that should be avoided including potential 
irritants such as parabens, glycerin, and 
propylene glycol. Additives such as warming 
agents, bactericides, microbicides, perfumes, 
and artificial colors and flavors should also 
be avoided.

2. Review the lists of lubricant testing results 
conducted by the WHO and other 
researchers. These lists include the brand 
name, osmolality, and pH level of each 
product. These lists are maintained and made 
available online by professional and 
women’s health organizations. For example, 
at the time of writing this chapter, Women’s 
Voices for the Earth (WVE) maintains a 
lubricant factsheet and listing of lubricant 
product information online (https://www.
womensvoices.org/osmolality-ph-properties-
commercial-lubricants/). Keep in mind that 
the WHO recommends using a lubricant with 
osmolality <1200 mOsm/kg and a pH of 3.8 
to 4.5 [80].

3. If a product is not included in available lists, 
contact the manufacturer to obtain 
information about product ingredients, 
osmolality, and pH.

4. If any reactions or symptoms occur after 
using a product, stop using it immediately 
and try a different product.
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function and well-being (as measured by the 
FSFI) compared to women who received a vagi-
nal moisturizer without hyaluronic acid [102]. In 
a recent single-arm prospective, longitudinal 
pilot study, Carter and colleagues examined the 
use of hyaluronic acid gel over 24 weeks in 101 
breast cancer survivors taking aromatase inhibi-
tors [101]. Vulvovaginal health and sexual func-
tion improved over time, and the authors 
concluded that using hyaluronic acid gel on a 
schedule of 3–5 times per week may be effective 
for improving symptoms of vaginal dryness and 
dyspareunia in breast cancer survivors [101]. 
Similar findings were reported for women with 
endometrial cancer [100]. While products con-
taining hyaluronic acid show promise for manag-
ing vulvovaginal symptoms, additional research 
is needed to further examine the safety, potential 
benefits, and longer-term outcomes for breast 
cancer survivors.

�Sexual Devices

For breast cancer survivors who experience 
decreased sensation, difficulty building arousal, 
sexual pain, and other difficulties, sexual devices 
can be used to help manage these challenges or 
expand the repertoire of available sexual activi-
ties to accommodate changes in sexual function 
[14, 88]. Prior to starting a conversation with 
breast cancer survivors about the use of sexual 
devices, it is important to ask a few screening 
questions to determine individuals’ familiarity, 
comfort level, and openness to discussing and 
using sexual devices (e.g., Have you ever or do 
you currently use a sexual device alone or with a 
partner?; Would you consider using a sexual 
device if it would improve your sexual health and 
wellness?) [103]. Because survivors may have a 
lack of knowledge or experience with sexual 
devices, providing descriptions or basic informa-
tion about common types of sexual devices is 
often helpful (e.g., clitoral stimulator, vibrators 
for external and internal use).

As part of any discussion about sexual devices, 
breast cancer survivors should be given informa-
tion regarding the importance of using safe and 

nontoxic materials [103]. Nonporous materials, 
such as silicone and hypoallergenic metals (e.g., 
stainless steel, titanium), are generally preferable 
as porous materials may prevent effective disin-
fection. If patients use glass materials, this should 
be done with extreme caution in the vagina in 
order to prevent lacerations. Borosilicate material 
is stronger than other glass materials with reduced 
risk of breakage. It is important to recognize that 
there are currently no organizations, boards, or 
coalitions that regulate the safety of commer-
cially available sexual devices in the USA, Japan, 
Canada, or the European Union. Any product or 
device labeled as “For Novelty Use Only” should 
be avoided. Devices made with jelly latex (which 
contains polyvinyl chloride (PVC)) are common 
and should also be avoided, as this type of mate-
rial may leak toxins especially as it ages. In gen-
eral, products containing jelly latex are soft and 
have a plastic smell (e.g., smell like a new shower 
curtain). Products that are scented should also be 
avoided, because of risk of irritation.

For breast cancer survivors experiencing 
decreased sensation or difficulty building arousal, 
vibrators or self-stimulators may be helpful for 
providing extra or more intense stimulation to 
areas of the clitoris, vulva, and vagina [14, 88]. 
Stimulation with devices that promote blood flow 
and circulation in the pelvic region (i.e., vibra-
tors, clitoral stimulators, clitoral vacuum devices) 
may be helpful for facilitating arousal and for 
reducing discomfort or pain [14, 76, 80]. 
Vibrators and stimulators are available in a wide 
range of types, and there are a range of available 
features (e.g., varying strengths, patterns, speeds, 
and types of stimulation; range of sizes and sur-
faces used for stimulation; ability to connect to 
apps or electronic devices; waterproof or water 
resistant). External vibrators and clitoral stimula-
tors (including clitoral vacuum devices) are 
designed to be used externally for clitoral stimu-
lation. Internal vibrators are designed to be used 
internally (e.g., inserted into the vagina) or exter-
nally and are typically shaped for insertion. 
Sexual devices that are specifically designed for 
use with a partner are also available (e.g., hands 
free clitoral stimulators, vibrators that attach to a 
partner’s hand or a penis). In addition to seeking 
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out products made with safe and non-toxic mate-
rials, factors to consider when selecting a vibra-
tor or stimulator include intended use (i.e., 
external and/or internal stimulation; self-
stimulation and/or partnered activity), type of 
stimulation (e.g., vibration, vacuum), preference 
for size and aesthetic (e.g., subtle, anatomically 
realistic), strength and patterns of stimulation 
available, and preferred special features (e.g., 
waterproof, ability to connect to apps or devices). 
The selection of sexual devices depends on indi-
vidual preferences and desired sexual activity.

For women who have foreshortening of the 
vaginal canal or those experiencing deep vaginal/
pelvic pain with penetrative sexual activity, the 
use of a sexual device that precludes deep inser-
tion may be helpful. One such product is The 
Ohnut™, which includes four interlocking, soft 
rings that can be placed around the base of a 
penis, vaginal dilator, or sex toy to restrict the 
depth of penetration. The female breast cancer 
survivor can choose the number of rings to use 
based on the amount of depth that is comfortable 
during penetrative activity and when used with a 
male partner the rings provide stimulation to the 
partner. This product and similar available prod-
ucts are available without a prescription and can 
be ordered online.

�Vaginal Dilators

Regular use of vaginal dilators has been recom-
mended for the management of symptomatic 
vaginal atrophy and has been found to reduce 
pain with vaginal penetration by improving vagi-
nal elasticity [80, 89]. Vaginal dilator protocols 
may also be helpful for women experiencing fear 
of pain or vaginal tightness due to resulting pel-
vic floor or bodily tension associated with fear of 
penetration [51]. Use of vaginal dilators involves 
a systematic, graduated approach with a set of 
tapered devices that vary in size and facilitate 
mechanical stretch of vaginal tissue and underly-
ing pelvic floor muscles. While data regarding 
the effectiveness of specific vaginal dilator proto-
cols is limited, general clinical guidelines sug-
gest consistent use of dilators, using dilators in a 

progressive fashion (e.g., graduated sizes) and 
use of dilators at least three times per week for 
approximately 10–15 minutes per session [51]. If 
vaginal dilators are recommended, breast cancer 
survivors should be given clear instructions 
regarding how to use vaginal dilators in gradu-
ated sizes (either by themselves or with their 
partner) [80]. Physical therapists trained in pelvic 
floor physical therapy may be particularly helpful 
in providing women with education, clear proto-
cols, and instructions for using vaginal dilators 
[104, 105]. After completing an external and 
internal evaluation (e.g., skin integrity, evidence 
of prolapse, pelvic floor contraction/relaxation 
and associated movement, reflex assessment, and 
pain or muscle spasm during palpation), a pelvic 
floor physical therapist can provide women with 
a vaginal dilator protocol and instructions to spe-
cifically address their presenting concerns. 
Providing ongoing support and instruction for 
women using vaginal dilators is essential for pro-
gram adherence [106, 107].

�Pelvic Floor Physical Therapy

The network of pelvic floor muscles and fascia 
play an important role in sexual function and 
continence [108, 109]. Pelvic floor muscle dys-
function can contribute to dyspareunia, difficulty 
with arousal and orgasm, and urinary inconti-
nence [105, 109]. A study of 167 long-term breast 
cancer survivors found that 45% of women 
reported pain during sexual intercourse [110]. It 
is important to promptly address sexual pain as 
repeated or ongoing sexual experiences can lead 
to secondary vaginismus and chronically over-
engaged pelvic floor muscles [14]. Pelvic floor 
physical therapy with a physical therapist specifi-
cally trained in the management of pelvic floor 
disorders is recommended for breast cancer sur-
vivors experiencing pain with sexual activity by 
the consensus guidelines of the North American 
Menopause Society and the International Society 
for the Study of Women’s Sexual Health [80]. 
Pelvic floor physical therapy treats pelvic floor 
muscle dysfunction and has been found to 
improve sexual function as well as urinary symp-
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toms [109, 111]. In women without a cancer his-
tory, pelvic floor physical therapy is effective in 
treating sexual pain and all types of incontinence, 
and women treated with pelvic floor physical 
therapy are more likely to report improvements 
in sexual and urinary symptoms as well as better 
quality of life than controls [104, 105, 112]. In a 
pilot study conducted by Juraskova and col-
leagues [113], 25 breast cancer survivors with 
dyspareunia received pelvic floor muscle relax-
ation training under the direction of a physical 
therapist. Women experienced significantly less 
dyspareunia and improvements in sexual func-
tion and quality of life, with 92% of women 
reporting that pelvic floor muscle training was 
helpful. Two pilot randomized controlled trials 
[111, 114] conducted with gynecologic cancer 
survivors found that after pelvic floor physical 
therapy women had better sexual function, 
decreased urinary incontinence, and improved 
quality of life, without adverse effects. While lit-
tle research has examined the use of pelvic floor 
physical therapy in breast cancer survivors, pilot 
studies suggest that pelvic floor physical therapy 
is efficacious and acceptable, with no adverse 
effects [111, 113, 114].

�Counseling and Sex Therapy

Psychological and behavioral interventions (i.e., 
counseling or psychotherapy, sex therapy) are 
key components of treating many of the sexual 
difficulties experienced by breast cancer survi-
vors [51, 88, 115]. The American Society of 
Clinical Oncology (ASCO) Practice Guideline 
for addressing sexual problems in cancer survi-
vors states that psychosocial and/or psychosexual 
counseling should be offered to all cancer survi-
vors to improve sexual response, body image, 
intimacy and relationship issues, and overall sex-
ual functioning and satisfaction [116].

Sex therapy (or psychosexual counseling) is a 
specialized type of psychotherapy provided by a 
trained mental health professional (e.g., psycholo-
gist, marital and family therapist, social worker) 
that focuses on addressing the psychological, 
behavioral, and interpersonal factors that impact 

sexual function and satisfaction. Sex therapy also 
focuses on helping individuals, and couples man-
age the sexual impacts of physical and functional 
sexual health changes. Sex therapy approaches 
often include cognitive-behavioral interventions, 
mindfulness techniques, couples-based psycho-
therapy interventions, and psycho-education. Sex 
therapy is frequently used in combination with 
medical and/or physical therapy interventions. 
When making recommendations for sex therapy, 
it is important to provide breast cancer survivors 
with a clear description of this treatment approach, 
as many individuals have preconceived, incorrect 
ideas about sex therapy (e.g., clarify that sex ther-
apy is a form of psychotherapy and does not 
involve physical contact with the therapist) [117]. 
Several professional organizations (see Table 5.5) 
provide online resources to assist with identifying 
sex therapy providers by geographic location 
(e.g., the American Association of Sexuality 
Educators, Counselors, and Therapists).

Accumulating evidence supports the use of sex 
therapy interventions to address the sexual diffi-
culties many women experience following cancer 
treatment [118–125]. Sex therapy interventions 
have yielded significant improvements in desire, 
arousal, satisfaction, and overall sexual function 
and well-being among breast cancer survivors 
[123, 125–128] and women treated for other can-
cers [118, 119, 124]. Sex therapy interventions 
can be provided in an individual or couples ther-
apy context [14]. For example, Rowland and col-
leagues [127] conducted a randomized control 
trial of a 6 week group intervention for breast can-
cer survivors aimed at improving sexual well-
being. Breast cancer survivors’ partners were not 
included in the intervention. The intervention 
included psycho-education, communication train-
ing, and sex therapy using a sensate focus 
approach (i.e., a sex therapy intervention approach 
that utilizes structured touch-based home practice 
exercises). Intervention participants reported a 
general increase in sexual satisfaction, relation-
ship adjustment, and communication compared to 
the control group (printed educational material), 
and 64% noted at least some improvement in their 
relationship, despite partners not being included 
in the intervention sessions.
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Among partnered breast cancer survivors, 
couples-based counseling can help to address 
communication issues, relationship dynamics, 
and conflicts that negatively impact the sexual 
relationship [115]. Couples often struggle with 
communication about and approaching sexual 
intimacy after breast cancer [10, 122]. Challenges 
to intimacy that often arise include partners’ reac-
tions to the treatment-related and sexual changes 
women experience, fear of pain or hurting one’s 
partner, uncertainty about touching the chest 
region or surgically altered breast, and changes 
in roles that occurred during treatment (e.g., shift 
from partner to caregiver) [10, 115, 126].

Couples-based counseling can help to improve 
communication, problem solving, and coping 
skills, as well as help to improve the breast cancer 
survivor’s response to sexual activity and ability 
to manage body image concerns [42, 115, 126].

Individual psychotherapy or counseling 
should be considered to help address other under-
lying concerns that can negatively impact sexual 
function and well-being, such as depression, anx-
iety, or trauma-related symptoms [115]. 
Cognitive-behavioral therapies (e.g., systematic 
desensitization) can also be helpful for breast 
cancer survivors experiencing fear or anticipa-
tory pain related to sexual activity, genital touch, 
or genital exam [51].

�Pharmacologic and Medical 
Approaches

�Topical Lidocaine

For women experiencing pain with penetrative 
sexual activity (i.e., insertional dyspareunia), the 
use of topical lidocaine applied to the vaginal 
vestibule prior to vaginal penetration may help to 
reduce pain. One pilot double-blind randomized 
trial of 4% aqueous lidocaine versus saline has 
been conducted in breast cancer survivors 
(N  =  46) with severe vaginal dryness, atrophy, 
and dyspareunia [129]. In both the lidocaine and 
saline groups, women also used a silicone-based 
lubricant. Users of lidocaine (applied as a com-

press to the vaginal vestibule approximately three 
minutes prior to penetration) reported less pain 
during intercourse, less sexual distress, and 
improved sexual function, with no adverse 
effects. In addition, sexual partners did not report 
penile numbness.

�Local Estrogen-Based Treatments

While international guidelines recommend 
against systemic hormone replacement therapy in 
breast cancer survivors [80], local estrogen-based 
treatments, with estradiol or estriol, for vaginal 
dryness and atrophy remain controversial, and 
the safety of vaginal estrogen has yet to be 
strongly established for breast cancer survivors 
[116, 130]. This book’s chapter on the manage-
ment of genitourinary symptoms of menopause 
provides a discussion of the available data regard-
ing the safety and efficacy of local estrogen for 
breast cancer survivors. The first-line approach 
for managing vaginal dryness and atrophy in 
breast cancer survivors should include non-
hormonal options [80]. For breast cancer survi-
vors, whose symptoms remain severe with 
non-hormonal treatments, recommendations 
from the American College of Obstetricians and 
Gynecologists (ACOG), the North American 
Menopause Society, the International Society for 
the Study of Women’s Sexual Health, and the 
ASCO advise that consideration of using local 
estrogen-based treatments should be individual-
ized for each breast cancer survivor, involve close 
consultation with the survivor’s oncologist, and 
take into account the uncertainties regarding risks 
[80, 116, 130]. When considering the use of local 
estrogen-based treatments for breast cancer sur-
vivors, the following steps should be taken.

•	 Determine the presence of symptoms that are 
severe, negatively impact quality of life and 
have not responded to non-hormonal interven-
tions [116].

•	 Evaluate the factors that impact the potential 
risk of using local estrogen in breast cancer 
survivors including breast cancer stage and 
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subtype, endocrine therapy use, and time since 
diagnosis [80]. While data are limited, con-
sensus opinion indicates that factors associ-
ated with lower risk for use of local 
estrogen-based treatments include Stage 0 to 2 
disease, low or intermediate grade disease, no 
lymph node involvement, negative hormone-
receptor status, use of tamoxifen vs. an aroma-
tase inhibitor, low risk of recurrence, and 
longer-term survivorship [80].

•	 Discuss treatment options, provide patient 
education, and discuss the risks versus benefits 
of treatment using a shared decision-making 
approach with breast cancer survivors con-
sidering local estrogen-based treatment. This 
discussion should include information about 
mechanisms of action when known, data 
regarding safety, potential efficacy, and poten-
tial adverse effects of treatment options [80, 
116]. Balancing the benefits of potential symp-
tom reduction versus a breast cancer survivor’s 
fears or concerns about breast cancer recur-
rence risk should be discussed and considered.

•	 Review recent, clinical guidelines to obtain 
guidance on products, dosages, and safety, as 
there are a range of local estrogen-based treat-
ments available (e.g., creams, rings, inserts) 
and there is currently no strong evidence for 
the safety and efficacy of one vaginal estrogen 
product versus another [80, 130].

•	 In cases where local estrogen-based treatment 
is initiated, regular monitoring and follow-up 
care should be provided to assess impact on 
symptoms, adherence, and barriers to treat-
ment [80].

Because estradiol is more potent than estriol, 
estradiol has been more commonly used as a vag-
inal preparation and is FDA approved in several 
preparations in the USA.  Vaginal estriol (gels, 
creams, or suppositories) is also available in sev-
eral countries outside the USA, but is not FDA 
approved for any indication in the USA. The effi-
cacy and safety of vaginal estriol has not been 
demonstrated for breast cancer survivors or 
women with no cancer history. The use of vaginal 
estriol in breast cancer survivors is not recom-
mended [80].

�Vaginal Dehydroepiandrosterone 
(DHEA)

Vaginal DHEA has been approved by the FDA 
for postmenopausal women with moderate to 
severe dyspareunia caused by vulvovaginal atro-
phy. The FDA-approved vaginal DHEA has not 
been studied in breast cancer survivors, and its 
label includes a warning against using this prod-
uct in women with a history of breast cancer. 
Clinical studies of women without cancer indi-
cate that there may be a slight increase in plasma 
estradiol and testosterone after use of vaginal 
DHEA (i.e., prasterone) [131]. One clinical trial 
conducted with breast and gynecologic cancer 
survivors compared vaginal DHEA (3.25 mg and 
6.5  mg) versus placebo over 12  weeks for the 
treatment of moderate vaginal dryness or dyspa-
reunia [132, 133]. While DHEA (either dose) 
yielded no improvement in vaginal dryness or 
dyspareunia compared to placebo, women using 
6.5 mg of DHEA reported significant improve-
ment in sexual function on the FSFI [133]. 
Importantly, significantly increased hormone 
concentrations (i.e., circulating DHEA-S, testos-
terone, and estradiol) were found in women 
using 6.5 mg of DHEA, though levels remained 
in the lower half of the postmenopausal range 
and estrogen concentrations remained unchanged 
in women taking aromatase inhibitors [132]. In 
terms of the efficacy and safety of vaginal DHEA 
versus local estrogen-based treatments, there are 
no studies directly comparing these treatments in 
breast cancer survivors. The short- and long-
term safety of vaginal DHEA remains largely 
unknown for breast cancer survivors, and cau-
tion should be used when considering vaginal 
DHEA for breast cancer survivors whose cancer 
is known to be androgen-receptor positive, 
whether they are taking tamoxifen or an aroma-
tase inhibitor [80].

�Vaginal Testosterone

The off-label use of vaginal testosterone for the 
treatment of vulvovaginal symptoms in breast 
cancer survivors is not recommended [80]. 
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Currently, there are no FDA-approved formula-
tions of local testosterone for use in women. Very 
little data is available regarding the use of vaginal 
testosterone in breast cancer survivors, and data 
is only available for breast cancer survivors tak-
ing aromatase inhibitors [134–136]. In one trial 
of breast cancer survivors taking aromatase 
inhibitors, 12% of women were found to have 
elevated estradiol levels after 4  weeks of treat-
ment [136].

�Selective Estrogen Receptor 
Modulators (SERM)

SERMs are estrogen receptor ligands that in 
some tissues, such as bone and cardiovascular 
system, act like estrogen but in other tissues, 
such as the breast and central nervous system, 
block the effects of estrogen. Different SERMs 
have varying effects on organs [137]. For 
instance, tamoxifen, the first SERM shown to 
effectively treat breast cancer, acts as an anti-
estrogen on breast tissue, breast cancer cells, 
and the central nervous system, while having 
estrogenic effects on bone, the cardiovascular 
system, the endometrial lining, and the vaginal 
mucosa [138–140]. The estrogenic effect on 
the vaginal mucosa causes a vaginal discharge. 
Recognition of this side effect led to the study 
of SERMs and their potential benefit in 
alleviating vaginal dryness and its conse-
quences [141].

Ospemifene is a SERM used to treat post-
menopausal vulvovaginal atrophy and associated 
dyspareunia. Ospemifene was found to be effec-
tive for treating vulvovaginal atrophy in a Phase 
3 trial with postmenopausal women with no can-
cer history [142], but this medication has not 
been adequately evaluated for use in breast can-
cer survivors [80]. Ospemifene’s impact on breast 
cancer risk in women with no cancer history 
remains unclear, and its impact on risk of recur-
rence in breast cancer survivors has not been 
studied. While ospemifene is used in Europe for 
breast cancer survivors who have completed 
treatment, it is not FDA approved for use with 
breast cancer survivors in the USA [80].

�Vaginal Laser Treatment

Vaginal laser therapies are increasingly being 
offered for the treatment of genitourinary symp-
toms of menopause [143, 144]. Vaginal laser 
treatments aim to induce changes in vaginal 
tissue to stimulate vascularity and promote pro-
duction of new collagen, which could result in 
improved integrity and elasticity of vaginal tis-
sue [80]. The FDA has approved laser treatment 
for other medical indications (e.g., dental proce-
dures, cosmetic surgery, cataract removal), but 
to date these therapies have not been approved 
for treating vaginal tissue. Available data sug-
gest that vaginal laser therapy with either the 
nonablative erbium-doped yttrium aluminum 
garnet laser (FotonaSmooth®) or the microabla-
tive CO2 laser (MonaLisa Touch®) may reduce 
symptoms of vaginal dryness and dyspareunia 
in women with no cancer history [143, 144]. 
However, many of these studies have small 
samples, short duration of follow-up, and poor 
quality research designs or methodology and/or 
are device-sponsored. In breast cancer survivors, 
one retrospective study (N  =  26) evaluated the 
effects of CO2 laser treatment on vulvovaginal 
symptoms [145]. Women were treated with three 
cycles of laser therapy, with each cycle occur-
ring every 30–40 days. Vulvovaginal symptoms 
significantly decreased over time regardless of 
type of adjuvant breast cancer therapy or age. 
Another small study prospectively evaluated 
the effects of CO2 laser treatment in postmeno-
pausal breast cancer survivors (N  =  20) [146]. 
This study found significant reductions in vul-
vovaginal symptoms from baseline to 30  days 
after the second laser treatment and, importantly, 
non-significant changes in the vaginal microbi-
ome suggesting that laser treatment may be safe 
for breast cancer survivors. One study evaluated 
Erbium laser treatment (three cycles occurring 
every 30 days) in post-menopausal breast cancer 
survivors (N  =  43) [147]. Vaginal dryness and 
dyspareunia were reduced after the third treat-
ment and up to 12  months after treatment, but 
effects were no longer present at 18  months. 
While these preliminary studies suggest that vag-
inal laser treatments could potentially improve 
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vaginal dryness and dyspareunia in breast cancer 
survivors, prospective randomized clinical trials 
are needed to determine the efficacy and safety 
of these treatments. Further, the optimal number 
of treatment cycles, duration between cycles, 
and number of retreatments needed have yet 
to be determined. High-quality data describing 
the indications, safety, benefits, and appropriate 
treatment regimens for vaginal laser treatment in 
breast cancer survivors are needed before recom-
mendations regarding the use of these therapies 
can be made [80].

�Bupropion

The antidepressant bupropion has been increas-
ingly used to treat sexual desire and arousal dis-
orders [148]. Bupropion belongs to the 
aminoketone class of antidepressants and is not 
related to tricyclics or to serotonin reuptake 
inhibitors. It is generally well tolerated with com-
mon side effects that include difficulties with 
concentration, insomnia, and tremors. While the 
mechanism of action for bupropion has not been 
clearly defined, it may facilitate dopamine and 
norepinephrine neuro-transmission by inhibiting 
reuptake [149].

Bupropion, sustained-release at 300 to 400 mg 
daily dose, has been shown to improve sexual 
arousal, orgasm, and sexual satisfaction in pre-
menopausal women with hypoactive sexual 
desire disorder, and women report being satisfied 
with the treatment [150, 151]. Bupropion has 
also been shown to increase sexual desire, 
arousal, orgasm intensity, and overall sexual sat-
isfaction in premenopausal women experiencing 
selective serotonin reuptake inhibitor (SSRI)-
induced sexual dysfunction [152]. Adding bupro-
pion sustained-release 150 mg twice daily to the 
SSRI regimen decreases SSRI-induced sexual 
dysfunction [148]. One small open-label trial has 
been conducted to evaluate the relationship 
between bupropion and sexual function in breast 
cancer survivors (N = 20; age: M = 50.6 years, 
SD = 2.7) [153]. Women who had completed che-
motherapy and were on adjuvant endocrine ther-
apy (with tamoxifen or an aromatase inhibitor) 

were eligible to participate. Breast cancer survi-
vors received oral bupropion 150  mg daily for 
8  weeks. After 4  weeks of treatment, women 
reported improved sexual function that persisted 
until the end of the study (i.e., 8 weeks). Women 
reported significant improvements in sexual 
desire, arousal, vaginal lubrication, orgasm, and 
sexual satisfaction. While this study reported no 
serious adverse events during the course of its 
short duration, data regarding the long-term 
safety and efficacy of bupropion in breast cancer 
survivors, especially those taking tamoxifen, is 
lacking [153]. Some data suggest that bupropion 
may inhibit CYP2D6 and interfere with metabo-
lism of tamoxifen [88], though the clinical impact 
of this pharmacologic interaction is likely negli-
gible [154].

�Flibanserin

The FDA approved flibanserin (Addyi®) 100 mg 
tablets in 2015 for the treatment of hypoactive 
sexual desire disorder (HSDD) in premenopausal 
women [155]. Flibanserin is a multifunctional 
serotonin agonist antagonist (a serotonin1A recep-
tor agonist and a serotonin2A receptor antagonist). 
The reported mechanism of action is to increase 
the release of norepinephrine and dopamine and 
decrease the release of serotonin in the cortex of 
the brain, which is believed to enhance sexual 
desire [156]. Studies examining the safety of 
flibanserin for premenopausal and postmeno-
pausal women with hypoactive sexual desire dis-
order have found that common side effects 
include dizziness, somnolence, nausea, and head-
ache [155]. The use of alcohol is contraindicated 
with flibanserin due to an increased risk for 
severe hypotension, syncope, sedation, and som-
nolence. In order to inform patients about these 
risks, flibanserin is currently administered in the 
context of a Risk Evaluation and Mitigation 
Strategy (REMS) program. The safety and effi-
cacy of flibanserin has not been studied in breast 
cancer survivors. One observational study is cur-
rently underway (estimated enrollment N  =  20 
with an estimated completion date in 2021) to 
examine the feasibility of using flibanserin in 
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breast cancers survivors taking tamoxifen or aro-
matase inhibitors (ClinicalTrials.gov identifier 
NCT03707340). The ASCO Practice Guideline 
for addressing sexual problems in cancer survi-
vors [116] states that clinicians may offer fliban-
serin to premenopausal women who are 
experiencing hypoactive sexual desire disorder. 
The Practice Guideline also includes an impor-
tant Qualifying Statement noting that flibanserin 
has not been evaluated in women with a history 
of cancer or those on endocrine therapy, and the 
risk/benefit ratio for this medication is uncertain.

�Bremelanotide

Bremelanotide (Vyleesi®) was approved by the 
FDA in June 2019 for the treatment of acquired, 
generalized HSDD in premenopausal women 
[155, 157]. Bremelanotide activates melanocor-
tin receptors, but the mechanism by which it 
improves sexual desire is unknown. To use 
bremelanotide, women inject it under the skin of 
the abdomen or thigh at least 45 minutes before 
anticipated sexual activity. The optimal time to 
inject bremelanotide may vary based on the dura-
tion of benefit and side effects experienced. More 
than one dose of bremelanotide should not be 
used within 24 hours or more than eight doses per 
month. Common side effects include nausea, 
vomiting, flushing, injection site reactions, and 
headache. Bremelanotide should not be used in 
women with high blood pressure that is uncon-
trolled or in those with known cardiovascular dis-
ease, and it is not recommended for women at 
high risk for cardiovascular disease [157]. The 
safety and efficacy of bremelanotide has not been 
studied in breast cancer survivors, and there are 
no recommendations regarding its use in this 
population.

�Phosphodiesterase Type 5 (PDE5) 
Inhibitors

While PDE5 inhibitors (e.g., sildenafil, tadalafil, 
and vardenafil) are used to treat male erectile 
dysfunction, these medications are not FDA 

approved for the treatment of female sexual dys-
function. Available data regarding the benefits of 
PDE5 inhibitor treatment for female sexual dys-
function are inconsistent and largely unfavorable 
[158]. The lack of efficacy for PDE5 inhibitor 
treatment in women may be due to the discor-
dance between genital and subjective measures 
of sexual response commonly found in women. 
Importantly, there are no adequately sized studies 
with longer-term data regarding the safety of 
PDE5 Inhibitors in breast cancer survivors [88].

�Herbs, Botanicals, and Other 
Products

Many breast cancer survivors express interest in 
supplements, natural remedies, botanicals, or 
herbal products for managing sexual difficulties 
[88]. Breast cancer survivors should be educated 
about the importance of carefully reading the 
ingredients and consulting with their oncology 
provider before using any such product [80]. 
There is no or very little data available regarding 
the safety and efficacy of these products for 
breast cancer survivors, and many of these prod-
ucts may be contraindicated for women with 
hormone-sensitive cancers. Table  5.8 summa-
rizes information from important online resources 
[159–161] and provides key information for sev-
eral commonly available products, including pur-
pose used, ingredients, and any known 
contraindications.

�Fertility Concerns

For women of reproductive age, treatments for 
breast cancer, including chemotherapies and 
endocrine therapies, may impact fertility (see 
Table  5.9) [11]. Organizations including the 
ASCO [162], ACOG [163, 164], American 
Society for Reproductive Medicine (ASRM) 
[165], NCCN [166], and International Consensus 
Conference for Breast Cancer in Young Women 
[167] recommend that, prior to treatment, provid-
ers discuss the potential impact of cancer treat-
ment on fertility and provide rapid referral (e.g., 

R. A. Shelby et al.

http://clinicaltrials.gov


73

Table 5.8  Herbs, botanicals, and other products

Product Description Purported uses Warnings and contraindications Comments
ArginMax Dietary supplement 

containing gingko 
biloba, panax 
ginseng, American 
ginseng, damiana, 
L-arginine, vitamins 
A, C, E, B-complex, 
zinc, and selenium

Increase sexual 
satisfaction and 
improve sexual 
function

Possible estrogenic activity of 
ginseng; L-Arginine may affect 
blood sugar levels; L-Arginine 
may worsen asthma symptoms; 
do not use during pregnancy or 
breast feeding. Possible 
interactions with anticoagulants, 
antihypertensive, and 
hypoglycemic drugs

Thought to enhance blood 
circulation and muscle 
relaxation; study in breast 
cancer survivors found no 
benefit for sexual function 
[217]

Avlimil Dietary supplement 
containing sage 
leaf, red raspberry 
leaf, kudzu root 
extract, red clover 
extract, capsicum 
pepper, licorice 
root, bayberry fruit, 
damiana leaf, 
valerian root, ginger 
root, and black 
cohosh root

Reduce 
symptoms of 
female sexual 
dysfunction 
including desire, 
arousal, and 
orgasm 
difficulties. 
Reduce pain 
with intercourse

Possible estrogenic effect of 
ingredients; Federal Trade 
Commission charged the 
marketers of Avlimil in making 
false and unsubstantiated claims

Thought to promote blood 
flow and muscle relaxation; 
No data available for 
formulation used in 
commercially available 
product; has not been 
studied in breast cancer 
survivors

Maca Plant root used to 
make extracts, 
tablets, and capsules

Increase sexual 
desire; reduce 
symptoms of 
menopause; 
infertility

Possible estrogenic effect; safety 
unknown during pregnancy and 
breast feeding

Data regarding benefits for 
sexual dysfunction, 
menopausal symptoms and 
infertility are inconsistent 
and lacking [218, 219].

Yohimbe Bark used to make 
extracts, tablets, and 
capsules

Increase sexual 
desire

Interacts with numerous drugs 
and can cause severe adverse 
effects. Contraindicated for 
those with high blood pressure, 
heart disease, arrhythmias, 
Parkinson’s disease, seizure 
disorders, kidney, thyroid, or 
liver disease, sexual organ 
inflammatory disorders, ulcers, 
or psychiatric disorders. Do not 
use during pregnancy or breast 
feeding. Should not be taken 
with antidepressants, foods 
containing tyramine, 
decongestants, diet aids, or 
phenylpropanolamine-containing 
products

Products containing 
yohimbe have a large 
number of documented 
contraindications, are 
responsible for frequent 
toxic effects, and have 
severe events requiring 
hospitalization. Amount of 
yohimbe in commercially 
available products is often 
inaccurate or not reported

Zestra Topical botanical 
formulation 
containing borage 
seed oil, evening 
primrose oil, 
angelica root 
extract, coleus 
forskohlii extract, 
ascorbyl palmitate, 
and di-alpha 
tocopherol

Reduce 
symptoms of 
female sexual 
dysfunction 
including desire, 
arousal, and 
orgasm 
difficulties. 
Reduce pain 
with intercourse

Contraindicated in women who 
are pregnant and breastfeeding 
and in those trying to conceive; 
not recommended for use in 
women with vaginal irritation, 
atrophy, or infection

Has not been studied in 
breast cancer survivors

Note: Information compiled from the Natural Medicines Comprehensive Database Consumer Version [159], National 
Center for Complementary and Integrative Health [160], and the Memorial Sloan Kettering Cancer Center online data-
base on herbs, botanicals, and other products [161]
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within 24 hours) for fertility preservation when 
possible. During this consultation, breast cancer 
patients should be provided with a personalized 
estimation of their risk of gonadal failure and 
infertility after their cancer treatment as well as 
information regarding available fertility preser-
vation strategies, the timing of fertility preserva-
tion procedures in relation to the initiation of 
cancer treatments, success rates, costs, and pos-
sible ethical considerations (e.g., posthumous use 
of stored oocytes or embryos, the use of embryos 
in the event of separation or divorce) [11, 168]. 
Decisions related to fertility preservation are 
complex and, for many patients, can be associ-
ated with emotional distress. Fertility-related 
emotional distress may in fact increase over the 
course of treatment and, for some patients, may 
persist for several years following treatment 
completion [169–171]. Thus, patients may also 
benefit from referral to a mental health profes-
sional to assist with making fertility-related deci-
sions, processing the long-term implications of 
these decisions, and managing uncertainty 
regarding fertility [166].

For breast cancer patients who are candidates 
for fertility preservation, possible options include 
oocyte or embryo cryopreservation, ovarian tis-
sue cryopreservation, and ovarian transposition 
[172, 173]. ASCO guidelines recommend that 
ovarian suppression with gonadotropin-releasing 
hormone (GnRH) agonists only be offered when 
proven fertility preservation methods are not fea-

sible [162]. Considerations for choice of preser-
vation modality may include patient preference, 
partner status, age, cost, the time required to pur-
sue preservation modalities, and potential side 
effects and toxicities associated with the preser-
vation strategy. For example, cryopreservation of 
oocytes or embryos, long considered the “gold 
standard” for female fertility preservation, 
requires approximately 2 weeks of ovarian stimu-
lation and egg retrieval, which may not be feasi-
ble for patients needing to start potentially 
gonadotoxic therapy emergently. Ovarian tissue 
cryopreservation (OTC) was previously consid-
ered experimental but was recently deemed non-
experimental by the ASRM [174]. OTC is 
typically performed by laparoscopic removal of 
ovarian tissue (either part of an ovary or an entire 
ovary). This surgery can be performed urgently 
prior to initiation of potentially gonadotoxic ther-
apy (i.e., does not require the two weeks of stim-
ulation needed for oocyte cryopreservation), it 
allows the patient to attempt natural conception 
after reimplantation, and it also restores endo-
crine (ovarian) function in the majority of women 
who undergo reimplantation. However, it is not 
currently offered at every center providing fertil-
ity preservation care, and it has been found to be 
more successful in younger women, with little 
data on resultant live births if tissue harvesting is 
performed over age 36–40 [175, 176].

Reproductive care is an essential component 
of cancer survivorship and necessary for patients 

Table 5.9  Female level of risk for ovarian failure and infertility after chemotherapy. Adapted from the Pediatric 
Initiative Network [220]

Type of chemotherapy
Minimally 
increased risk

Significantly 
increased risk

High level of significantly increased 
risk

Alkylating agents by 
cyclophosphamide equivalent dose 
(CED, gm/m2) [221]

CED <4 4–8 >8

Heavy metals/platinum agents Cisplatin
Carboplatin

Hematopoietic stem cell transplant 
(HSCT) conditioning

Alkylating agent +/− total body 
irradiation (TBI). Includes 
myeloablative and reduced intensity 
regimens

Radiation exposure Ovary [221, 
222]

<10 Gy ≥ 10 Gy

Hypothalamus 
[223]

22–29.9 Gy > 30–39.9 Gy > 40 Gy
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planning to use cryopreserved oocytes, embryos, 
or ovarian tissue. Of note, only ~7% of patients 
return to use their cryopreserved gametes [175]. 
This may be because some patients conceive on 
their own, others do not attempt to conceive, and 
current studies often lack the long-term follow-
up necessary to determine cumulative use. 
Following completion of adjuvant treatment with 
chemotherapy and/or radiation, and in consulta-
tion with the patient’s oncologist and maternal 
fetal medicine specialist to determine safety of 
attempting conception, a patient may decide to 
use her preserved oocytes, embryos, or tissue. 
When appropriate, fertilization of oocytes with 
sperm via intracytoplasmic sperm injection 
(ICSI) can be used for creation of embryos. 
Embryo transfer typically involves several weeks 
of hormone supplementation (versus utilization 
of the patient’s natural cycle) followed by a non-
invasive office procedure for placing the embryo 
into the patient’s uterine cavity; this procedure 
can be performed regardless of the patient’s ovar-
ian function and menopausal status after her can-
cer therapy. Rates of pregnancy among cancer 
survivors following embryo or oocyte cryo-
preservation are currently unknown. In the gen-
eral population, the cumulative pregnancy rates 
for embryo and oocyte cryopreservation are 
approximately 60% and 50%, respectively [177]. 
From the planned ovarian tissue cryopreservation 
literature (sometimes referred to as “elective” 
fertility preservation for typical ovarian aging), 
the success rate is highly dependent on patient 
age and oocyte yield [178] and averages 5–7% 
chance of live birth per cryopreserved oocyte 
[179]. Finally, ovarian suppression with gonado-
tropin releasing hormone (GnRH) analogs 
administered during cytotoxic therapy have been 
associated with reduced risk for subsequent pre-
mature ovarian failure (and possibly higher rates 
of post-treatment pregnancy) in breast cancer 
patients [180]. A randomized prospective trial 
(POEMS) conducted by the SWOG cancer 
research network demonstrated improved rates of 
pregnancy in triple negative breast cancer patients 
who received the GnRH analog goserelin during 
their chemotherapy compared to control group 
who did not (21% vs 11%, p0.03) [181].

While patients with hormone receptor posi-
tive disease may have concerns about the impact 
of pregnancy and/or early termination of endo-
crine therapy on cancer outcomes, data from ret-
rospective studies suggests that pregnancy is not 
associated with increased risk of recurrence or 
reduced disease-free survival [182–184]. It is not 
yet known whether stopping endocrine therapy 
to become pregnant is associated with poor can-
cer outcomes. A large-scale prospective study is 
currently under way to examine the risk of breast 
cancer recurrence associated with temporary 
interruption of endocrine therapy for estrogen 
receptor positive women who wish to become 
pregnant (POSITIVE: Pregnancy Outcome and 
Safety of Interrupting Therapy for Women with 
Endocrine Responsive Breast Cancer; 
NCT02308085). Women with estrogen receptor 
positive disease who interrupt endocrine therapy 
for the purpose of pregnancy should resume 
treatment following the birth of the child. It is 
also important to note that women with hormone 
receptor positive cancer who choose to cryopre-
serve oocytes or embryos will likely be offered 
co-administration of hormonal suppression dur-
ing ovarian stimulation (e.g., with an aromatase 
inhibitor to decrease estradiol levels). This tech-
nique has been shown to successfully decrease 
the peak hormone levels reached during ovarian 
stimulation and does not appear to affect oocyte 
yield or quality [185, 186]. At a median follow-
up of 5  years, patients with hormone-receptor 
positive cancer who chose to undergo fertility 
preservation with co-treatment with ovarian 
stimulation and aromatase inhibitor had no 
increase in recurrence rates compared with 
patients who did not undergo fertility preserva-
tion [185, 186].

Despite the availability of fertility preserva-
tion options, not all women are able or choose to 
engage in fertility preservation prior to initiating 
treatment. For women experiencing premature 
ovarian failure as a result of their treatments, 
there remain several options for family building. 
Women may engage in IVF using a donated 
oocyte fertilized by sperm from a partner or a 
donor; donor egg IVF has high cumulative preg-
nancy rates and is typically an option regardless 
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of patient’s menopausal status. Alternatively, for 
women unable to carry a child or who do not 
wish to undertake the risks of pregnancy, the use 
of a gestational carrier or adoption may be 
options [172, 180].

�Conclusions

Breast cancer and its treatments significantly 
impact survivors’ sexual and reproductive 
health [2, 3], and these changes often result in 
emotional distress, decreased emotional well-
being, lower overall quality of life, and nega-
tively impacted relationships [10, 12–15]. 
Because sexual and reproductive health diffi-
culties are often complex, a multidisciplinary 
approach is required to address the many facets 
that can impact and be impacted by sexual and 
reproductive health changes. Current guide-
lines highlight the importance of routinely 
assessing and treating sexual problems as part 
of high-quality breast cancer survivorship care 
[14, 80, 116]. For women of reproductive age, 
multiple organizations stress the importance of 
addressing fertility concerns at the time of 
diagnosis, during treatment, and in longer-term 
survivorship [162–167]. The information pro-
vided in this chapter can help providers who 
care for breast cancer survivors better under-
stand the impacts of breast cancer treatments on 
sexual function, approaches for assessing sex-
ual problems, strategies for managing sexual 
problems, and recommendations for managing 
fertility concerns among these patients. It is 
also extremely important to recognize that 
addressing the sexual and reproductive health 
problems experienced by breast cancer survi-
vors often requires a collaborative multidisci-
plinary team [14]. A robust referral network for 
sexual and reproductive health care is essential 
for helping oncology teams and breast cancer 
survivors manage these concerns. Working with 
breast cancer survivors to address their sexual 
and reproductive health difficulties can lead to 
greater emotional well-being, healthier rela-
tionships, and improved quality of life in breast 
cancer survivorship.
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Arthralgias
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�Introduction

Arthralgia is defined as non-inflammatory joint 
pain, whereas arthritis describes inflamma-
tory joint pain. This distinction is paramount 
in a breast cancer survivor, as the etiologies 
of non-inflammatory and inflammatory joint 
pain differ. In this chapter, we will review 
several causes of joint pain, both inflamma-
tory and non-inflammatory, for the practicing 
oncologist and clinicians who are caring for 
breast cancer survivors. We will discuss recom-
mended approaches to further evaluation, diag-
nosis, and treatment, with particular attention 
to treatment of aromatase inhibitor-associated 
arthralgia (AIAA). We also discuss cases when 
it is appropriate to refer to a rheumatologist for 
further evaluation and treatment. Expert over-
views on arthritis and arthralgia are available 
elsewhere [1, 2].
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6

Arthralgia in a Patient with a Breast Cancer 
History – Differential Diagnosis and 
Work-Up
•	 Figure 6.1 outlines our recommended 

approach to a patient who has a history 
of breast cancer and develops new joint 
pain. Although the algorithm flows as 
though the evaluation is sequential and 
the cause of joint pain can be clearly 
defined, care must be taken to consider 
multiple causes and approaches, since 
there may be more than one contributing 
factor.

•	 The differential diagnosis will help to 
guide the initial evaluation, which 
should include a detailed history, physi-
cal exam, and basic laboratory evalua-
tion. Table 6.1 provides a broad list of 
possible causes of joint pain.

•	 Laboratory evaluation is often helpful in 
diagnosing inflammatory arthritis or 
secondary causes of joint pain, but 
should only be used to supplement clini-
cal assessment by history and physical 
exam. Table  6.2 lists laboratory tests 
that should be considered in evaluation 
of suspected inflammatory joint pain.
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Patient with breast cancer history
presenting with new joint pain

Evaluate for
other causes
of joint pain

Post-chemotherapy
rheumatism

Treatment
with an AI?

Recent chemotherapy?

yes
no

no

Aromatase Inhibitor-
Associated Arthralgia
(AIAA)

yes

Basic history, physical exam,
and laboratory evaluation

Suggestive of metastases?

Staging scans to rule out
bone or other metastases

yes
no

Fig. 6.1  Recommended 
approach to arthralgia in 
a woman with a breast 
cancer history

Table 6.1  Differential diagnosis for joint pain

Causes of arthralgia History Physical exam Laboratory evaluation
Endocrine
Estrogen deficiency
Hypothyroidism
Hyperparathyroidism
Vitamin D deficiency
Anemia

Cessation of menses; 
menopausal symptoms
Weight gain, fatigue, 
hyporeflexia
Abdominal pain
Fatigue, proximal 
myopathy
Fatigue

– Estradiol, FSH, LH
TSH, Free-T4, T3
Hypercalcemia, elevated 
PTH
Low 
25-hydroxyvitaminD
Low hemoglobin and 
hematocrit

Drug-related
Statins and other lipid-
lowering drugs
Aromatase inhibitors
Selective estrogen receptor 
modulators
Bisphosphonates (particularly 
IV)
Thiazide diuretics

– – –

Metabolic
Liver disease
Renal disease

– –
LFP
RFP

Rheumatic
Connective tissue disease 
(CTD; lupus, scleroderma, 
Sjogrens)
Sarcoidosis
Vasculitis
Hyperuricemia
Hypermobility
Fibromyalgia

Fatigue, sleep 
disturbance, anxiety or 
depression, other pain 
syndromes

Rash, oral ulcers, other 
clinical features of 
CTD
Joint hypermobility

Elevated ANA titer
Elevated serum ACE
ANCA positive
Elevated serum urate

G. G. Kimmick et al.
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�Evaluation of Arthralgia (for 
the Non-rheumatologist)

Most breast cancer survivors will experience 
non-inflammatory arthralgia, but one must 
consider new-onset inflammatory arthritis as 
well (Fig.  6.2). The differences between non-
inflammatory and inflammatory arthritis are pre-
sented side by side for comparison in Table 6.3. 
Rheumatoid arthritis is the most common inflam-
matory arthritis and presents in women in the 4th 
to 5th decade of life. The prevalence of rheuma-
toid arthritis is about 1% of the population [3]. 
Inflammatory arthritis is marked by joint pain 
with associated swelling, morning stiffness for 
1 hour or greater, elevated inflammatory mark-
ers such as erythrocyte sedimentation rate (ESR) 
and c-reactive protein (CRP), autoantibody pro-

duction in some cases, and radiographic changes 
of joint space narrowing, peri-articular osteope-
nia, and joint erosions [4]. Some patients with 
inflammatory arthritis will also have a mild ane-
mia secondary to chronic inflammation.

Non-inflammatory joint pain is usually char-
acterized by pain in the absence of swelling, 
morning stiffness that lasts up to 30 minutes, nor-
mal inflammatory markers, and radiographic 
changes of joint space narrowing and bone 
growth, such as osteophytes. There are several 
causes of non-inflammatory arthralgia in breast 
cancer survivors, including post-chemotherapy 
rheumatism, aromatase inhibitor associated 
arthralgia (AIAA), post-menopausal arthralgia, 
joint hypermobility syndrome (JHS), and osteo-
arthritis (OA). While osteoarthritis is the most 
common etiology for arthralgia in the general 

Causes of arthralgia History Physical exam Laboratory evaluation
Infection
Parvovirus
Hepatitis B/C/HIV
Ross River virus
Brucellosis
Whipple’s disease
Lyme disease

Viral symptoms
Relevant exposure 
history
History of insect bite

Rash
Jaundice

Positive serology for 
infectious agent

Malignancy
Bone metastases
Paraneoplastic syndrome

Weight loss, bone pain, 
fever

Bone pain Abnormal bone scan

ANA  antinuclear antibody, ACE  angiotensin converting enzyme, ANCA  anti-neutrophil cytoplasmic antibodies,  
FSH follicular stimulating hormone, LH luteinizing hormone, TSH thyroid stimulating hormone, PTH parathyroid 
hormone, LFP liver function panel, RFP renal function panel

Table 6.1  (continued)

Table 6.2  Laboratory tests helpful for evaluation of joint pain

Complete blood count (CBC) and white blood cell differential
Biochemistry profile, to include liver function panel and renal function panel (includes electrolytes and 
calcium)
Urea
Acute phase reactants: c-reactive protein (CRP) and erythrocyte sedimentation rate (ESR)
Serum urate
Creatinine kinase
Thyroid function
Parathyroid hormone
Anemia work-up:  iron studies, B12 (± methylmalonic acid level), RBC-folate
25-hydroxyvitamin D level
Autoantibodies (ANA, RF, anti-cyclic citrullinated peptide antibodies)
Viral or other serologic testing (ex. Parvovirus B19, hepatitis B, C, HIV)

LFP liver function panel, RFP renal function panel, RBC red blood cell, RF rheumatoid factor, HIV human 
immunodeficiency virus

6  Arthralgias
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population with about 250 million people affected 
worldwide, special consideration must be given 
to breast cancer survivors for these other types of 
non-inflammatory arthralgia [5]. Post-
chemotherapy rheumatism and AIAA are dis-
cussed further in subsequent sections, but both 
are related to current or recent treatment regi-
mens. Post-menopausal arthralgia results from 
changes in a woman’s estrogen levels and should 
be highly suspected in breast cancer survivors 
who have undergone menopause via medical 

treatments or surgical treatments like bilateral 
oophorectomy [6]. Joint hypermobility syndrome 
(JHS) is a benign hypermobility syndrome that is 
sometimes referred to as a milder variant of 
Ehlers-Danlos syndrome (EDS) and can affect 
women of all ages. Joint hypermobility predis-
poses women to having earlier-onset osteoarthri-
tis, making early recognition vital to begin 
lifestyle modification treatments to prevent injury 
and morbidity associated with JHS [7].

When screening for inflammatory arthritis in 
women with a history of breast cancer, checking 
a rheumatoid factor (RF) and an anti-citrullinated 
peptide antibody (ACPA) is necessary. While 
two-thirds of patients with rheumatoid arthritis 
will have positive auto-antibodies, one-third of 
patients will be “seronegative,” meaning the 
rheumatoid factor and anti-citrullinated peptide 
antibody are both negative, despite the patient 
having a clinical diagnosis of rheumatoid arthri-
tis [5]. Inflammatory markers ESR and CRP 
should also be checked in patients with swollen 
joints. A patient in whom inflammatory arthritis 
is suspected by history, physical, and laboratory 
evaluation, or in whom inflammatory arthritis 
cannot be ruled out with certainty, should be 
referred to rheumatology for further evaluation 
and treatment recommendations.

Evaluate for other
causes of joint pain

Is there joint swelling on
exam?

No

Non-inflammatory
arthralgias

Post-menopausal
arthralgia

Joint Hypermobility
Syndrome (JHS)

Osteoarthritis (OA)

Inflammatory Arthritis vs
Osteoarthritis (OA)

Yes

Further evaluate with RF, ACPA,
ESR, CRP +/- joint radiographs

normal
labs

elevated
labs

Possible
Inflammatory
Arthritis–refer

to Rheumatology

Fig. 6.2  Approach to evaluate for other causes of arthralgia

Table 6.3  Inflammatory Arthritis versus Non-
inflammatory Arthralgia Comparison Chart

Inflammatory 
Arthritis

Non-
Inflammatory 
Arthralgia

History & 
Clinical 
Findings

Joint pain with 
associated 
swelling
Morning stiffness 
≥1 hour

Joint pain 
without swelling
Morning stiffness 
≤30 mins

Lab Test 
Abnormalities

Positive 
autoantibodies 
(RF, ACPA)
Elevated 
inflammatory 
markers (ESR, 
CRP)
Anemia (chronic 
inflammation)

Normal 
inflammatory 
markers (ESR, 
CRP)
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While evaluating for common and treatable 
causes of arthralgia, consideration should be 
given to the patient’s breast cancer and treatment 
history (Fig.  6.1). If she had a cancer that was 
advanced stage and/or high risk of metastases, if 
there are findings on physical exam or laboratory 
evaluation that raise concern for metastases, then 
staging scans should be done to rule out meta-
static disease as the cause of the new pain. If not, 
and she has recently completed chemotherapy, 
the onset of arthralgia may be due to post-
chemotherapy rheumatism. If there is low suspi-
cion for metastases and she has not had 
chemotherapy, and is on an AI, the AI may be 
contributing to the arthralgia. Referral to a rheu-
matologist should be considered if the arthralgia 
history raises the concern about the presence of a 
rheumatologic disorder and inflammatory arthri-
tis or if the arthralgia is more severe and persis-
tent than what would be expected for AIAA.

�Post-chemotherapy Rheumatism

Post-chemotherapy rheumatism is a syndrome of 
arthralgia that arises within a few months after 
finishing chemotherapy, lasts for 3–4  months, 
and then subsides [8, 9]. The first published 
report of arthralgia after chemotherapy was pub-
lished by Dr. Loprinzi and colleagues [8]. They 
suggested that symptoms generally occur within 
1–2 months following the completion of chemo-
therapy. Subsequently, others have reported simi-
lar short intervals to the onset of arthralgia of 
about 3–8 months [9–11]. Loprinzi et al. identi-
fied cyclophosphamide/fluorouracil adjuvant 
chemotherapy as the most common regimen 
associated with post-chemotherapy rheumatism 
[8]. Since that first report, other regimens, such as 
standard adjuvant chemotherapy for patients with 
lung cancer and those containing cyclophospha-
mide for breast cancer patients, were also 
reported to be associated with the development of 
rheumatic symptoms [9, 10]. Another retrospec-
tive analysis of patients with post-treatment rheu-
matism, which included various cancer types, 
found that fluorouracil most commonly caused 
the syndrome, followed by cyclophosphamide 

and cisplatin [11]. Other case series reported 
post-chemotherapy rheumatic symptoms with 
many chemotherapeutic agents and not limited to 
a single agent or group of drugs [12].

Symptoms of post-chemotherapy rheumatism 
can involve many joints, most commonly toes, 
fingers, ankles, knees, and shoulders [10–13]. 
Symptoms are usually treated with common 
analgesics, but subside within a few months with 
or without treatment [8]. Patients in whom the 
onset of arthralgia is within 3–4 months of com-
pleting chemotherapy, therefore, likely have 
post-chemotherapy rheumatism and can be reas-
sured that the symptom course is self-limited.

�Aromatase Inhibitor-Associated 
Arthralgia

Aromatase inhibitors (AIs) are the mainstay of 
adjuvant treatment for hormone receptor posi-
tive breast cancer in postmenopausal women. 
Compared to tamoxifen in the adjuvant setting, 
AIs lead to better rates of relapse-free survival 
[14]. The safety of adjuvant AIs has been estab-
lished in large, randomized trials including the 
Anastrozole, Tamoxifen Alone or in Combination 
(ATAC) [15], Breast International Group 1-98 
(BIG 1-98) [16, 17], and Intergroup Exemestane 
Study (IES) [18]. Initially, the greater therapeutic 
benefit of AIs and lower risk of serious compli-
cations, such as thrombotic events and estrogenic 
effects on the endometrial lining leading to vaginal 
bleeding and endometrial cancer that have been 
associated with tamoxifen, led to great enthusiasm 
[19]. Subsequently, however, musculoskeletal side 
effects of AIs, including non-inflammatory joint 
pain, stiffness, and achiness, have proven very 
bothersome and highly prevalent [13, 20, 21].

Post-chemotherapy Rheumatism
•	 Timing: onset a few months after che-

motherapy, lasts 3–4  months and sub-
sides with or without treatment

•	 Involved joints: many
•	 Treatment: analgesics

6  Arthralgias
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The prevalence of AI-associated arthralgia 
(AIAA) spans 10–80% of women on AIs, depend-
ing on the population studied and the method of 
data collection [22–26]. In clinical trials, the inci-
dence is up to 36% [27–30], while in clinical 
practice and where musculoskeletal side effects 
were the study focus, the rate is reported to be as 
high as 80% [22, 23, 26, 31–36].

The clinical presentation can vary consider-
ably, but typical symptoms include symmetrical 
pain or stiffness in the joints that is not associated 
with inflammation or joint destruction [13]. 
Symptoms can appear anywhere from 6 weeks to 
12 months after starting AI therapy, increase over 
time, cease upon discontinuation of AI therapy, 
and range from minor to moderate or severe, with 
almost 70% reporting symptoms as moderate to 
severe [22, 25, 34, 37–40]. Affected joints typi-
cally include the hands, wrists, ankles, knees, 
hips, pelvic bones, and spine [24, 26, 41]. Patients 
may describe soreness or stiffness in the joints, 
early morning stiffness, swelling, difficulty 
sleeping, difficulty completely closing or stretch-
ing the hand and/or fingers, and even difficulty 
performing daily activities, such as dressing, 
driving, or typing [32, 42, 43]. Ultrasound evalu-
ation of the joints in AI users found that AI users 
have joint and tendon effusions and thicker ten-
dons than non-AI users [32]. Carpal tunnel syn-
drome, trigger finger, and other tendinopathies 
are more common in women on AIs [44–47]. 
Symptoms can be severe enough to cause women 
to stop taking this potentially life-saving treat-
ment. In fact, AIAA is the most common reason 
for noncompliance with AIs [24, 48, 49]. Both 
non-adherence to and early discontinuation of 
AIs are independent predictors of mortality [50].

The risk factors for AIAA are not well defined 
[22, 40, 51, 52]. In the absence of AI therapy, 
arthralgias are more prevalent in postmenopausal 
compared to pre- or perimenopausal women and 
in people with higher BMI and lower overall 
physical activity [53–55]. Described predictors 
of AIAA are listed in Table 6.4. In the ATAC trial, 
obesity (BMI >30 kg/m2 versus <25 mg/m2; OR 
1.32 [1.14–1.53]), history of hormone replace-
ment therapy (OR 1.72 [95%CI 1.53–1.93]), and 
taking anastrozole (versus tamoxifen; OR 1.25 

[1.11–1.40]) and prior chemotherapy (OR 1.34 
[95%CI 1.17–1.53]) significantly increased the 
risk of arthralgia [40]. Geographic region (i.e., 
living in North America versus United Kingdom) 
and hormone receptor positive cancer, versus neg-
ative, were also risk factors in the ATAC trial. In a 
cross-sectional analysis of joint symptoms among 
postmenopausal women taking AIs in an urban 
academic breast oncology clinic, arthralgia was 
less common among overweight (BMI 25–30 kg/
m2) women compared with those women with 
a normal BMI (<25  mg/kg2) or those classified 
as obese (BMI  >  30  mg/kg2). Participants who 
had taken prior tamoxifen therapy also had less 
arthralgia, but prior taxane therapy increased the 
likelihood of arthralgias fourfold (odds ratio [OR] 
for joint pain = 4.08, 95% CI, 1.58–10.57 and OR 
for joint stiffness  =  4.76; 95% CI, 1.84–12.28) 
[22]. A multivariable model among women initi-
ating AI showed that baseline severity of meno-
pausal symptoms and presence of joint-related 
comorbidity (OA, RA, psoriatic arthritis, lupus, 
gout, ankylosing spondylitis, fibromyalgia, 
osteoporosis, osteopenia, or Sjogren’s syndrome) 
were associated with increased arthralgia sever-
ity over a year [39]. They did not see an asso-
ciation between arthralgia severity and use of 
radiotherapy or chemotherapy.

�Management of AIAA (Fig. 6.3)

Several reports have described potential algo-
rithms to guide management of AIAA [24, 56–
60]. Most of the algorithms are based on anecdotal 
evidence and evidence borrowed from other 

Table 6.4  Risk factors for aromatase inhibitor-associated 
arthralgia

History of hormone replacement therapy
Under weight (BMI <25) or obese (BMI >30)
Recent prior adjuvant chemotherapy
Prior taxane chemotherapy
Baseline severity of menopausal symptoms
The presence of joint-related comorbidity (OA, RA, 
psoriatic arthritis, lupus, gout, ankylosing spondylitis, 
fibromyalgia, osteoporosis, osteopenia, or Sjogren’s 
syndrome)
Lower physical activity
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fields of research, such as arthritis, rather than tri-
als specific to AIAA. We propose an algorithm 
based on the data available for AIAA and that is 
supported by sound clinical principles. For 
instance, the effect size for pain improvement 
favors pharmacologic approaches, such as dulox-
etine, compared to physical exercise and vitamin 
D supplementation [61], but other health benefits 
of physical exercise and vitamin D supplementa-
tion led us to recommend those before a prescrip-
tion for duloxetine.

Over-the-counter (OTC) pain relievers, includ-
ing oral analgesics, such as acetaminophen, ibu-
profen, and naproxen, and topical agents, such 
as capsaicin, salicylates, other anti-inflammatory 
agents, counterirritants, and anesthetics, can be 
helpful in alleviating minor joint pain. OTC pain 
relievers have been informally reported to be ben-
eficial for AIAA in cross-sectional surveys [22, 23]. 
One cross-sectional study of arthralgias from AIs 
found that half of women used OTC pain medicines, 
most commonly acetaminophen and non-steroidal 
anti-inflammatory drugs (NSAIDs), and over three-
quarters reported relief in arthralgia symptoms [22]. 
The use of stronger, prescription analgesics, such as 
NSAIDs, other pain modifiers, and sleep aids [21, 
56, 57, 62], can be considered, but have not been 
studied in AIAA and may have more serious side 
effects. Given that OTC pain relievers are read-
ily available, we recommend that management of 

AIAA starts with these and the recommendation to 
establish a regular exercise schedule.

Psychological and behavioral approaches, 
such as cognitive-behavioral therapy (CBT), 
mindfulness, Acceptance and Commitment 
(ACT)-based therapy, and relaxation techniques, 
have proven benefits for chronic pain, for arthritic 
pain [63], and for cancer-related pain [64–67] 
and are currently being studied for AIAA [68]. 
Cognitive-behavioral therapy is a short-term 
form of psychotherapy that focuses on modifying 
emotions, behaviors, and thoughts in order to find 
solutions to a problem. During CBT, patients 
learn how to increase awareness of thoughts and 
to modify thought patterns to reduce severity of 
symptoms. Based on the success of psychologi-
cal and behavioral approaches for pain in gen-
eral, we included it as an initial option for AIAA 
pain in our algorithm.

The presence of joint symptoms may indicate 
greater efficacy of AI therapy [69, 70]. Patients 
should be reassured by the following: (1) their 
symptoms are not due to permanent changes in 
the joints or joint destruction and are reversible 
upon AI withdrawal, (2) the exacerbation of joint 
symptoms may be a surrogate marker of the 
effectiveness of the endocrine therapy and may 
be associated with a reduced risk of breast cancer 
recurrence [70], and (3) the symptoms will likely 
improve with time, even on therapy.

Recommend:
-   regular exercise schedule
-   use of over-the-counter analgesics
-   psychosocial/behavioral approaches to pain management

Offer prescription
for duloxetine

Vitamin D
supplementation

Willing and financially able to try
CAM or other supplements

Low vitamin D?
yes no

no

Recommend trial of one of
the following:
-   Acupuncture
-   Yoga
-   Glucosamine/chondroitin

yes

Aromatase Inhibitor Associated Arthralgia

Consider switch to another AI (or tamoxifen)

Arthralgia persists

Refer to
rheumatology for
evaluation and
recommendations

Arthralgia persists

Arthralgia
persists

Arthralgia
persists

Fig. 6.3  Recommended 
management approach 
for aromatase inhibitor-
associated arthralgia 
(AIAA)
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�Exercise

The benefit of regular physical activity in breast 
cancer survivors has been extensively studied. 
Exercise has been shown to decrease the severity 
of arthritis and AIAA [71–75], decrease the risk 
of cancer recurrence, decrease cancer morbidity 
(both breast cancer and all cause), decrease 
fatigue, and improve bone density [76, 77]. 
Greater exercise is also associated with weight 
maintenance, important because breast cancer 
survivors whose BMI increases by 0.5–2 points 
have a 40% greater risk of recurrence than those 
who maintain their weight [77]. Despite the sub-
stantial benefits, compliance with exercise rec-
ommendations poses a significant barrier. 
Studies have shown that only 20–30% of patients 
are active following a cancer diagnosis (mean 
time since diagnosis was 9.5  years). 
Approximately 20% of women gain between 10 
and 20 kg during chemotherapy [78]. In order to 
increase patient participation in exercise, we rec-
ommend that an exercise prescription, outlining 
specific recommendations (see below), be given 
to every breast cancer survivor. It is important to 
review symptom management strategies with 
each patient and encourage them to increase 
activity as tolerated, as symptoms are a key bar-
rier to exercise in this population. Additionally, 
it is important that a member of the health-care 
team inquire about compliance and progress at 
each follow-up visit.

The mechanisms underlying pain reduction 
due to regular exercise include (1) endogenous 

opioid production, (2) increased pain thresh-
old, and (3) decreased excitation and increased 
inhibition of central nervous system pathways 
responsible for pain production [79]. In 
patients with chronic pain, there are alterations 
in the central nervous system that lead to 
impaired pain modulation. In animal models, 
for example, pain relief significant after 
8  weeks of physical activity, but not after 
5 days [80]. This suggests that patients are not 
likely to experience an immediate reduction in 
their pain and require repeated, regular physi-
cal activity in order to experience analgesia. 
We, as clinicians, must set this expectation 
with our patients in order to promote increased 
compliance.

The benefit of exercise in alleviating AIAA 
has been evaluated in the Hormones and Physical 
Exercise (HOPE) study, which examined the 
effects of a regimented exercise program ver-
sus standard of care on AIAA [71]. The study 
included 121 participants who had been on an AI 
for at least 6 months, reported less than 90 min-
utes of exercise per week, and ranked their 
arthralgia pain as 3/10 or greater (based on the 
Brief Pain Inventory Questionnaire). Participants 
were randomized into a standard of care group 
(no instruction about exercise from care team) 
or the exercise intervention group. Participants 
in the exercise intervention group participated 
in twice-weekly, supervised resistance training 
sessions with a certified cancer exercise trainer 
and 150  minutes of independently led cardio-
vascular exercise per week, which could include 

Cardiovascular 
exercise

150 minutes/week of moderate-
intensity aerobic exercise OR 
75 minutes per week of high-intensity 
exercise OR a combination of both
Try to spread sessions throughout the 
week

Examples of moderate- intensity: walking, gardening, 
treading water, riding a bike on flat terrain/stationary bike, 
cleaning/doing chores
Examples of high- intensity: jogging, swimming, tennis, 
hiking, dancing, riding a bike on an incline, playing tag 
with your children or grandchildren

Strength 
Training

Moderate- to high-intensity muscle-
strengthening activity (such as 
resistance or weights) on at least 
2 days per week.

Research recommends 8–12 different exercises targeting 
the major muscle groups, for 1–3 sets
Major muscle groups include quadriceps, hamstrings, 
calves, chest, back, shoulders, triceps, biceps, forearms, 
abdominal muscles
These exercises can be done using free-weights, resistance 
bands, or machines
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walking or biking inside or outside. In order to 
monitor adherence to the cardiovascular exercise, 
participants were given a heart rate monitor to 
wear during exercise, and they kept a log detail-
ing the type, duration, and average heart rate 
during each work-out. The logs were reviewed 
by the exercise trainer on a weekly basis. Data 
was analyzed at 3, 6, 9, and 12 months. Results 
showed the most significant improvement at 
12 months. After 12 months, the exercise inter-
vention group showed a 1.6 point reduction in 
their worst pain, and a 1.1 point reduction in 
the severity of their pain and pain interference 
(p < 0.001). Notably, this study showed that there 
was not a dose-dependent effect: attending more 
frequent strength training sessions and increas-
ing the amount of cardiovascular exercise did 
not improve pain from arthralgia. This raises the 
question about a plateau effect, whereby more 
frequent or intense exercise has little additional 
benefit.

Other studies have also established the benefit 
of regular physical activity on decreasing pain, 
but the frequency and duration required to 
achieve optimal benefits remains unclear [72, 73, 
81]. It is apparent, however, that sustained com-
pliance to any regular regimen yields benefit [71, 
77]. It is vital that we help set individualized, 
attainable goals for our patients. During periodic 
assessments, we can titrate recommendations 
based on patient response. Additionally, we must 
set the expectation with our patients that mean-
ingful pain relief may not be achieved for up to a 
year. In Table  6.5, we outline general exercise 
goals. Exercise recommendations will vary 
between patients, however, according to func-
tional and psychosocial factors. There are many 
free or low-cost programs and exercise groups 
available to cancer survivors. We encourage each 
clinician to research local programs and share 
this information with patients.

�Vitamin D

Vitamin D, through its metabolite, calcitriol, 
binding to the vitamin D receptor (VDR), is 
important to many body functions [82]. This 

includes not only its essential role in calcium 
and phosphate absorption in the kidneys, intes-
tine, and bones that leads to normal bone min-
eralization and remodeling [83] but also its role 
in promoting normal, healthy cell proliferation 
in breast and other tissues. In fact, risk of breast 
cancer is increased when vitamin D level is low 
[84]. The symptoms of vitamin D deficiency vary 
broadly among patients. Patients may present 
endorsing generalized musculoskeletal stiffness/
aches, peripheral neuropathy, muscle weakness, 
fatigue, and seasonal depression (particularly 
in the winter, secondary to decreased sun expo-
sure manufacture of vitamin D by the skin) [85]. 
Vitamin D can be measured in the blood as its 
active metabolite, calcitriol (1,25-dihydroxyvi-
tamin D), or as its relatively inactive precursor, 
calcidiol (25-hydroxyvitamin D [25-OHD]). 
Under most circumstances, vitamin D status is 
more accurately reflected by measuring 25-OHD, 
because it has a long half-life, is present in 
higher concentrations, and is not influenced by 
parathyroid hormone levels and other hormones. 
In unique cases, such as renal disease, 1,25 dihy-
droxyvitamin D level may be used to better deter-
mine vitamin D status. Vitamin D deficiency is 
defined as plasma levels of 25-hydroxyvitamin 
D (25-OHD) <20  ng/ml, and insufficiency as 
21–31 ng/ml [86]. Studies have shown that 90% 
of women have baseline 25-OHD concentrations 
of <30 ng/ml. Due to the large amount of overlap 
between cancer, chemotherapy side effects, and 

Table 6.5  Recommendations for exercise

Goals Examples
150 Minutes of 
Moderate-Intensity 
Aerobic Exercise 
Per Week

Walking
Bicycling
Dancing
Water aerobics
Housework

2 Strength Training 
Sessions Per Week

8–12 different exercises with 1–3 
sets targeting major muscle 
groups (quadriceps, hamstrings, 
calves, chest, back, shoulders, 
triceps, biceps, forearms, 
abdominal muscles)

Periodic 
Assessments of 
Adherence and 
Progress

Phone call
Verbal or written assessment at 
follow-up visits
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vitamin D deficiency, we suggest that the testing 
of plasma concentrations of 25-OHD be added to 
the standard lab panel for any patient endorsing 
AIAA, every new patient, and at least once for 
any patient that has not been tested previously. 
Early implementation of vitamin D supplemen-
tation can be helpful in preventing and reducing 
the incidence of AIAA [86–88].

Several studies have looked into optimal 
plasma concentrations of 25-OHD needed in 
order to prevent/attenuate arthralgia in women 
on AI therapy. A prospective cohort study con-
ducted in Barcelona, Spain, followed 260 post-
menopausal women diagnosed with early-stage 
breast cancer who had 25-OHD concentrations 
<30  ng/ml and were started on an AI [87]. 
Patients with preexisting bone disorders (rheu-
matoid arthritis, metabolic/endocrine disorders, 
etc.) were excluded from this study. Results were 
adjusted for age, BMI, season when the 25-OHD 
sample was drawn, type of AI, prior tamoxifen 
therapy, and previous fracture. In assessing pain, 
participants were asked to exclude chronic back 
pain and post-operative pain; 30% of partici-
pants had preexisting joint pain. All participants 
scored the intensity of their joint pain using the 
visual analogic scale (VAS) at baseline and at 
3  months. Additionally, plasma concentrations 
of 25-OHD were drawn at 0 and 3 months. All 
participants received calcium and 800 UI of vita-
min D3 daily, with an additional 16,000 UI of 
vitamin D3 every 2 weeks. The median VAS for 
joint pain at 3 months increased by 1.5 units in 
the entire cohort (p  <  0.001). Overall, women 
who achieved plasma threshold concentrations 
of 30 and 40 ng/ml had less increase in their joint 
pain (p  <  0.05). Women who had a 25-OHD 
plasma concentration ≥ 40 ng/ml at the 3 month 
follow-up and no joint pain at baseline were sig-
nificantly less likely to develop incident joint 
pain (p = 0.003).

The Aromatase Inhibitor Musculoskeletal 
Symptoms Study (AIMSS) was a Phase II, 
double-blind placebo-controlled randomized trial 
that aimed to determine if high-dose vitamin D2 
supplementation in women receiving adjuvant 
anastrozole decreased the severity of arthralgia 
[89]. Women were stratified into two groups 

based on their baseline 25-OHD plasma concen-
trations: Group A 20–29  ng/ml and Group B 
10–19  ng/ml. Group A received 50,000  IU of 
vitamin D2 (HDD) weekly for 8 weeks and then 
monthly for 4  months or placebo. Group B 
received HDD weekly for 16  weeks and then 
monthly for 2 months or placebo. Sixty women 
were enrolled, and symptoms were assessed 
using the Brief Pain Inventory-Short Form 
(BPI-SF), the Fibromyalgia Impact Questionnaire 
(FIQ), and the Health Assessment Questionnaire-
Disability Index (HAQ-DI) at 0, 2, 4, and 
6  months. There was a significant reduction in 
pain (p = 0.0045), worst pain (p = 0.04), average 
pain (p = 0.0067), pain severity (p = 0.04), and 
pain interference in daily life (p = 0.034) observed 
at the 2 month interval in both groups receiving 
HDD when compared to placebo. Group B expe-
rienced significantly less pain severity and pain 
interference across all time points when com-
pared to placebo (p  <  0.05), while statistically 
significant results were only observed at the 
2-month mark in group A. This result may be due 
to the switch from HDD once weekly to monthly 
after 8 weeks in this cohort, suggesting that the 
monthly schedule is suboptimal dosing.

The ideal concentration of 25-OHD is widely 
debated. Exogenous supplementation with vita-
min D can lead to side effects stemming from 
hypercalcemia and hyperphosphatemia [90]. 
Although intoxication is rare, it can lead to irre-
versible organ damage. Side effects are most 
commonly seen with prolonged use and large 
doses given annually. Signs and symptoms may 
include GI upset, peptic ulcers, pancreatitis, 
nephrolithiasis, changes in urine, arrhythmia, 
hypertension, cardiomyopathy, cardiac calcifica-
tions, psychological changes, musculoskeletal 
complaints, and changes in vision. A study con-
ducted by Sanders et al. found that a single dose 
of 500,000 IU of vitamin D3 annually increased 
the risk of falls (p  =  0.003) and fractures 
(p = 0.047) when compared to placebo in women 
70 years of age and older [91]. A retrospective, 
observational cohort study conducted in Denmark 
involving 247,574 participants found a reverse 
J-shaped curve when looking at the association 
between all-cause mortality and 25-OHD levels. 
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They found that the lowest mortality risk was 
associated with levels ranging between 50 and 
60 nmol/l [92].

Based on the AIMSS study discussed above, 
we recommend testing 25-OHD in all patients 
endorsing arthralgia. For patients with a serum 
concentration  ≤  40  ng/ml, we recommend 
50,000 IU of vitamin D2 weekly for 12–24 weeks, 
followed by a daily supplement containing 800–
1000  IU of vitamin D.  If arthralgia recurs after 
discontinuing HDD, we recommend restarting 
HDD, with annual 25-OHD testing. Due to 
changes in organ function affecting vitamin D 
pharmacokinetics, special attention regarding 
dosing should be paid to patients age 70  years 
and older, as well as those with underlying renal, 
cardiovascular, or endocrine abnormalities.

�Switch to Another Endocrine Therapy

Joint symptoms are common with menopause 
and are reported to occur with endocrine therapy 
in general, though arthralgias are about twice as 
likely with AIs than with tamoxifen [40, 93]. The 
three AIs  – anastrozole, letrozole, and exemes-
tane – have similar efficacy to each other and, as 
a drug family, are more effective than tamoxifen 
[18, 27, 29, 94], but each of these endocrine 
agents may be tolerated differently by individual 
patients. For instance, in one study comparing 
joint symptoms of letrozole and anastrozole, the 
frequency and severity of joint symptoms were 
similar between the two drugs, but more than half 
of patients with symptoms on one AI did not have 
the same symptoms when switched to another AI 
[41]. Switching among AIs is, therefore, a com-
mon AIAA management option [41, 95].

Support for switching between AIs also comes 
from a prospective trial. The Articular Tolerance 
of Letrozole (ATOLL) study was a prospective, 
single-arm study of 179 patients who had AIAA 
while on anastrozole [95]. In this study, women 
with AIAAs stopped anastrozole for 1 month and 
then were started on letrozole. Improvement in 
joint symptoms and good compliance with treat-
ment were seen beyond 6  months. Mean Brief 
Pain Inventory (BPI) score, which assesses the 

severity of pain and the impact of pain on daily 
function, decreased from 4.9 ± 1.6 at baseline to 
3.8 ± 2.4 at 6 months (p < 0.01). Quality of life 
(QOL), as assessed by the SF-12, a health-related 
QOL questionnaire consisting of 12 questions 
that measure eight domains to assess physical and 
mental health, also improved. As assessed by 
SF-12, there was significant improvement in both 
physical (p < 0.001) and mental (p = 0.01) QOL 
[95]. Importantly, this translated to good treat-
ment adherence with 71.5% of patients remaining 
on letrozole at 6 months and only 28.5% discon-
tinuing letrozole because of severe joint pain.

Switching to another AI, versus switching to 
tamoxifen, is the preferable first switch, given the 
superior efficacy of AIs over tamoxifen in pre-
venting cancer recurrence. If intolerance to more 
than one AI is demonstrated, then tamoxifen, 
instead of an AI, should be offered as most 
patients who have significant arthralgias on an AI 
will have few joint symptoms when switched 
from the AI to tamoxifen [96].

Tamoxifen is also less likely than an AI to 
cause other joint issues, such as tenosynovial and 
weak grip strength [97, 98]. Joint symptoms and 
weakness associated with AIs may be particu-
larly disabling in older patients [97, 99]. In the 
case of older patients on an AI, switching to 
tamoxifen, instead of another AI, may be 
preferable.

�Complementary and Alternative 
Medicine (CAM) and Supplement 
Approaches

If arthralgia persists despite switching to another 
AI or to tamoxifen, then the benefits of nonpre-
scription and/or use of nontraditional medicine 
approaches should be considered. We present 
these as a group because there may be practical 
barriers to their utilization. In general, insurance 
does not cover CAM and supplements, making 
their use cost-prohibitive to some and undesir-
able to others. It may also be difficult to find 
reputable and licensed providers for interventions, 
such as acupuncture. Nevertheless, these options 
may alleviate symptoms in some patients. The 
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high prevalence of use of complementary thera-
pies and supplements among women with breast 
cancer [100–102] warrants review of the data 
evaluating these alternatives.

Acupuncture  Acupuncture is an ancient tradi-
tional Chinese medicine technique, dating back 
more than 3000 years, in which fine needles are 
inserted into selected body parts, called acupunc-
ture points or acupoints, defined by the body’s 
meridian system, through which our vital life 
energy, or “qi”, flows [103]. This technique is 
commonly used to treat pain, though the mecha-
nism of action is unclear; it may involve decreas-
ing inflammation, increasing circulating opioid 
peptides, or improving blood flow [104, 105]. In a 
systematic review of 13 randomized clinical trials 
studying acupuncture versus placebo acupuncture 
versus no acupuncture to treat pain, there was 
minimal efficacy [106]. Only a small, question-
able, analgesic effect was noted for acupuncture 
over placebo acupuncture; placebo acupuncture 
also had a small analgesic effect over no acupunc-
ture. For knee arthritis, a systematic review of 
acupuncture found some benefit for pain, but no 
improvement of function [107]. Despite lack of 
scientific rationale and proof of efficacy, acupunc-
ture has steadily gained acceptance and popular-
ity, with more than 6% of Americans having used 
acupuncture at some point [108]. Several groups 
have studied acupuncture for AIAA.

In a pilot study, investigators at Columbia 
University in New York showed the promise of 
acupuncture for AIAA [109]. They then con-
ducted a single-institution, randomized con-
trolled trial (RCT) of acupuncture versus sham 
acupuncture in postmenopausal women taking 
adjuvant aromatase inhibitors [110]. In the RCT, 
43 women who had AIAA were randomly 
assigned to receive acupuncture versus sham pro-
cedure, twice weekly for 6  weeks. Pain was 
assessed at baseline and 6 weeks using the Brief 
Pain Inventory-Short Form (BPI-SF). Patients in 
the acupuncture group received standard, full-
body, manual acupuncture to standard acupoints, 
in addition to acupuncture to acupoints specific 
for the most painful joints. The sham acupunc-
ture group had superficial needle insertion at 

non-acupoint locations. Compared to the sham 
procedure, acupuncture significantly reduced 
pain severity (p  =  0.003), pain-related interfer-
ence (p = 0.002), and stiffness (p = 0.01).

A RCT from the United Kingdom compared 
acupuncture to sham control [111]. For this study, 
51 postmenopausal women with early-stage 
breast cancer and AIAA were randomized to 
receive acupuncture to 15 real acupoints versus 
acupuncture to sham acupoints. Sham acupoints 
were midpoints of the line between two real acu-
points. Patients received acupuncture weekly for 
8 weeks. In this study, both groups had improve-
ments in functional ability and pain, but there 
was no significant difference between the groups 
with regard to endpoints (p = 0.31). In addition, 
inflammatory cytokines (interferon-γ, IL-1, IL-6, 
IL-8, and IL-10) did not change, but IL-17 
decreased significantly (p  ≤  0.009) in both 
groups. Neither estradiol nor β-endorphin levels 
changed.

The Southwest Oncology Group (SWOG) 
conducted a 3-arm RCT of acupuncture versus 
sham acupuncture, versus waitlist control for 
AIAA in women on adjuvant AIs for breast can-
cer [112]. Theirs was the largest trial to date 
(n = 226) and was multicenter. Patients were ran-
domized 2:1:1 to three groups: acupuncture, 
sham acupuncture, or waitlist. Acupuncture was 
delivered at standard acupuncture points plus 
most painful joint-specific points. Sham acu-
puncture was given using shallow needles at non-
acupuncture points and joint-specific and 
auricular points. Treatments were delivered twice 
weekly for 6  weeks and then once a week for 
6 weeks. At 6 weeks, joint pain decreased in all 3 
groups, but the magnitude of decrease was greater 
with acupuncture than sham (p = 0.01) or waitlist 
control (p  =  0.01). Patients in the acupuncture 
group did experience significantly more grade 1 
bruising compared to sham procedure (47% vs 
25%, p = 0.01).

Acupuncture techniques may also include 
electrostimulation. After conducting a pilot study 
of electrostimulation delivered by transcutaneous 
electrical nerve stimulation (TENS) unit and 
showing promising results for AIAA [113], 
investigators at Abramson Cancer Center in 
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Philadelphia, PA, conducted an RCT [114]. They 
randomized 67 patients to one of three groups: 
electroacupuncture, sham electroacupuncture, or 
waitlist control. Acupuncture was delivered using 
a manualized protocol with 2 Hz electrostimula-
tion delivered by a TENS unit. Sham procedure 
used non-penetrating needles at nontraditional 
acupuncture points and without electrostimula-
tion. Acupuncture and sham procedures were 
delivered twice weekly for 2  weeks and then 
weekly for 6 weeks. Pain and interference were 
measured after 8 and 12 weeks by BPI. After 8 
and 12  weeks, pain severity (p  =  0.004 and 
p < 0.0001, respectively) and pain-related inter-
ference (p  =  0.0006 and 0.003, respectively) 
improved more with the TENS unit compared to 
waitlist controls. The sham procedure produced 
similar benefit. Electroacupuncture and sham 
procedures were well tolerated, and there were 
only a few, minor adverse events.

Investigators from Australia conducted an 
RCT comparing standard electroacupuncture, 
which consisted of connecting needles through 
an electrode with bilateral rotation at various acu-
points until de qi sensation, such as tingling or 
numbness, occurred, with a sham procedure, 
where the acupuncture needle did not penetrate 
the skin [115]. The study included 32 patients on 
adjuvant AI who had the procedure twice a week 
for 6 weeks. Using standardized scales (WOMAC 
and BPI-SF), they found no significant difference 
between the procedures with regard to joint pain, 
stiffness, or physical function. They also mea-
sured serum inflammatory markers, C-reactive 
protein, and erythrocyte sedimentation rate and 
found no significant reduction with acupuncture 
or sham procedures.

The results of the randomized trials are some-
what perplexing. Only one of the trials clearly 
showed that acupuncture was superior to sham 
acupuncture, and both procedures appeared to 
have similar benefits when compared to waitlist 
control. Likewise, a systematic review of four 
randomized trials published in 2015 described 
hopeful results, but encouraged further research 
due to bias in the studies [116], and a meta-
analysis published in 2015 showed no statisti-
cally significant effect [117]. The extent of the 

placebo effect with both acupuncture and sham 
acupuncture is likely important. Despite the 
unclear physiology of acupuncture, its possible 
benefit, popularity, and lack of serious side 
effects make it a reasonable option for manage-
ment of AIAA.

Yoga  Yoga is a combined mental and physical 
approach to improve well-being and manage 
symptoms. It is widely available in the commu-
nity and has been shown to improve quality of life 
in breast cancer survivors [118]. Several studies 
suggest a beneficial effect of yoga on joint pain in 
women with breast cancer [119, 120], including 
two prospective studies [121–123].

Galantino et  al. studied a modified Iyengar 
yoga program, consisting of precise postures, 
breathing exercises, and meditation, in 10 post-
menopausal women on an adjuvant AI with 
AIAA [121, 122]. They evaluated the effect of 
yoga on pain, functional outcomes, and health-
related quality of life in women with AIAA [121]. 
Yoga classes were held for 90 minutes, twice per 
week for 8 weeks after which patients were 
instructed to continue a home-based yoga pro-
gram. Participants experienced improvements in 
pain level (p  <  0.05), balance (p  <  0.05), and 
QOL (p < 0.05).

Peppone and colleagues did a secondary anal-
ysis of an RCT studying yoga for sleep in breast 
cancer patients on endocrine therapy with AI or 
tamoxifen [123]. This was a nationwide, multi-
site, randomized, controlled clinical trial. 
Participants were assigned to a 4-week yoga 
intervention involving 75 minute sessions twice a 
week or control. The yoga program consisted of 
breathing exercises, 18 gentle Hatha and restor-
ative yoga postures, and meditation. At baseline, 
AI users (n = 95) reported higher levels of gen-
eral pain, muscle aches, and total physical dis-
comfort than tamoxifen users (n  =  72) 
(all  =  <0.05). Patients in the yoga group were 
significantly more likely to have relief of total 
body aches (p = 0.02) and improvement in physi-
cal well-being ((p  =  0.011). There was no 
significant improvement in pain (p  =  0.094) or 
muscle aches (p  = 0.352). Measures specific to 
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arthralgia and joint pain were not collected for 
this study.

Glucosamine Sulfate + Chondroitin Sulfate  
Glucosamine and chondroitin are natural com-
pounds found in healthy cartilage and are hypoth-
esized to have local anti-inflammatory effects 
within joints [124]. As such, the combination as a 
dietary supplement is available over-the-counter 
and is a popular remedy for non-inflammatory 
arthritis pain. Its use is supported by a large ran-
domized, placebo-controlled trial of glucosamine 
sulfate and chondroitin sulfate for painful knee 
osteoarthritis. The Glucosamine/Chondroitin 
Arthritis Intervention Trial (GAIT), found that, in 
patients with moderate to severe pain at baseline, 
the rate of pain relief was significantly higher 
with glucosamine and chondroitin than with pla-
cebo (79.2% versus 54.3%, p = −0.002) [125].

Investigators at Columbia University in 
New York conducted a phase II study of glucos-
amine sulfate and chondroitin sulfate in 40 
women with joint symptoms who were taking an 
adjuvant AI for hormone receptor-positive breast 
cancer [126]. A regimen of 1500  mg glucos-
amine plus 1200 mg chondroitin given daily over 
24  weeks produced improvement in joint pain 
(p  =  0.02). Overall, 46.2% of participants 
reported a clinically meaningful response within 
6 months of treatment. Hand grip (p = 0.00005) 
was also improved. This regimen of glucosamine-
sulfate and chondroidin-sulfate was also deemed 
safe, as there was no significant increase in estra-
diol level. There were minimal adverse effects at 
12  weeks, most commonly headache (26%), 
dyspepsia (17%), and nausea (17%), all grade 
1–2.

�Duloxetine

Duloxetine (CymbaltaTM), a serotonin and nor-
epinephrine reuptake inhibitor, was originally 
approved by the US Food and Drug Administration 
(FDA) for major depressive disorder, but has also 
been found efficacious for treatment of pain dis-
orders. It is now FDA approved for treatment of 

fibromyalgia, diabetic peripheral neuropathic 
pain, and chronic musculoskeletal pain [127]. It 
is thought that duloxetine may alter central pain 
processing, but the exact mechanism by which it 
relieves pain is unclear.

Investigators from the University of Michigan 
Cancer Center studied duloxetine for treatment 
of AIAA. In a pilot study, after 8 weeks of dulox-
etine therapy, 21 of 29 (72%) evaluable patients 
reported at least 30% reduction in pain (p < 0.001) 
[128]. Furthermore, 18 of 23 (78.3%) who com-
pleted protocol therapy continued taking dulox-
etine. This work led to a larger, multicenter, 
placebo-controlled, RCT of duloxetine run by 
SWOG [129]. The RCT included 255, postmeno-
pausal women with early-stage breast cancer 
who had AIAA at a level of 4 or greater on a 10 
point scale. Patients were randomized 1:1 to 
receive duloxetine or placebo for 13 weeks. The 
average pain score decreased more with dulox-
etine than with placebo; pain with duloxetine was 
0.82 points (95% CI 1.24–0.40, p = 0.0002) dif-
ferent than placebo. Compared to baseline, at 
6 weeks, significantly more patients treated with 
duloxetine than placebo reached the prespecified 
clinically meaningful improvement in pain of 
two or greater points (68% vs 49%; p  =  0.03), 
though rates of meaningful improvement were 
not significantly different at 2, 12, and 24 weeks. 
Adverse events were more common in the dulox-
etine than the placebo group (78% vs 50%, 
p < 0.001). The most common adverse events in 
the duloxetine-treated patients were fatigue, nau-
sea, dry mouth, and headache. Most (78%) 
adverse events were grade 1–2.

�Other Interventions with Minimal 
Evidence to Support Use in AIAA

There are a few reports claiming success with 
other supplements to alleviate AIAA. A comple-
mentary medicine regime including sodium sel-
enite, plant enzymes (bromelaine and papain), 
and lens culinaris lectin has been studied in 
Germany [130–132]. These single-arm studies 
report benefit of this regime, but use an unvali-
dated self-assessment score of pain. Additional 
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study of this regime will be needed. A case report 
describing relief of AIAA in a postmenopausal 
breast cancer patient treated with complementary 
regimen of Juzentaihoto followed by aconite 
root, which are elements of traditional Japanese 
Kampo medicine, provides very preliminary sup-
port that may lead to future studies [133]. Another 
pilot study from China, based on evidence that 
disturbance in immune cytokine balance may 
contribute to AIAA, administered thymosin α1, 
also called zadazin, a hormone produced by the 
thymus that increases immune function of cells, 
found benefit of thymosin α1 [134]. In this study, 
thymosin α1 was given to 16 participants by sub-
cutaneous injection, 1.6  mg twice a week for 
4  weeks. After 4  weeks, there were improve-
ments in pain severity (p = 0.014), pain-related 
functional interference (p = 0.001), and physical 
well-being (p  =  0.001) compared to baseline. 
This treatment, however, is not widely available 
so has limited use.

Low-dose steroids have also been studied. 
One report was a single-arm study of 27 patients 
given a short-course of low-dose prednisolone 
[135]. Prednisolone was given at a dose of 5 mg 
each morning for 1 week. Most (70%) of patients 
reported immediate relief in joint pain and 63% 
reported ongoing improvement at 1  month. 
Follow-up was only 2  months in this report. 
Given the fact that corticosteroids have signifi-
cant side effects, their role in AIAA is limited.

�Interventions that Are Not 
Indicated for AIAA Based 
on Available Literature

Tai-Chi  Tai-Chi is focused on body awareness, 
deep breathing, and weight bearing. A study of 
12 participants with early-stage breast cancer and 
AIAA who participated in Tai-Chi for 1  hour 
twice a week over 8 weeks showed no change in 
pain level (p  =  0.058) or physical well-being 
(p = 0.052), but significant improvement in anxi-
ety (p = 0.003), depression (p = 0.02), emotional 
well-being (0.027), and fatigue (p = 0.03) [136]. 
Though Tai-Chi likely improves quality of life, 
this study does not support its use to alleviate 
pain in patients with AIAA.

Omega-3 Fatty Acids  Based on anti-
inflammatory effects of omega-3 fatty acids [137] 
and benefits of use for rheumatoid arthritis [138] 
as well as acute and chronic back pain [139], they 
were studied in AIAA. Based on the RCT of the 
Southwest Oncology Group (SWOG), which 
studied omega-3 fatty acids versus placebo, 
omega-3 fatty acid supplements cannot be rec-
ommended for AIAA [140]. In this multicenter, 
RCT, those randomized to intervention received 
3.3 g of omega-3 fatty acids, and those random-
ized to placebo received a blend of soybean and 
corn oil. Pills were taken daily for 24  weeks. 
Both placebo and omega-3 fatty acid groups had 
improvement in joint pain. There was no differ-
ence between groups with regard to change in 
pain level (p = 0.66), inflammation measured by 
C-reactive protein (p  =  0.71), or lipid profiles, 
except for triglycerides.

�Conclusions

Non-inflammatory joint pain, or arthralgia, 
is common among women, especially among 
women with recent diagnosis and treatment for 
breast cancer. Work-up should include a baseline 
evaluation with history, physical examination, 
and laboratory evaluation that focuses on general 
causes of joint pain and on causes of arthralgia 
specific to breast cancer treatment. If an inflam-
matory cause of joint pain is suspected, if pain 
does not fit a diagnosis of arthralgia related to 
breast cancer treatment, or if pain and discomfort 
persists despite standard/acceptable intervention, 
then a referral to a rheumatologist is warranted. 
Post-chemotherapy rheumatism is a time-limited 
syndrome that occurs within 3–4  months after 
completing chemotherapy, is typically unrelieved 
by standard approaches, and subsides within 
3–4 months. AIAA is troublesome in postmeno-
pausal women who are on adjuvant AIs because 
it interferes with full adherence to potentially 
life-saving treatment and negatively impacts 
quality of life. A regular exercise schedule and 
adequate levels of vitamin D intake demon-
strated by appropriate blood levels can improve 
both arthralgia and breast cancer outcomes and 
are, therefore, recommended. Randomized trials 
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have shown that switching to an alternative endo-
crine therapy, use of acupuncture techniques, 
yoga practice, glucosamine-sulfate and chon-
droitin sulfate, and duloxetine can also provide 
relief of AIAA. Attention to the onset of arthral-
gia in women with breast cancer will help lead 
to appropriate and effective therapies that will 
relieve symptoms and improve adherence to life-
saving AI therapy.
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Persistent Breast Pain

Tamara Somers, Sarah Kelleher, and Devon Check

Persistent breast pain (PBP) following treatment 
for breast cancer is common and can be highly 
distressing for breast cancer survivors. Each year 
in the United States alone, more than a quarter 
million women are diagnosed with breast cancer 
and receive curative-intent treatments that can 
result in PBP.  Overall, there are more than 3.5 
million breast cancer survivors in the United 
States, with estimates of 25–60% having PBP, 
with symptoms lasting from months to years fol-
lowing breast cancer diagnosis and treatment [1, 
2]. PBP following a cancer diagnosis is typically, 
though not always, thought to be related to sur-
gery. Pain defined as PBP following breast cancer 
is often localized to the thorax, axillary upper 
arm, and medial upper arm and has been charac-
terized as pain that is shooting, burning, or causes 
pressure or numbness [3–5]. In some cases, pain 
may result from damage to the nerve fibers from 
treatment and can be neuropathic in nature [3]. 

There are several factors associated with the 
development of PBP following breast cancer, and 
the overall etiology is likely multifactorial [6].

PBP can have a profound negative impact on 
quality of life for breast cancer survivors [7]. 
First, the breast pain that survivors experience 
can interfere with their ability to participate in 
critical activities of daily living as well as 
decrease their participation in activities they 
enjoy. There is evidence that PBP is a contribut-
ing factor to upper limb dysfunction [2] which 
further contributes to inabilities to engage in 
daily activities. Second, there are negative emo-
tional consequences of PBP for survivors. PBP 
can serve as a constant negative reminder of can-
cer diagnosis, and this reminder can lead to a 
high level of psychological distress [8]. Third, 
PBP can result in the long-term use of pain medi-
cations, including opioid medications that can 
negatively influence patients’ physical and psy-
chological health and often provides only limited 
pain relief [9, 10]. Following breast cancer, 
women who report persistent pain are much more 
likely to report higher pain medication use than 
women who do not report persistent pain [11]. 
Finally, PBP may also have high financial costs; 
persistent pain following surgery in the United 
States is estimated to have direct costs of $560 to 
$635 billion annually or about $5600 per person 
[12]. Though PBP following breast cancer diag-
nosis and treatment is common and has several 
detrimental consequences, it has been challeng-
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ing to identify risk factors, conduct thorough 
assessment, and outline optimal strategies for 
interventions.

�Risk Factors

There are a number of factors that may increase a 
woman’s risk of experiencing PBP following a 
breast cancer diagnosis and treatment. In this sec-
tion, treatment- and patient-related factors that 
have the potential to increase a woman’s risk for 
developing PBP are reviewed. Figure  7.1 pro-
vides a summary of risk factors for persistent 
breast pain.

�Treatment-Related Factors

Surgery  Surgical procedures for breast cancer, 
including mastectomy, breast conserving surgery 
(BCS), and axillary surgery, improve cancer mor-
bidity and mortality but are closely associated 
with the development of PBP following treat-
ment [1, 2]. Several research studies have exam-
ined the association between specific surgical 
procedures and PBP.

Mastectomy is a common surgical procedure 
following breast cancer diagnosis, and it is per-
formed in over 40% of women with breast cancer 
[13]. While mastectomy is associated with a 
decreased risk of local recurrence compared to 
BCS [14, 15], for an estimated one-third of 
women [16], mastectomy leads to PBP.  BCS, 
also called lumpectomy, quadrantectomy, or par-
tial or segmental mastectomy, however, can also 
result in PBP [17–19].

Research has examined the rates of pain fol-
lowing surgery in women who have  undergone 
mastectomy or breast conserving surgery for 
breast cancer. An epidemiological study exam-
ined the rates of chronic pain in the area of breast 
surgery or ipsilateral arm in 258 breast cancer 
survivors about 1.5 years following cancer sur-
gery (either mastectomy or lumpectomy) and 
similar pain by location in a reference group of 
774 women, randomly selected from the same 
population but not having undergone breast can-
cer surgery [20]. Rate of post-mastectomy pain 
syndrome was 24% in the surgery group com-
pared to similar  pain in  10% of the reference 
group: having undergone prior surgery, tumor 
location in the upper lateral quarter, and younger 
age both predicted increased risk for pain [20]. In 

Treatment related factors
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Fig. 7.1  Risk factors for persistent breast pain
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another study comparing PBP among women 
who received breast conserving surgery for breast 
cancer and women without a history of breast 
cancer, PBP was reported by nearly half (46.5%) 
of breast cancer survivors compared to 12.7% of 
women without a breast cancer history (p < 0.05) 
[21]. In a study of 261 women who had under-
gone single mastectomy in the last 3 years, 38% 
reported persistent pain in the axilla, excised 
breast area, medial arm, ipsilateral thorax, and/or 
mastectomy scar area [22].

Lymph node biopsy is another common sur-
gery that women diagnosed with breast cancer 
are likely to undergo. Lymph node biopsy is often 
done to determine the staging of breast cancer, 
either  sentinel lymph node biopsy or axillary 
lymph node dissection. Either of these procedures 
can lead to increased PBP; however, several stud-
ies have suggested that axillary lymph node dis-
section rather than sentinel lymph node biopsy is 
more likely to increase a woman’s risk of PBP [2, 
23, 24]. Axillary web syndrome is a common spe-
cific side effect that can result following lymph 
node biopsy; it involves the development of scar-
ring of connective tissue under the arm leading to 
cording in the subcutaneous tissue and can result 
in painful shoulder movements [25].

Breast reconstructive surgery following mas-
tectomy or breast conserving surgery is elected 
by approximately 40% of women [26]. There are 
several options for reconstructive surgery, and 
generally women report that this type of surgery 
improves their overall quality of life and can alle-
viate some of the emotional effects of breast can-
cer treatment procedures. However, there is also 
some evidence that reconstructive surgery can 
result in PBP. In particular, a retrospective study 
of women who underwent breast cancer surgery 
found that pain interference, upper limb dysfunc-
tion, and psychological distress were significantly 
higher in women who underwent reconstruction 
compared to women who did not [23].

Radiation  Radiation therapy is a treatment that 
some women receive to decrease risk of cancer 
recurrence in the breast area following surgery 

for breast cancer. Fields of radiation can include 
whole breast, partial breast, chest wall, and 
lymph nodes. Radiation can improve overall 
cancer outcomes, though it is also associated 
with treatment-related side effects (e.g., breast 
swelling, skin changes, malaise, and fatigue). 
Radiation can be associated with PBP, the 
degree of which depends on the radiation treat-
ment history [2, 27]. Among women who receive 
radiation therapy, radiation dose appears to be 
an important risk factor in the development of 
PBP [28, 29].

Chemotherapy  Chemotherapy, usually deliv-
ered intravenously, improves breast cancer out-
comes. Chemotherapy can occur before (i.e., 
neoadjuvant) or after surgery (i.e., adjuvant) for 
breast cancer. Although chemotherapy is not a 
well-established risk factor for PBP after breast 
cancer, a small number of studies have described 
an association between receipt of chemotherapy 
and PBP and general pain among women who 
completed treatment for breast cancer [27, 30]. 
Pain related to chemotherapy is often neuropathic 
in nature, possibly resulting from nerve damage 
caused by taxane  or platinum chemotherapy 
which is commonly used in adjuvant chemother-
apy for breast cancer.

Endocrine Therapy  Adjuvant endocrine ther-
apy for breast cancer, including tamoxifen and 
aromatase inhibitors, is frequently  recom-
mended for women with hormone receptor-posi-
tive disease following initial treatments for 
breast cancer (i.e., surgery, radiation, chemo-
therapy) and can be prescribed for up to 10 years 
or more. Adjuvant endocrine therapies reduce 
the risk of cancer recurrence and death. They 
have also been associated with a number of side 
effects including muscle pain and joint pain or 
stiffness. At least one study has also linked the 
use of endocrine therapy following a breast can-
cer diagnosis to PBP [27]. Side effects, includ-
ing pain, can negatively impact patients’ 
adherence to endocrine therapy, increasing the 
likelihood of cancer recurrence [31].
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�Demographic Risk Factors

Following a breast cancer diagnosis and treat-
ment, there are patient-related and demographic 
factors associated with PBP and pain. Based on 
available research, women who are younger, typ-
ically thought of as under 50,  are consistently 
more likely to develop PBP following breast 
cancer treatment [2, 24, 27, 30, 32–36]. Younger 
age has been associated with persistent pain fol-
lowing breast cancer diagnosis and treatment in 
several studies [37]. One study found that, com-
pared to women aged 60 to 69 years, women 
aged 18 to 39 years had three times, and women 
aged 40 to 49 years had two times, the risk of 
developing persistent pain [2]. Possible explana-
tions for the association of  younger age with 
higher risk include increased nerve sensitivity, 
higher anxiety level which lowers pain threshold, 
and the often more aggressive nature of the breast 
cancer and possibly more extensive  surgical 
treatment in this age group [19, 34, 38].

Other demographic factors that have been 
associated with persistent pain in general follow-
ing breast cancer include race/ethnicity, educa-
tion level, and income level. Miaskowski and 
colleagues [27] found that risk for PBP following 
breast cancer treatment was related to patients 
who are  non-white,  have less education, and 
have lower income. Lower income [39] and edu-
cation [40] are well-established risk factors for 
chronic pain in the general population, as well.

There are also a number of health-related fac-
tors that may increase a woman’s risk for devel-
oping both PBP and general pain following breast 
cancer treatment. In particular, comorbidity bur-
den has been linked to pain among patients with 
cancer, including breast cancer [27, 41, 42]. In 
addition, overweight or high body mass index 
(BMI) is consistently reported as a risk factor for 
PBP following breast surgery [22, 36, 38, 43, 44].

�Psychosocial Risk Factors

There are several psychosocial factors that have 
been suggested to contribute to patients’ experi-
ence of persistent pain following breast cancer 

diagnosis and treatment. Anxiety and factors 
closely related to anxiety are consistently identi-
fied as likely to increase a woman’s risk of PBP 
following a breast cancer diagnosis [7, 16, 27]. In 
particular, pain catastrophizing, the tendency to 
maintain exaggerated negative thoughts in 
response to and in anticipation of pain [45], has 
emerged as an important risk factor for persistent 
pain after breast cancer. A study of breast cancer 
survivors found that women with PBP were more 
likely to have higher levels of pain catastrophiz-
ing than women without breast pain [8]. The 
same study found that pain catastrophizing medi-
ated the relationship between PBP and emotional 
distress; that is, women who catastrophize about 
their breast pain were more likely to experience 
increased emotional distress.

Patients’ confidence in their ability to manage 
their pain (i.e., self-efficacy for pain management) 
has also emerged as a critical psychosocial fac-
tor related to disease-related pain across several 
medical conditions. Self-efficacy for pain man-
agement refers to an individual’s confidence in 
their ability to effectively manage their pain [46]. 
Women with higher levels of confidence in their 
ability to manage their PBP are likely to experi-
ence lower pain severity [47]. Although more 
research is needed to understand the relationship 
between depressive symptoms and PBP, several 
longitudinal studies of women after breast cancer 
surgery have identified preoperative depression as 
a potential risk factor for the development of per-
sistent postsurgical pain [21, 27, 48, 49].

�Health Behavior Risk Factors

Poor health behaviors, such as lack of activity or 
exercise, poor nutrition, smoking, and poor sleep 
have been associated with increased pain in the 
general population [50]. However, most of these 
factors have not been studied with respect to their 
impact on PBP specifically  in the context of 
breast cancer. The exception is sleep disturbance, 
which has been consistently shown to be associ-
ated with persistent pain following breast surgery 
[7, 16, 27]. These behavioral health risk factors 
have not been extensively studied in their rela-
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tionship with PBP following breast cancer diag-
nosis and surgery, but these are important factors 
that may influence breast pain.

�Genetic and Epigenetic Factors

Genetic and epigenetic variations may also help 
to identify patients at risk for PBP after breast 
cancer surgery. In particular, variations in three 
single-nucleotide polymorphisms (SNPs) (i.e., 
interleukin 6 rs2069840, C-X-C motif chemo-
kine ligand 8, tumor necrosis factor rs1800610) 
have been associated with the development and 
maintenance of mild PBP [51]. Langford and col-
leagues [52] identified additional SNPs across 5 
genes (i.e., potassium voltage-gated channel, 
subfamily A, member 1 [KCNA1], potassium 
voltage-gated channel, subfamily D, member 2 
[KCND2], potassium inwardly rectifying chan-
nel, subfamily J, members 3 and 6 (KCNJ3 and 
KCNJ6), potassium channel, subfamily K, mem-
ber 9 [KCNK9]) associated with development of 
mild PBP. This study also identified 3 SNPs and 
1 haplotype across 4 genes (i.e., KCND2, KCNJ3, 
KCNJ6, KCNK9) that were associated with 
developing severe breast pain. These findings 
suggest that variations in potassium channel 
genes are associated with both mild and severe 
PBP after breast cancer surgery.

�Screening for PBP

Screening for PBP can be challenging due to the 
inherently private, subjective, and complex expe-
rience of pain. However, it is critical to appropri-
ately assess patients to identify those who are 
currently experiencing or may be at risk for expe-
riencing PBP in order to intervene early to reduce 
symptom severity and interference and to improve 
patient outcomes. Assessment should include 
clinical interview and physical examination, and 
consideration of important risk factors, including 
breast cancer treatment history (i.e., surgery, 
radiation, chemotherapy, hormonal therapy) and 
demographic, psychosocial, and behavioral char-
acteristics. These risk factors can be assessed in 

several ways including clinical assessment at a 
provider appointment by either interview or 
questionnaires, evaluation of known risk factors 
using interview, questionnaires, and/or medical 
records, standardized patient reported outcome 
assessment measures, and/or a combination of 
these strategies. Figure 7.2 shows areas that are 
important in the assessment of PBP.

�Provider Appointment

In the clinic setting with the health care provider, 
screening for PBP is multifaceted. PBP assess-
ment should focus on clinical pain assessments 
that include provider assessment and exam and 
patient report, a brief standardized self-report 
pain assessment, and the provider’s consideration 
of breast cancer treatment and demographic, psy-
chosocial, and health behavioral risk factors. For 
the clinical pain assessment, the patient’s quali-
tative report of PBP is a good starting point to 
provide context for the patient’s pain symptoms, 
including location, onset and frequency/duration, 
severity, type of pain, and description. Providers 
are encouraged to ask the patient about breast 
pain, as it is not uncommon for patients either to 
not report or to underreport symptoms and side 
effects of cancer and its treatment. The provid-
er’s clinical assessment should include a careful 
physical examination to help identify the etiology 
of the breast pain, if possible, to rule out malig-
nancy, and to inform treatment recommendations.

Providers should carefully assess patients’ 
cancer treatment history to identify risk factors 
related to surgery, radiation, and chemotherapy 
and other therapies. Providers should also con-

Use of patient reported
outcomes to assess pain
and risk factors for pain

Careful review of patient
risk factors for persistent

breast pain

Clinical physical
examination

Clinical interview
Patient report

Provider inquiry

Fig. 7.2  Guide for assessment of persistent breast pain
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sider demographic and medical factors such as 
age and comorbid conditions, as these may also 
increase a patient’s risk for PBP.  As well, it is 
important to assess psychosocial risk factors, 
such as anxiety, depression, cancer-specific dis-
tress, pain catastrophizing, and decreased  self-
efficacy for pain management. Other risk factors 
such as lifestyle behaviors and genetic and epi-
genetic factors should be considered, as appropri-
ate. Each of these treatment- and patient-related 
factors impact a patient’s experience of pain and 
pain-related symptoms and inform treatment rec-
ommendations. Medical and demographic risk 
factor data can be identified based on medical 
chart review, and psychosocial risk factor data 
can be identified based on clinical interview and 
brief validated self-report tools commonly used 
in cancer patients.

�Patient Reported Outcome 
Assessment Measures

Careful assessment of PBP following a breast 
cancer diagnosis and treatment includes the use 
of patient reported outcome (PRO) assessment 
measures. PRO assessment measures will typi-
cally include standardized survey tools with dem-
onstrated strong psychometric properties. PROs 
for women with PBP should include assessment 

of pain and pain-related factors as well as vari-
ables known to be commonly associated with 
pain and/or PBP following a breast cancer diag-
nosis. Detailed information on the most widely 
used tools is provided below. Figure 7.3 provides 
a detailed overview of PROs that can be used to 
assess PBP. Figure 7.4 provides a quick guide to 
a brief battery of PROs that can be used in clini-
cal practice [2, 16, 22, 53–69].

Pain  The Brief Pain Inventory (BPI) [53] is one of 
the most frequently used PROs in the cancer setting 
and in patients with cancer. The BPI has several 
subscales, administration can be quick, and scoring 
is straightforward making it a reasonable tool for 
regular clinical practice. Pain severity is assessed 
with four BPI items, asking patients to rate their 
pain on a scale from 0 = no pain to 10 = worst pain 
imaginable, in response to “average pain,” “worst 
pain,” “least pain,” and “pain right now,” over the 
last 7 days. An average of the responses to these 
four items is used to create a single pain severity 
score. Pain interference is measured with seven 
items asking patients to rate how much pain has 
interfered with daily functioning (i.e., general 
activity, mood, walking ability, normal work, rela-
tions with other people, sleep, enjoyment of life) on 
a scale from 0 = does not interfere to 10 = com-
pletely interferes. The BPI also uses a body map to 
measure the location of pain and assesses pain 

Patient reported outcome

Pain

Brief Pain Inventory (53) 9–32 Pain severity, interference, location, medication

Pain frequency, location, intensity since surgery

Qualitative pain, body map, pain visual analog scale

Neuropathic pain

Anxiety symptoms screening tool

Depression screening tool

Commonly used in medical setting for anxiety and depression

Focus on helplessness and pessimism related to pain coping

Catastrophic thinking: rumination, magnification, and helplessness.

Self-efficacy for pain management, physical functioning, symptom coping

Assesses level of confidence in coping with pain

15–2

12

2–7

2 or 9

14

6

13

11–22

2–10

16Breast Cancer Pain Questionnaire (16)

McGill Pain Questionnaire (54)

Pain DETECT Questionnaire (55)

Generalized Anxiety Disorder Scale (56)

Patient Health Questionnaire (59, 60)

Hospital Anxiety and Depression Scale (57)

Coping Strategies Questionnaire; Catastrophizing Subscale (64)

Pain Catastrophizing Scale (65)

Chronic Pain Self-Efficacy Scale (66, 67)
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Pain catastrophizing

Anxiety and depression

Self-efficacy for pain management

Brief description of assessment# of 
Items

Fig. 7.3  Patient reported outcome assessment tools for persistent breast pain
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medications and the amount of pain relief in the 
past 24 hours or the past week. The short form BPI 
is 9 items and takes about 5 minutes for patients to 
complete, while the long form is 32 items and takes 
patients about 10 minutes to complete. The BPI has 
been shown to demonstrate change in response to 
behavioral pain management and pharmacological 
intervention for pain.

Anxiety  The Generalized Anxiety Disorder 7 
Item Scale (GAD-7) is a brief reliable, valid, and 
efficient clinical measure that is used for screening 
for Generalized Anxiety Disorder and assessing 
and monitoring its severity in clinical practice and 
research [56]. The GAD-7 includes 7 items assess-
ing clinically significant anxiety and asks patients 
how often they have been bothered by each of the 
symptoms over the past 2 weeks. Responses are 
measured on a rating scale that ranges from 0 = not 
at all to 3 = nearly every day. Example items 
include the following: feeling nervous, anxious, or 
on edge; not being able to stop or control worry-
ing; trouble relaxing; and being so restless that it is 
hard to sit still. Items are summed to reflect an 
anxiety severity score and range from 5 to 9 indi-
cating mild anxiety, 10–14 indicating moderate 
anxiety, and >15 indicating severe anxiety. When 
used as a screening tool, further assessment and/or 
referral to a mental health professional is recom-
mended for scores of 10 or greater. The GAD-7 is 
not only helpful for determining the severity of 
initial anxiety symptoms but also for monitoring 
change in symptoms and effects of treatment over 
time [56]. An ultra-brief 2-item version of the 
GAD-7 (GAD-2) has been created and has been 
shown to be accurate in detecting the four main 
types of anxiety (i.e., generalized anxiety, panic, 
social anxiety, and posttraumatic stress) [57, 58]. 
The GAD-2 is an ideal option for screening for 
anxiety in busy clinic settings.

Depression  The Patient Health Questionnaire 
Depression Module (PHQ-9) is a brief reliable 
and valid self-report measure of depression 
severity that is commonly used in medical prac-
tice as both a clinical and research tool [60]. The 
PHQ-9 includes 9 items assessing each of the 9 
DSM-V depression criteria and asks patients how 

often they have been bothered by each of the 
symptoms over the past 2 weeks. Responses are 
measured on a rating scale that ranges from 0 = 
not at all to 3 = nearly every day. Example items 
include the following: little interest or pleasure in 
doing things; feeling down, depressed, or hope-
less; feeling tired or having little energy; and 
trouble concentrating on things, such as reading 
the newspaper or watching television. Items are 
summed to reflect a depression severity score and 
range from 0 to 4 indicating minimal or none, 
5–9 indicating mild, 10–14 indicating moderate, 
15–19 indicating moderately severe, and 20–27 
indicating severe depression. The PHQ-9 is help-
ful for determining the severity of initial depres-
sive symptoms as well as to monitor change in 
symptoms and effects of treatment over time 
[60]. Similar to the GAD-2 described above, a 
2-item version of the PHQ-9 (PHQ-2) has been 
developed and has demonstrated good sensitivity 
and specificity for detecting depressive disorders 
[57, 59]. Similarly, the PHQ-2 is ideal for screen-
ing for depression in busy clinic settings.

Combined Anxiety and Depression  The Hospital 
Anxiety and Depression Scale (HADS) is a simple 
yet reliable tool that is used by clinical providers in 
the medical setting to screen for and understand a 
patient’s experience of anxiety and depression, 
which often coexist [61, 62]. The HADS is a popu-
lar screening tool and preferred by many medical 
providers because it is brief and easy to use. It is 
comprised of 14 total items – 7 anxiety items and 
7 depression items  – and takes 2–5 minutes to 
complete. Items are scored on a response scale 
with four alternatives ranging from 0 to 3. Example 
items include the following: I feel tense or “wound 
up”; I still enjoy the things I used to enjoy; worry-
ing thoughts go through my mind; and, I look for-
ward with enjoyment to things. After adjusting for 
six items that are reverse scored, responses are 
summed to obtain the two subscale total scores. 
Recommended cut-off scores allow for quantifica-
tion of mild (8–10), moderate (11–14), and severe 
(15–21) symptoms.

Pain Catastrophizing  Pain catastrophizing in 
oncology patients is commonly measured with the 
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Coping Strategies Questionnaire’s Pain 
Catastrophizing subscale [63, 64]. The 6-item cat-
astrophizing subscale reflects elements of help-
lessness and pessimism in relation to one’s ability 
to deal with pain. Items are rated on a scale rang-
ing from 0 = never do to 6 = always do when in 
pain. Example items include the following: It’s 
terrible and it’s never going to get any better; I 
worry all the time about whether the pain will end; 
and I feel like I can’t go on. There is also a 2-item 
version of this scale that can be used and has 
shown validity [70]. Research has shown that indi-
viduals who demonstrate high levels of pain cata-
strophizing experience high levels of physical and 
emotional distress associated with their pain.

The Pain Catastrophizing Scale (PCS) is another 
widely used measure of catastrophic pain-related 
thinking [65]. The PCS is a brief 13-item instru-
ment, taking less than 5 minutes to complete and 
score, that assesses three dimensions of cata-
strophic thinking including rumination, magnifica-
tion, and helplessness. The PCS asks individuals to 
reflect on past painful experiences and indicate the 
degree to which they experienced each of 13 
thoughts or feelings when experiencing pain. 
Responses are measured on a 5-point scale ranging 
from 0 = not at all to 4 = all the time. Example 
items include the following: I can’t stop thinking 
about how much it hurts; I worry that something 
serious may happen; and, It’s awful and I feel that 
it overwhelms me. PCS items are summed to create 
three subscale scores as well as a total score. 
Research has shown that a total PCS score of 30 
represents a clinically relevant level of catastroph-
izing. The PCS has demonstrated excellent internal 
consistency and validity [65].

Self-Efficacy  The self-efficacy for pain manage-
ment subscale of the Chronic Pain Self-Efficacy 
Scale [66, 67] is a brief questionnaire measuring 
patients’ confidence in their ability to cope with 
the consequences of chronic pain. Specifically, 
this subscale contains 5 items that inquire about 
patients’ certainty about degree of pain control, 
pain during daily activities, and making pain 
reductions without extra medication. Items are 
rated on a 10-point scale ranging from 10 = very 
uncertain to 100 = very certain. Example items 
include the following: How confident are you 

that you could decrease your pain quite a bit?; 
How certain are you that you can continue most 
of your daily activities?; and How certain are you 
that you can keep your pain from interfering with 
your sleep?.  Items are averaged to provide an 
overall self-efficacy for pain control score. This 
scale has shown good reliability [66] and has 
often been used in patients with cancer [71].

The Pain Self-Efficacy Questionnaire (PSEQ) 
[68, 72] is another established measure of pain self-
efficacy that is used with chronic pain patients in 
clinical and research settings. The PSEQ gets at an 
important element of self-efficacy – persistence in 
the face of obstacles and aversive experiences – by 
measuring an individual’s level of confidence in 
performing activities in the context of pain. The 
PSEQ contains 10 items that ask an individual to 
rate their confidence that they can do various things 
at present, despite the pain. Items are rated on a 
scale ranging from 0 = not at all confident to 6 = 
very confident. Example items include the follow-
ing: I can enjoy things, despite the pain; I can do 
most of the household chores, despite the pain; I 
can cope with my pain in most situations; and I can 
live a normal lifestyle, despite the pain. The PSEQ 
has strong psychometric properties, including a 
high degree of reliability and validity [68]. More 
recently, a 2-item short form of the PSEQ (PSEQ-
2) has been developed to reduce patient and pro-
vider burden [69]. The PSEQ-2 has been shown to 
be valid and reliable, and can save valuable time in 
busy clinical settings [69].
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2

2

2

Coping strategies
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Fig. 7.4  Quick guide to brief assessment of psychosocial 
risk factors for persistent breast pain
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�Treatment of PBP

With high survival rates and longer survivorship, 
breast cancer is being considered within a chronic 
disease framework. There is increasing attention 
given to comprehensive post-treatment interven-
tion strategies to address the impact of breast 
cancer. When recommending treatments, provid-
ers should consider all patient risk factors and 
patient’s individual interest to determine the most 
appropriate and targeted intervention. For exam-
ple, exercise interventions may be particularly 
beneficial for patients with PBP and comorbid 
obesity. Further, patients with PBP who are expe-
riencing anxiety and depression may be particu-
larly good candidates for a mindfulness-based 
behavioral treatment due to its known benefits on 
emotional and physical health (e.g., reduced 
stress, improved sleep, reduced fatigue). Here we 
provide an overview of potential treatments for 
women with PBP.  Figure  7.5 provides an over-
view of treatment options for PBP.

�Medication

Medications commonly used for pain, such as 
acetaminophen or non-steroidal anti-nflammatory 
drugs, may provide some pain relief and can be 
considered for PBP. The use of medication spe-
cifically for PBP following breast cancer diagno-
sis and surgery has not been well studied, though 
some work has identified several medications that 
may be useful in treating PBP.  Gabapentin and 

venlafaxine have shown some success in decreas-
ing pain following mastectomy and lumpectomy 
[73, 74]. Amitriptyline escalated from 25 mg to 
100 mg per day over 4 weeks has also been shown 
to provide greater relief than placebo for neuro-
pathic pain following breast cancer surgery in a 
randomized trial; however, there was some con-
cern among study participants related to adverse 
effects of the active medication [75]. The use of 
medications for PBP following surgery should 
be considered ensuring a careful assessment of a 
patient’s pain and consideration of other risk fac-
tors with particular attention paid to the duration, 
severity, and description of pain as well as side 
effects of medication. Also see discussion about 
post-mastectomy pain syndrome elsewhere in 
this volume, in Chap. 8 (Neuropathy).

�Exercise, Physical Activity, 
and Physical Therapy

Exercise and physical activity show strong bene-
fits in the treatment of general pain as well as 
mobility, fatigue, and quality of life in women 
following a breast cancer diagnosis and treatment 
[76]. Historically, a common concern has been 
the safety of exercise or physical activity in 
patients during and after cancer treatment; how-
ever, a growing body of research suggests that 
most exercise- or activity-based programs are 
safe, well tolerated, and effective in providing 
physical and psychological health benefits to 
women with breast cancer [77–81]. There is evi-

Treatment options for persistent breast pain
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Fig. 7.5  Treatment options for persistent breast pain
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dence in several disease populations that exercise 
can reduce anxiety and depression and improve 
self-efficacy and cognitive function. In a study of 
older breast cancer survivors undergoing aroma-
tase inhibitor therapy, a 9-month combined resis-
tance and aerobic exercise program lead to 
decreased bodily pain along with other positive 
outcomes [82]. It is always strongly recom-
mended that patients consult their physician prior 
to starting any type of exercise program.

While exercise programs appear to provide a 
number of benefits for women following a breast 
cancer diagnosis [83], less work has been done 
on how exercise specifically impacts PBP fol-
lowing a breast cancer diagnosis and treatment. 
A systematic review found that programs includ-
ing stretching and active exercises are effective 
for treating postoperative pain and limited range 
of motion following breast cancer treatment [84]. 
One study examined the use of physical therapy 
or physical therapy combined with manual lym-
phatic drainage in 41 women with axillary web 
syndrome following lymph node biopsy [85]. 
Axillary web syndrome is a side effect of surgery 
that involves scarring or connective tissue under 
the arm; it can cause pain and impact movement. 
This 4-week program included 3 weekly ses-
sions of physical therapy for both conditions, and 
the condition with lymphatic drainage received 
5 manual lymphatic drainage sessions weekly. 
Compared to the physical therapy-only group, 
the combined treatment group demonstrated sig-
nificantly greater changes in pain and arm volume 
improvements in quality of life, pain, strength, 
and other important outcomes were seen in all 
participants [85]. Physical therapy may be espe-
cially helpful for women who experience a fear 
of movement or hesitancy to exercise due to fear 
of injury; physical therapy can help safely and 
gradually introduce movement and exercise.

Exercise programs are increasingly being 
delivered with the use of mobile and other tech-
nology. For example, a study of 81 breast cancer 
patients who completed adjuvant therapy for 
early-stage cancer found that an 8-week internet-
based, tailored exercise program led to improve-
ments in arm symptoms and reductions in 
participants’ rating of pain severity and interfer-

ence. In addition, House et al. [83] examined the 
use of an 8-week virtual robotic rehabilitation 
system that engaged breast cancer patients in 
upper body bimanual exercises while also pro-
viding cognitive training and affective relief; they 
found that pain tended to decrease and depres-
sion improved. Other researchers are actively 
developing mobile programs for exercise follow-
ing breast cancer diagnosis and treatment. For 
example, Fu and colleagues [86] have developed 
and are evaluating a mobile-based system to pro-
mote the completion of daily routine exercises to 
increase lymph flow and drainage using a web-
based and mobile system targeting lymphatic 
pain. 

�Psychosocial Interventions

Psychosocial interventions have shown benefits 
for a number of distressing symptoms following 
breast cancer, including pain, and are desirable 
because they are associated with minimal side 
effects. Systematic reviews and meta-analyses 
have found that psychosocial interventions reduce 
pain following breast cancer and also have posi-
tive impacts on many outcomes, including quality 
of life [87, 88]. Psychosocial interventions have 
most commonly targeted general pain, in contrast 
to breast pain specifically. As these do show ben-
efits for pain  in general, this suggests that there 
will also be benefits for patients with PBP.

Cognitive-behavioral therapy (CBT) is a com-
mon psychosocial intervention used to improve 
outcomes in patients with disease-related chronic 
pain including cancer. CBT interventions typi-
cally include a set number of sessions (i.e., 4–12) 
and teach patients specific cognitive and behav-
ioral skills to improve their self-efficacy for pain 
management and decrease pain catastrophizing, 
which are two psychosocial risk factors for per-
sistent pain. Skills taught in CBT protocols 
include relaxation, activity pacing, pleasant 
activity planning, cognitive restructuring, calm-
ing self-statements, goal setting, and problem 
solving. CBT interventions often use PROs for 
assessment, and the therapist and the patient can 
review improvements in pain symptoms and 
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problem solve around symptoms that may not be 
improving. In a study that included women with 
breast cancer, a 4-session CBT protocol delivered 
by both in-person sessions at the medical center 
and videoconferencing in the patient’s home (a 
highly accessible intervention) was found to 
improve pain severity and interference [89] as 
well as increase self-efficacy for pain. Other 
work has found that a similar protocol delivered 
to women with breast cancer and persistent pain 
in a medically underserved area at their oncology 
community clinic led to decreased pain and 
improved self-efficacy [90].

Mindfulness-based psychosocial interven-
tions, particularly Acceptance and Commitment 
Therapy (ACT), have demonstrated benefits for 
reducing pain as well as improving sleep and 
reducing fatigue in women following a breast 
cancer diagnosis [91]. Mindfulness-based inter-
ventions focus on increasing mindfulness and 
pain acceptance and improving overall emotional 
functioning. One study, in a group of women 
undergoing breast cancer surgery (N = 54), com-
pared a single session ACT intervention to usual 
care and found positive effects of ACT on post-
surgical pain and anxiety up to 3 months follow-
ing surgery [92].

�Complementary and Alternative 
Interventions

Complementary and alternative interventions 
may have some positive effects on pain as well as 
other symptoms following a breast cancer diag-
nosis. Complementary and alternative interven-
tions include the use of natural products, 
mind-body medicine, manipulative body-based 
practices (e.g., massage), mindfulness-based 
interventions (e.g., yoga), and acupuncture. 
Evidence for these approaches in reducing PBP 
remains limited due to a lack of high-quality 
research and represents an area for further study 
to broaden potential treatment options for patients 
with PBP.

Yoga is another treatment option for women 
with PBP that has grown in popularity over recent 
years due to increasing interest in mind-body 

practices. Yoga teaches strategies that promote 
strength, balance, and flexibility; breathing tech-
niques that have relaxing and energizing effects; 
and meditation for mental and emotional calm 
and clarity [93]. Yoga is also considered gentle 
and low impact, which is particularly important 
for cancer patients who experience PBP and 
fatigue. Research suggests yoga that takes a gen-
tle approach (i.e., modified poses with meditation 
and breathing techniques) can reduce the number 
of side effects of treatment (e.g., pain, fatigue, 
nausea) and be effective in managing pain as well 
as fatigue and sleep problems [94, 95]. One study 
showed that an 8-week yoga program focused on 
gentle postures, meditation, and breathing sig-
nificantly lessened pain and fatigue in women 
with metastatic breast cancer [93, 96]. Practicing 
yoga has also been shown to be beneficial in 
decreasing symptoms of anxiety and depression, 
which increase breast pain following treatment 
[97]. Other complementary and alternative prac-
tices, such as Pilates and acupuncture [98], may 
also provide benefits for decreasing PBP [99, 
100].

�Summary

PBP following a breast cancer diagnosis is dis-
tressing and has a significant negative impact on 
quality of life. Surgery for breast cancer, includ-
ing mastectomy, breast conserving surgery, and 
lymph node surgery, can lead to PBP. Radiation, 
chemotherapy, and endocrine therapies can 
also contribute to the development of PBP in 
women following a breast cancer diagnosis. 
In addition to these treatment-related factors, 
younger age, minority racial status, lower edu-
cation, lower income, and increased BMI are 
also related to PBP.  Psychosocial factors such 
as anxiety, depression, pain catastrophizing, 
and decreased  self-efficacy for pain manage-
ment further contribute to the maintenance of 
PBP. Routine assessment for PBP in breast can-
cer survivors is recommended and can include 
provider clinical interview and patient clinical 
report, review of medical records to assess risk 
factors (e.g., surgical history, medical comorbidi-
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ties), and use of standardized PROs. Once PBP 
has been diagnosed, treatment options include 
exercise and psychosocial interventions in addi-
tion to or in lieu of medications.
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�Introduction

Peripheral neuropathy is a very common side 
effect of breast cancer treatment that can arise 
from both surgical treatment and systemic treat-
ment with chemotherapy agents. This can be a 
life-altering side effect during and after cancer 
treatment. Long-term neurotoxicity can have a 
substantial impact on quality of life and overall 
survivorship. This chapter on neuropathy within 
the breast cancer patient population will review 
different types or origins of treatment-induced 
neuropathy, identify risk factors, and summarize 
available literature regarding prevention and 
treatment. While the information provided on 
chemotherapy-induced peripheral neuropathy 
(CIPN) is somewhat generalizable to a variety of 
patients that have received chemotherapy or have 
certain risk factors, this is especially pertinent to 
breast cancer survivors, given the high percent-
age of patients that experience CIPN following 
disease treatment.

�Origin

�Post-mastectomy Pain

Persistent pain sometimes follows surgical 
treatment for breast cancer and has a negative 
impact on quality of life for cancer survivors 
[1]. Surgical treatment of breast cancer can be 
divided into two surgical procedures on the 
breast (lumpectomy and mastectomy) and two 
in the axilla (sentinel lymph node biopsy 
(SLNB) and axillary lymph node dissection 
(ALND)). The term postmastectomy pain syn-
drome (PMPS) has been used to describe a neu-
ropathic pain syndrome in and around the site 
of surgery originally attributed to intercosto-
brachial nerve (ICBN) damage during surgical 
dissection [2]. The International Association 
for the Study of Pain (IASP) defines PMPS as 
persistent pain soon after mastectomy or 
lumpectomy affecting the anterior thorax, 
axilla, and/or upper arm [3]. PMPS has a vari-

able prevalence ranging from 25% to 60% [4]. 
This wide prevalence range is likely due to 
inconsistent definitions across studies. Studies 
focusing on the narrower category of neuro-
pathic pain tend to place the incidence at a 
lower rate (e.g., 23.9%) [5] than those includ-
ing a broader range of post-mastectomy pain 
symptoms, such as musculoskeletal pain, phan-
tom breast pain, or lymphedema (e.g., 47%) 
[1]. This broader range of pain syndromes has 
been characterized as persistent post-mastec-
tomy pain (PPMP) to differentiate from the 
classic PMPS [1].

There are pre-, intra-, and postoperative risk 
factors associated with the development of per-
sistent pain after breast cancer surgery [1]. 
Preoperative risk factors associated with PPMP 
include age under 40  years, minority race/eth-
nicity, the presence of preoperative breast or 
other pain, and the presence of a psychiatric 
diagnosis [1, 4]. The higher risk with younger 
age may be related to the more aggressive nature 
of the disease and more aggressive surgical 
treatment in the younger population [6]. The 
effect of race/ethnicity may be the consequences 
of minority patients receiving a diagnosis at a 
more advanced stage which would require more 
extensive surgical intervention, which is an 
independent risk factor for the development of 
PPMP [1]. Pain, whether at the breast or in dis-
tant areas of the body such as headache or low 
back pain [4, 7], predisposes to the development 
of PPMP. The mechanisms responsible for this 
vulnerability are unclear, but are thought to be 
related to central sensitization facilitating devel-
opment of postoperative pain [1]. Multiple stud-
ies have confirmed the association of chronic 
postsurgical pain with depression, stress, and 
psychologic vulnerability [8]. Similarly, there is 
evidence of the association of anxiety, catastro-
phizing (the tendency to exaggerate the negative 
consequences of events or decisions), sleep dis-
turbance, and somatization with the develop-
ment of PPMP [9].

Intraoperative risk factors for the development 
of PPMP include the type of axillary surgery. 
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Having an ALND, vs SLNB, is associated with a 
higher risk of PPMP; of note, SLNB is the cur-
rent standard of care for assessment in the pres-
ence of lymph node metastatic disease [4, 10]. 
Some, but not all, studies suggest that damage to 
the ICBN during axillary dissection leads to the 
development of PPMP [4, 11, 12]. In contrast, 
use of a preincisional paravertebral block has 
been reported to decrease the prevalence and the 
intensity of PPMP [13].

Postoperative risk factors for the development 
of PPMP include higher levels of acute postop-
erative pain (pain begets pain) [4, 12] and receipt 
of radiation therapy [14]. Adjuvant regional 
radiotherapy increases risk of the development of 
PPMP (OR = 1.5, 95% CI = 1.08–2.07, p = 0.03), 
likely due to associated tissue fibrosis, nerve 
entrapment, and limited range of motion of the 
shoulder [1, 15].

�Taxane Therapy

Taxane chemotherapy agents, such as docetaxel 
(Taxotere™) and paclitaxel (Taxol™), are com-
mon chemotherapies utilized in the treatment 
of both early-stage and metastatic breast can-
cer [16]. Taxanes are antineoplastics that act as 
microtubule stabilizers, promoting the assembly 
of microtubules by enhancing the action of tubu-
lin dimers and thereby inhibiting disassembly. 
This inhibits cell replication by interfering with 
the G2 mitotic phase. Additionally, chromosome 
breakage can result from mitotic spindle distor-
tion [17]. Incidence of chemotherapy-induced 
peripheral neuropathy (CIPN) from taxanes can 
be as high as 87% and is more commonly seen 
with paclitaxel [18] than other taxanes. Because 
small-diameter sensory fibers are primarily 
affected, sensory dominant neuropathy is the 
primary presentation of taxane-induced neu-
ropathy and includes paresthesias, dysesthesias, 
numbness, reduced proprioception, and loss of 
dexterity in fingers and toes, though other areas 
may also be impacted. Symptoms are dose-
dependent and can start as early as days after the 
initial dose and can persist for up to 1–3 years 
after therapy is completed. In some cases, how-

ever, taxane-induced neuropathy does not sub-
side with discontinuation of treatment and is a 
lifelong issue [18].

The causative mechanism for taxane-induced 
neurotoxicity is both complex and multifacto-
rial and driven by the following: microtubule 
disruption, mitochondrial dysfunction, axon 
degeneration, altered calcium homeostasis, 
alterations in peripheral nerve excitability, and 
neuroinflammation and immune processes. The 
disruption of microtubules through aggregation 
and bundling impairs axonal transport of syn-
aptic vesicles that contain lipids, proteins, and 
ion channels. Compromised transport to distal 
neuronal parts of these essential cellular compo-
nents and of mRNA lead to increased production 
of reactive oxygen species (ROS). Increased lev-
els of ROS result in apoptotic activation, demy-
elinization, and cell structure disruption that 
ultimately leads to signal transmission impair-
ment, immune activation, and pro-inflamma-
tory cytokine production that drives additional 
mitochondrial damage [18]. Additionally, axo-
nal transport impairment leads to distal nerve 
segment degeneration and axonal membrane 
remodeling. Calcium homeostasis dysregula-
tion may also contribute to chemotherapy-
induced peripheral neuropathy as paclitaxel can 
cause mitochondrial calcium release and may 
incite endoplasmic reticulum calcium release. 
Ion channel expression and function alteration 
is perhaps another contributory mechanism as 
decreased voltage-gated potassium channels 
and increased voltage-gated sodium channels 
have been correlated to peripheral neuropathy 
development from paclitaxel. Finally, paclitaxel 
drives increased production of pro-inflamma-
tory cytokines and decreases anti-inflammatory 
cytokines which leads to immune cell activation 
and neuroinflammation [18].

�Risk and Baseline Workup

Peripheral neuropathy is a common and painful 
complication from treatment for breast cancer. 
Neuropathy can develop weeks or months after 
the initiation of chemotherapy and last for months 
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to years after completion. One of the most com-
mon risk factors is the receipt of taxane- or 
platinum-based chemotherapy, as discussed 
above. Another treatment-related risk factor is 
having undergone mastectomy. Clinical risk fac-
tors for having neuropathy after cancer treatment 
include older age, higher body mass index (BMI), 
and the presence of neuropathy at baseline [19].

Diabetes is also a risk factor for CIPN. Patients 
with diabetes are already predisposed to develop-
ing peripheral neuropathy due to nerve endings 
being exposed to high levels of glucose. When 
combined with taxane therapy, diabetic patients 
tend to develop peripheral neuropathy at a greater 
rate. Diabetic patients with or without complica-
tions had a two-thirds greater chance of develop-
ing CIPN [20].

The importance of a thorough medical history 
should not be underestimated in the initial 
workup for breast cancer survivors with periph-
eral neuropathy. A workup for underlying and 
potentially treatable causes of peripheral neurop-
athy is indicated. Table 8.1 lists causes of periph-
eral neuropathy and how they are diagnosed or 
excluded.

Lesser recognized risk factors for peripheral 
neuropathy include vitamin deficiencies and toxin 
exposure. Other causes of predominantly axonal 
neuropathy include long-standing HIV infection, 
chronic renal insufficiency, amyloidosis, hypo-
thyroidism, Lyme disease, and monoclonal gam-
mopathy of undetermined significance (MGUS). 
Peripheral neuropathy associated with autoim-
mune disorders are more commonly demyelinat-
ing, including Guillain-Barre Syndrome. While 
rare, there are known hereditary causes of neu-
ropathy, including Charcot-Marie-Tooth, mito-
chondrial disorders, and leukodystrophies. These 
potentially undiagnosed conditions should be 
ruled out in patients with CIPN.

One significant risk factor for peripheral neu-
ropathy after breast cancer treatment is obesity. 
Obesity is defined as a body mass index (BMI) 
greater than 30  kg/m2. The study at Cleveland 
Clinic conducted by Ali et al. showed that obese 
patients were two times more likely to suffer 
from peripheral neuropathy than underweight or 
normal weight patients [21]. Obesity has also 

been reported to increase the incidence of 
diabetic-induced peripheral neuropathy [19]. 
This is due to increased insulin resistance and 
obesity-related complications such as dyslipid-
emia. Another possible cause of increased risk of 
peripheral neuropathy is that obese patients 
receive increased doses of chemotherapy due to 
higher body surface area.

Peripheral neuropathy symptoms prior to 
diagnosis/treatment of breast cancer are prognos-
tic for peripheral neuropathy after treatment is 
complete. One study showed that there was no 
difference in reporting of peripheral neuropathy 
symptoms in these patients even if scheduling of 
paclitaxel is changed to every 2–3  weeks com-
pared to weekly treatment [21]. Previous periph-
eral neuropathy symptoms can also be linked to a 
history of diabetes as stated above.

Older age is perhaps associated with increased 
incidence of CIPN.  One study conducted at 
Memorial Sloan Kettering showed that, out of 
296 study participants, 67.6% of participants 
who were older than 65  years old experienced 

Table 8.1  Neuropathy differential and workup

Risk factors Diagnosis
Vitamin deficiencies Check for deficiencies in 

vitamins such as B12, folate, 
copper, vitamin E, thiamine
Check for excess vitamin B6

Toxin exposure Alcohol consumption/
alcoholism (thiamine 
deficiency)
Heavy metal screen – 
24-hour urine specimen 
(lead, arsenic, mercury, 
industrial agents)

Infection HIV testing
Hepatitis serologies
Lyme disease

Hypothyroidism Thyroid function testing
Monoclonal 
gammopathy of 
undetermined 
significance (MGUS)
Amyloidosis

SPEP
UPEP
Immunofixation

Autoimmune disorders 
(i.e., Guillain-Barre 
Syndrome)

Antinuclear antibodies 
(ANA), erythrocyte 
sedimentation rate (ESR)
Rheumatoid factor (RF)

Diabetes Hemoglobin A1c, fasting 
blood glucose
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neuropathy compared to 55.4% of participants 
who were younger than 65 [19]. This observa-
tion, however, was not noted across the board. 
Another study at Cleveland Clinic looking at 650 
patients from 2009 to 2016 showed that older age 
was associated with lower risk of peripheral neu-
ropathy (p < 0.05) [21]. Furthermore, there was 
another study where variables such as obesity, 
treatment schedule, and age were assessed. In 
this study, age was not an independent risk factor 
for CIPN [22]. Further research needs to be per-
formed on this variable as the evidence is 
inconclusive.

Vitamin-related causes of peripheral neuropa-
thy include deficiencies in vitamin B12, copper, 
vitamin E, and thiamine, and excess vitamin B6. 
Vitamin B12 deficiency can result from extreme 
strict veganism, pernicious anemia, gastric 
bypass, and/or prolonged antacid use with proton 
pump inhibitors or histamine-2 receptor antago-
nists. Copper competes with zinc absorption, so 
excessive zinc supplementation can cause cop-
per deficiency and lead to peripheral neuropa-
thy. Excessive vitamin B6, resulting from doses 
greater than 2 g per day or taking lower doses, 
such as 50 mg per day over an extended period 
of time, may also contribute to peripheral neu-
ropathy [23].

Alcohol and toxin exposures are associated 
with peripheral neuropathy. Alcoholism, for 
instance, is associated with vitamin deficiencies 
such as thiamine and folate. Therefore, inquiring 
about alcohol use is important because patients 
who are heavy drinkers are at risk for peripheral 
neuropathy. Potential heavy metal toxins include 
lead, arsenic, mercury, and industrial agents. 
These are not particularly common in developed 
countries but could still be seen with industrial 
pesticides or well water. Exposure to these toxins 
is known to cause neurotoxicity. Testing for 
heavy metal toxins includes a 24-hour urine spec-
imen [23].

The baseline workup for neuropathy in breast 
cancer survivors involves a series of investiga-
tions including history and physical exam, labo-
ratory data (as in Table 8.1), and electrodiagnostic 
testing. In some cases, a referral to neurology is 
also encouraged. As initial history, it is important 

to gain a clear understanding of the duration and 
degree of chronic illnesses that may be associated 
with neuropathy (i.e., diabetes mellitus, mono-
clonal gammopathy) and duration of these ill-
nesses. Patients should also be queried about 
recent viral illnesses, new medications, toxin 
exposures, current alcohol use, and family his-
tory of disease that may be associated with neu-
ropathy. In addition to a full physical and 
neurologic exam, the neurologic exam should 
include assessment of upper and lower extremity 
reflexes, distal sensation, and assessment of distal 
muscle strength and atrophy [24]. As guided by 
the history and physical exam, there are labora-
tory studies that can help determine the underly-
ing cause of neuropathy. Initial serum testing 
should include fasting glucose, hemoglobin A1c, 
vitamin B12 and folate, SPEP, thyroid function 
tests, antinuclear antibodies (ANA), and erythro-
cyte sedimentation rate (ESR). Baseline urine 
testing should include UPEP with immunofixa-
tion (IFE). Pending the history and physical 
exam, other tests to consider might include HIV, 
hepatitis serologies, rheumatoid factor (RF), 
heavy metal screen, porphyrin screen, and testing 
for Lyme disease, among others.

In addition to history/physical exam and lab-
oratory testing, electrodiagnostic testing includ-
ing either a nerve conduction study (NCS) or 
electromyography (EMG) should be considered 
to determine severity of neuropathy and type 
(i.e., demyelinating vs axonal vs both). The 
results can help narrow down the differential 
diagnosis in concert with laboratory findings. 
As an example, results that show a predominant 
axonal neuropathy would point toward a sys-
temic disorder, toxin, or medication as under-
lying cause of neuropathy. On the other hand, 
results illustrating a demyelinating process 
would indicate an autoimmune or hereditary 
disorder. In some cases, where there is either a 
mixed picture, additional diagnostic testing is 
needed to make a diagnosis, such as a lumbar 
puncture or peripheral nerve biopsy.

Once a diagnosis of neuropathy is established, 
there are tools to help determine severity of the 
disease and/or how the symptoms may be impair-
ing a patient’s function and/or quality of life; see 
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Table 8.2. The Common Terminology Criteria for 
Adverse Events (CTCAE) was developed by the 
National Cancer Institute (NCI) as descriptive 
terminology which can be utilized for Adverse 
Event (AE) reporting in the context of clinical 
trials. A grading (severity) scale is provided for 
each AE term, in this case sensory peripheral 
neuropathy, from grade 1 (asymptomatic) to 
grade 4 (life-threatening consequences where 
urgent intervention is necessary). The European 
Organization for Research and Treatment of 
Cancer (EORTC) has developed a 20 question, 
self-reported, quality of life (QOL) question-
naire to assess chemotherapy-induced periph-
eral neuropathy termed the Cancer Quality of 
Life Questionnaire-Chemotherapy-Induced 
Peripheral Neuropathy (QLQ-CIPN20) [25]. This 
questionnaire supplements the core EORTC QOL 
assessment and provides information specific to 
severity and impact of CIPN to guide appropri-
ate interventions. The Total Neuropathy Score 
(TNS) is another tool that has been developed 
to assess chemotherapy-induced neuropathy and 
has been directly compared with National Cancer 
Institute Common Toxicity Criteria (NCI-CTC) 
with high correlation between assessment scores; 
however, the TNS did show a higher sensitivity 
to CIPN changes than the NCI-CTC [26]. Finally, 
the Functional Assessment of Cancer Therapy/
Gynecologic Oncology Group-Neurotoxicity 
(FACT-GOG-Ntx) questionnaire includes an 
11-item subscale in addition to the FACT-G 
(general) questionnaire [27]. This validated tool 
reliably evaluates symptoms and concerns asso-
ciated with CIPN. Each of these tools can be used 
to assess neuropathy in clinical breast cancer care 
and/or incorporated into the design of clinical tri-
als devoted to this patient population.

�Approaches to Treatment

�Treatment of Post-mastectomy Pain 
Syndrome

Persistent post-mastectomy pain is a complex 
syndrome leading to pain and psychosocial and 
physical dysfunction. Therefore, consideration of 
a multidisciplinary approach may be beneficial 
for management [28]. Like many neuropathic 
pain syndromes, there is limited research on the 
treatment of PMPS and PPMP, and no consensus 
on treatment exists. Pharmacologic strategies are 
aimed at reducing overall disease burden and, 
therefore, should also be supplemented by non-
pharmacologic strategies. A thorough patient 
assessment will identify the psychological fac-
tors (depression, anxiety, catastrophizing) dis-
cussed above that predispose to development of 
and complicate management of PPMP.  Use of 
pharmacologic agents that target multiple aspects 
of the patient’s presentation (e.g., use of dulox-
etine or venlafaxine to treat depression, anxiety, 
and neuropathic and musculoskeletal pain) may 
improve patient response [1].

The existing treatment modalities for PMPS 
that have randomized, controlled trials with evi-
dence to support their efficacy include several 
small studies. Kalso et  al. studied amitriptyline 
25–100  mg/day and found reduced neuropathic 
pain (p < 0.05) with eight of 15 patients experi-
encing more than 50% reduction in pain intensity 
[29]. Tasmuth et al. showed venlafaxine 75 mg/
day significantly (p < 0.05) reduced average pain 
and maximum pain intensity, but not average 
daily pain intensity compared to placebo [30]. 
Levetiracetam titrated to 3000  mg/day was not 
found to have an effect on PMPS [31]. Caviggiolo 
et al. studied autologous fat grafting in 72 study 
patients compared with 41 controls with PMPS 
and severe scar retractions following mastectomy 
and radiotherapy. A statistically significant 3.2 
point decrease in visual analog score (VAS) 
(p  =  0.0005) was found in the patients treated 
with autologous fat grafting [32].

Because of the lack of prospective randomized, 
controlled trials for the treatment of PMPS, guide-
lines published for the pharmacologic treatment 

Table 8.2  Neuropathy assessment tools

Neuropathy tools
CTCAE (common terminology criteria for adverse 
events)
QLQ-CIPN20 questionnaire
The Total neuropathy score (TNS)
FACT-GOG-Ntx (functional assessment of cancer 
therapy/gynecologic oncology group-neurotoxicity) 
questionnaire
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of neuropathic pain are used to select agents. The 
systematic review and meta-analysis published 
by Finnerup provides guidance in selecting first-, 
second-, and third-line agents for neuropathic 
pain treatment. First-line agents include gaba-
pentinoids, serotonin-norepinephrine reuptake 
inhibitors, and tricyclic antidepressants. Second-
line agents include capsaicin 8% patches, lido-
caine patches, and tramadol. Third-line agents 
with limited evidence or increased potential risks 
include botulinum toxin A and strong opioids, 
respectively [33]. Prospective studies evaluating 
standard neuropathic pain treatments to address 
their effectiveness in PPMP specifically are nec-
essary to provide guidance on effective evidence-
based treatment.

�Treatment of CIPN

�Herbal Supplements

Alpha-Lipoic Acid (ALA)
Alpha-lipoic acid (ALA) is an antioxidant com-
pound with efficacy in patients with diabetic 
neuropathy, theorized to be due to oxidative 
stress and free-radical formation [34]. Due to 
its benefit in this type of neuropathy, investi-
gators have studied its use for treatment of 
CIPN. In a small study of 14 patients who had 
received docetaxel and cisplatin chemotherapy, 
investigators tried to determine benefit from 
ALA on neurological symptoms [35]. Patients 
received treatment with ALA 600 mg IV once 
per week for 3–5 weeks, followed by 1800 mg 
orally once daily until symptom recovery or a 
maximum of 6 months. Neurologic symptoms 
were evaluated and eight patients were found to 
have symptom improvement [34]. Other results 
include a median time to response of 4 weeks 
and median duration of treatment with ALA 
of 2 months, and investigators did not find any 
significant adverse effects other than mild gas-
tric pain and Grade I/II nausea/vomiting [35]. 
These studies include small sample sizes, and 
the authors conclude that larger, randomized 
studies are needed to better evaluate the role of 
ALA in treatment of CIPN.

L-Carnitine/ALC (Acetyl-L-Carnitine)
Acetyl-L-carnitine (ALC) is a compound that 
plays an important role in neuronal protec-
tion. In animal models, ALC has been shown to 
improve sensory neuropathy and reduce sever-
ity of neuropathy [34]. In a large, randomized, 
double-blind trial, investigators compared 409 
patients receiving either ALC 3000  mg per 
day or placebo, to determine benefit in preven-
tion of CIPN [36]. After 12 weeks, use of ALC 
provided no evidence of benefit compared to 
placebo. Concerningly, at further follow-up of 
24 weeks, investigators noted that use of ALC 
was associated with a statistically significant 
increase in CIPN.  This was the first study to 
provide evidence that a nutritional supple-
ment increases neuropathy [37]. Maestri and 
colleagues performed a small pilot study of 
27 patients to determine the effect of ALC on 
CIPN [38]. The primary objective of this study 
was to investigate the activity of ALC in revers-
ing peripheral neuropathy. Patients were treated 
with ALC 1 g IV/day for at least 10 days. The 
majority (73%) of the patients showed at least 
one grade of reduction in severity of peripheral 
neuropathy [38]. While there was one case of 
insomnia reported from ALC, it was otherwise 
well-tolerated. ALC may provide some benefit 
for treatment of CIPN after chemotherapy ces-
sation, but should not be used for prevention 
[39]; further studies are still needed to fully 
determine its role in treatment.

�Prescription Medications
Many pharmacologic agents such as anticon-
vulsants including carbamazepine, gabapenti-
noids like gabapentin and pregabalin, as well as 
antidepressants such as amitriptyline have not 
been studied as preventatives for CIPN. Because 
of lack of evidence, these agents are not cur-
rently recommended for the prevention of CIPN 
[39]. As the majority of evidence is found in the 
CIPN treatment setting, the following will 
focus on current literature and recommenda-
tions for the treatment versus prevention of 
CIPN. A list of supplements and medications to 
be considered for the treatment of neuropathy 
in breast cancer survivors can be found in 
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Table 8.3, and our recommended management 
approach for patients who develop CIPN is out-
lined in Fig. 8.1.

�Antidepressants

Duloxetine
Serotonin and norepinephrine are neurotransmit-
ters that may inhibit input to neurons in the spinal 
dorsal horn resulting in suppression of transmis-
sion of painful peripheral stimuli [40]. Because 
serotonin-norepinephrine reuptake inhibitors 
have shown benefit in the treatment of neuropathy-
related pain, they were hypothesized to poten-
tially treat CIPN as well. CIPN benefit with 
duloxetine was demonstrated in a double-blind, 
crossover trial that included 231 patients with 
CIPN secondary to receiving a taxane or plati-

num. Patients assigned to duloxetine received 
30 mg once daily for 1 week and then increased 
to 60  mg daily for an additional 4  weeks. The 
implementation of duloxetine resulted in 
improvement in functional and quality of life 
scores, pain, as well as improved numbness and 
tingling in feet, although no change in hands 
[41]. The benefit of duloxetine on CIPN is also 
supported by a small, randomized crossover 
Japanese trial in patients that had previously 
received oxaliplatin, paclitaxel, vincristine, or 
bortezomib. The trial included 34 patients in 
which patients were randomized to receive 
duloxetine 20  mg daily for 1  week and then 
increased to 40 mg daily for 3 weeks or vitamin 
B12 at 1.5 mg daily for 4 weeks [42]. Of note, 
patients were allowed to continue other analge-
sics including opioids, pregabalin, acetamino-

Table 8.3  Supplements and medications for the treatment of neuropathy

Dosing Strength of recommendation
Herbal supplements
Alpha-lipoic acid (ALA) 600 mg IV once weekly for 3–5 weeks, followed by 

1800 mg/day orally until symptom recovery or a max 
of 6 months

Inconclusive, further larger, 
randomized trials are needed

Acetyl-L-carnitine 
(ALC)

1 g IV once daily for at least 10 days Inconclusive, further larger 
studies still needed

Anticonvulsants
Gabapentin Incrementally escalated over 3 weeks to target dose 

of 2700 mg daily
Inconclusive data, but a 
reasonable option in select 
patients with CIPN

Pregabalin 75 mg twice daily with dose ranges of 150 mg to 
450 mg daily

Limited data, but a reasonable 
option in select patients with 
CIPN

Lamotrigine 25 mg incrementally escalated every 2 weeks to 
maximum dose of 150 mg twice daily

Lack of evidence. Not 
recommended given concern for 
Stephens-Johnson syndrome

Tricyclic antidepressants
Nortriptyline Target maximum dose of 100 mg daily Inconclusive data, but a 

reasonable option in select 
patients with CIPN

Amitriptyline 10 mg daily with dose escalation of 10 mg per week 
to maximum of 50 mg daily

Inconclusive data, but a 
reasonable option in select 
patients with CIPN

SNRIs/SSRIs
Duloxetine 30 mg daily for 1 week then increased to 60 mg daily Inconclusive data, but a 

reasonable option in select 
patients with CIPN

Topical
Topical analgesic gel 
(amitriptyline/ketamine 
± baclofen)

Varying doses due to compounded formulations, 
including: baclofen 10 mg, amitriptyline 40 mg 
(3%), ketamine 20 mg (1.5%) applied twice per day 
for up to 4 weeks

Inconclusive data, but a 
reasonable option in select 
patients with CIPN
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phen, and nonsteroidal anti-inflammatory agents 
though no new analgesic agents were allowed 
during the study. There was an improvement in 
severity of numbness and pain using a visual ana-
log scale in patients that received duloxetine sug-
gesting a beneficial effect on CIPN [42]. While 
potential benefit has been shown with the use of 
duloxetine for CIPN, additional prospective, ran-
domized trials are needed to determine overall 
benefit and provide support for this recommenda-
tion. Duloxetine is provided as a recommenda-
tion for CIPN within the ASCO guidelines [39].

Tricyclic Antidepressants (TCAs): 
Nortriptyline and Amitriptyline
The analgesic effect of TCAs is thought to be 
related to increased serotonin and norepineph-
rine in pain modulating systems in the central 
nervous system [43]. In a randomized, double-
blind, crossover study to determine the ben-
efit of nortriptyline in CIPN, specifically with 
cisplatin, patients randomized to nortriptyline 
received a target maximum dose of 100  mg 
daily versus placebo. A total of 51 patients 
were included within the study. There was no 
significant difference with regard to quality of 
life or paresthesia between groups though there 

was potential effect in the second period of the 
crossover design which may have been due to 
carryover effect. Patients receiving nortriptyline 
did experience increased dry mouth, dizziness, 
and constipation [43].

The impact of another TCA, amitriptyline, on 
CIPN was also explored in a double-blind, ran-
domized trial that included 44 patients that had 
previously received chemotherapy containing a 
platinum, taxane, or vinca alkaloid. Patients in 
the treatment arm were initially treated with ami-
triptyline 10 mg daily with a dose escalation of 
10 mg per week, up to 50 mg per day, for a total 
of 8  weeks. While there was a trend toward 
improved quality of life and global improvement 
with patients receiving amitriptyline, sensory 
neuropathic symptoms were not improved, and 
no statistical significance was reached [44]. 
Despite lack of evidence supporting efficacy, the 
current CIPN ASCO guidelines report it is rea-
sonable to consider TCAs given current limited 
treatment options [39].

Anticonvulsants: Gabapentin, Pregabalin, 
and Lamotrigine
After nerve injury, neuronal excitability is 
hypothesized to be caused by α2δ1 subunit 

Patient with breast cancer history and CIPN

Basic history, physical exam,
and laboratory evaluation

Suggestive of metastases?

History of chemotherapy?

Non-pharmacologic interventions:

Staging scans to rule out metastases
no

no yes

yes

-
-
-

Yoga
Exercise
Acupuncture The following have not

shown benefit for CIPN:
-
-

Glutamine
Lamotrigine

- Look for other
causes of
neuropathy

Pharmacologic interventions:
Duloxetine

Gabapentin/pregabalin
Tricyclic antidepressants
Topical gel
(baclofen/amitriptyline/ketamine)

Reasonable to consider:
-

-
-
-

- Consider referral
to neurology

Fig. 8.1  Recommended approach chemotherapy-induced peripheral neuropathy (CIPN) in a breast cancer survivor
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upregulation of the voltage-dependent calcium 
channels in the dorsal nerve root ganglia. 
Gabapentin inhibits this subunit and thereby 
reduces calcium influx and neurotransmitter 
release from hyperexcited neurons, reducing 
nociception [45]. Given gabapentin’s ability to 
relieve peripheral neuropathy in other settings, it 
was studied in a double-blind, placebo-controlled, 
randomized, crossover trial in 115 patients with 
symptomatic CIPN who had previously received 
chemotherapy to include taxanes, platinums, or 
vinca alkaloids. Patients were prescribed gaba-
pentin (300 mg capsules), and the dose of gaba-
pentin was incrementally escalated over 3 weeks 
with a target dose of 2700 mg daily for 6 weeks 
total of gabapentin. Overall, there was no differ-
ence in symptom severity between groups, and 
adverse events were similar, suggesting no bene-
fit to the utilization of gabapentin for CIPN [46].

The benefit of pregabalin use for the treatment 
of CIPN was reviewed in two similar retrospec-
tive studies in which patients had been treated 
with oxaliplatin or paclitaxel chemotherapy. 
Pregabalin doses ranged from 150 mg to 450 mg 
daily. The administration of pregabalin was asso-
ciated with a significant decrease in CIPN, sug-
gesting pregabalin may be beneficial for reducing 
severity of CIPN. Of note, both studies are retro-
spective in nature [47, 48]. In a prospective, ran-
domized trial, 46 patients diagnosed with breast 
cancer receiving paclitaxel 80  mg/m2 for 
12 weeks were randomized to pregabalin or pla-
cebo. Patients receiving pregabalin were initiated 
on 75 mg twice daily starting on the first night of 
chemotherapy and continuing for 12 weeks. The 
pregabalin dose was decreased during the 13th 
week to once daily at bedtime, after which 
patients concluded the study. There was no dif-
ference seen between arms with regard to pain 
scores, which limited enthusiasm for conducting 
a phase II trial [49]. Although there is lack of evi-
dence for benefit, the CIPN ASCO guidelines do 
provide gabapentin and pregabalin as reasonable 
treatment options for CIPN given current limited 
treatment options and established efficacy for 
other types of neuropathic pain [39].

Lamotrigine acts to inhibit neuronal sodium 
channel function, decreasing excitatory neu-
rotransmitter release, such as glutamate and aspar-

tate. Because increased activity of sodium channels 
may lead to hyperalgesia and based on lamotrigi-
ne’s mechanism, lamotrigine has been studied as a 
possible treatment option for CINV. Lamotrigine 
was studied in 131 patients with symptomatic 
CIPN that had previously received chemotherapy 
with a taxane, platinum, or vinca alkaloid agent in 
a randomized, double-blind trial. Patients received 
lamotrigine 25 mg at bedtime for 2 weeks, 25 mg 
twice daily for 2  weeks, 50  mg twice daily for 
2 weeks, 100 mg twice daily for 2 weeks, and then 
final dose escalation to 150  mg twice daily for 
2 weeks. There was no statistical difference found 
between groups with regard to pain scores, sug-
gesting no benefit of lamotrigine in the treatment 
of CINV [50]. Given lack of evidence of efficacy 
and the risk of Stephens-Johnson syndrome asso-
ciated with lamotrigine, it is not recommended for 
the treatment of CIPN by the ASCO guidelines 
[37, 39].

Topical Analgesic Gel: Amitriptyline/
Ketamine ± Baclofen
Topical analgesic agents have been studied in 
treatment of neuropathy, primarily in the setting 
of diabetic neuropathy [34]. Topical formulations 
have an advantage over oral agents in minimizing 
systemic absorption and therefore widespread 
toxicity and may be an innovative approach to 
management of CIPN.  Based on data in other 
types of pain, a topical formulation of amitripty-
line and ketamine with or without baclofen has 
been investigated for treatment of CIPN. These 
three agents were selected due to their unique 
mechanisms of action. In a double-blind, ran-
domized, placebo-controlled trial of 208 patients, 
investigators sought to evaluate a compounded 
topical analgesic gel for treatment of CIPN [51]. 
Patients were randomized to receive 1.31 g of 
compounded gel containing baclofen 10  mg, 
amitriptyline 40 mg (3%), and ketamine 20 mg 
(1.5%) in a base of organogel versus an identical 
placebo gel; patients were instructed to apply one 
level spoonful of gel to each area of pain, numb-
ness, and/or tingling twice/day for 4 weeks. The 
authors found a trend toward improvement in 
sensory (p = 0.053) and motor (p = 0.021) symp-
toms over placebo [51]. The compounded topical 
formulation appeared to be well-tolerated with-
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out systemic toxicities. However, further investi-
gation is needed as this compound is not FDA 
approved and long-term safety has not been 
established. Another consideration is that com-
pounded products are typically not covered by 
prescription insurance plans, leading to excessive 
costs. A larger phase III randomized, placebo-
controlled study of amitriptyline and ketamine 
was evaluated in 462 cancer survivors with CIPN 
[52]. Patients were instructed to apply up to 4 g 
of a topical gel containing amitriptyline 4% and 
ketamine 2% twice/day to each area with pain, 
numbness, and/or tingling versus placebo. 
Results from this study did not show a benefit in 
use of amitriptyline/ketamine topical gel for 
decreasing CIPN in cancer patients [52]. 
Providers should be aware that there is limited 
scientific evidence for these topical gel formula-
tions. The most recent ASCO Practice Guidelines 
panel suggests that there is declining interest in 
their use (Loprinzi et al. 2020).

�Non-pharmacologic Treatment 
Options

Most research has focused on pharmacological 
therapies which are aimed at pain control, but 
this does not address the problem of motor weak-
ness due to loss of sensation. This can cause sig-
nificant problems with walking and balance 
which in turn impairs quality of life. Yoga ele-
vates mood and improves balance. When yoga is 
practiced by cancer patients, flexibility and bal-
ance improve. They also demonstrate decreased 
pain severity which decreases stress and 
improves sleep quality [53].

Exercise, in general, has potent anti-inflam-
matory effects. Multiple biological pathways are 
affected during exercise. IL-6 is released during 
exercise which exerts anti-inflammatory proper-
ties. Both low to moderate intensity walking and 
resistance training are recommended with bene-
fits for neuropathy as well as quality of life [54]. 
If a patient has difficulty with stability, water 
aerobics and a stationary bike are alternatives. If 
peripheral neuropathy affects the patient’s hands, 
padded gloves are recommended [55].

Acupuncture has been an integral part of tradi-
tional Chinese medicine for over 2000 years. A 
small retrospective study of 18 patients showed 
that weekly acupuncture over 6 weeks resulted in 
symptomatic improvement in 82% of patients 
[56]. The acupuncture used needling Jing-Well 
points in both the hands and feet. Further research 
was performed to add reflexology to the protocol. 
Thirty breast cancer patients were treated with 
acupuncture of 20  minute sessions 1–2 times/
week in addition to reflexology lasting 
30–40 minutes. Reflexology included deep mas-
sage of the hands and feet including foot cush-
ions in addition to rotating of the wrists, hands, 
ankles, and feet and rubbing the arms and ankles. 
Seven patients with grades 3–4 neuropathy 
reported grade 1–2 at 3 months and no symptoms 
at the 6  months evaluation. All of the patients 
completed the protocol without any significant 
adverse events [56]. This study demonstrates 
benefit for chemotherapy-induced peripheral 
neuropathy but is limited by small sample size.

�Additional Considerations 
on Prevention

Chemotherapy treatments utilized for patients 
with breast cancer often result in untoward 
adverse effects, including neuropathy. When con-
sidering a management approach, prevention 
with various supplements may be helpful to mini-
mize or prevent CIPN from occurring and affect-
ing patients’ quality of life. Dietary supplements 
are commonly used as an adjunct to traditional 
therapies in the breast cancer population [57]. 
Here we will review data to examine supplement 
use for prevention and treatment of CIPN.  A 
summary of supplements for the prevention of 
CIPN is provided in Table 8.4.

�Supplements

�Calcium/Magnesium

IV infusions of calcium and magnesium (Ca/Mg) 
supplementation are a well-researched option for 
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prevention of oxaliplatin-induced peripheral neu-
ropathy. When utilized, common dosing of each 
agent consists of 1 g of calcium gluconate and 1 
g of magnesium sulfate [34]. Oxaliplatin is asso-
ciated with two phases of neurotoxicity, includ-
ing acute and chronic, which are hypothesized 
to be mediated through different mechanisms 
[34]. In initial small studies, IV Ca/Mg infusions 
were shown to decrease incidence and sever-
ity of CIPN symptoms [58]. Several placebo-
controlled trials were initiated to further support 
previous data; however, these were prematurely 
terminated due to inaccurate reports from one of 
these studies that showed a decreased antitumor 
activity from patients receiving Ca/Mg infusions 
[37]. In a large phase III, placebo-controlled, 
double-blind trial of 346 patients who received 
oxaliplatin, patients received IV infusions of Ca/
Mg to prevent CIPN [59]. The study included 
three treatment groups and patients received a) 
Ca/Mg infusions before and after oxaliplatin, 
b) Ca/Mg before oxaliplatin with placebo after, 
and c) placebo infusions before and after oxali-
platin. Unfortunately, findings by Loprinzi and 
colleagues confirm no differences exist in neu-
ropathy among the three study arms and therefore 
no benefit to use of Ca/Mg infusions to decrease 
CIPN from oxaliplatin therapy. Findings from 
this study were further investigated by Pachman 
and colleagues, which helped to describe pat-
terns of oxaliplatin-induced peripheral neuropa-
thy and also supported the idea that presence of 
acute neuropathy projects progression to chronic 
neurotoxicity. Researchers report that patients 
with increased severity of acute CIPN with the 

first cycle of chemotherapy were found to expe-
rience further chronic sensory neurotoxicity 
(P < 0.0001) [60]. While we now have a better 
understanding of oxalipatin-induced neurotox-
icity, Ca/Mg infusions do not have consistent 
evidence of benefit, and providers should not rec-
ommend this supplement for prevention of CIPN.

�Glutathione

Glutathione is a natural and potent antioxidant 
supplement with a high affinity for heavy metals 
[34]. A related compound, N-acetylcysteine, acti-
vates glutathione peroxidase, which also results 
in an increased serum concentration of glutathi-
one [61]. The mechanism of benefit of glutathi-
one is thought to be due to prevention of platinum 
adducts in the dorsal root ganglia [61]. Further 
neuroprotective benefit of glutathione is through 
inhibiting the activation of p53 [61]. Several 
small studies have tried to evaluate the neuropro-
tective effects of glutathione, as well as 
N-acetylcysteine, against CIPN. In initial smaller 
studies, glutathione effectively prevented 
cisplatin-induced peripheral neuropathy without 
blunting effects of the chemotherapy on the 
tumor [34]. Based on these positive results, a 
randomized, double-blind trial of 151 patients 
with ovarian cancer was conducted to study the 
efficacy of cisplatin with placebo (normal saline) 
versus cisplatin with glutathione to decrease 
CIPN. Investigators found that there was a statis-
tically significant difference in peripheral neuro-
toxicity in patients treated with glutathione 

Table 8.4  Supplements for the prevention of neuropathy

Role Dosing Strength of recommendation
Calcium/
magnesium 
infusions

Prevention of 
CIPN

1 g calcium gluconate,
1 g magnesium sulfate

Moderate against use

Glutathione Prevention of 
CIPN

1.5 g/m2 glutathione IV over 
15 minutes before chemotherapy

Inconclusive for use with cisplatin/
oxaliplatin; moderately against use with 
paclitaxel/carboplatin

Glutamine Prevention of 
CIPN

30 g divided daily for 4–7 days; 
initiate after chemotherapy infusion

Inconclusive, further placebo-controlled 
studies needed

Vitamin E Prevention of 
CIPN

600–800 mg per day divided daily 
during chemotherapy and up to 
3 months after cessation

Moderate against use
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compared to control; other quality of life mea-
sures were also improved [62]. The investigators 
concluded that the addition of glutathione to 
cisplatin-based regimens allows for further treat-
ment with cisplatin due to decreased peripheral 
neuropathy as well as improvement in patient’s 
quality of life. In contrast to the above data, how-
ever, Leal and colleagues performed a phase III, 
randomized, double-blind, placebo-controlled 
study of 185 patients on a paclitaxel and carbo-
platin regimen. Patients received either glutathi-
one 1.5 g/m2 IV over 15  minutes before 
chemotherapy or placebo. The study findings did 
not support the benefit of glutathione to prevent 
CIPN from this regimen [63]. As carboplatin is 
the least neurotoxic of the platinum compounds, 
investigators concluded that the majority of the 
neurotoxicity from this regimen was due to pacli-
taxel. Therefore, glutathione was ineffective in 
prevention of taxane-induced peripheral neurop-
athy [37]. Due to conflicting data, the recommen-
dation for use of glutathione for prevention of 
CIPN from cisplatin and oxaliplatin remains 
inconclusive, and further larger studies are rec-
ommended. ASCO Practice Guidelines recom-
mend moderately against the use of glutathione 
for prevention of CIPN with paclitaxel/carbopla-
tin containing regimens [39].

�Glutamine

Glutamine is an amino acid theorized to have 
neuroprotective effects [34]. This has only been 
studied in small trials to date with use of oral glu-
tamine. In one small study of 46 patients, 17 
received glutamine at a dose of 10 g three times/
day for 4 days, starting 24 hours after completion 
of high-dose paclitaxel chemotherapy [64]. The 
investigators found that patients who received 
glutamine had significantly less weakness, less 
loss of vibratory sensation, and less toe numb-
ness than the control group. However, this study 
was not randomized or blinded leading to possi-
ble bias. Another small study evaluated use of 
glutamine to prevent oxaliplatin-induced neurop-
athy in 86 patients [65]. Patients were random-
ized to receive glutamine 15 g twice/day for 

7 days, starting after oxaliplatin infusion (n = 42) 
or not receive glutamine (n = 44). Patients who 
received glutamine had a significantly lower inci-
dence of Grade III–IV peripheral neuropathy 
than the control group without any effect on 
response to treatment [65]. While these small 
studies may support use of oral glutamine to 
reduce CIPN, further investigation with random-
ized, placebo-controlled trials are recommended 
to elucidate if any benefit exists. Additionally, 
further standardization of appropriate dose of 
oral glutamine is necessary to monitor for possi-
ble adverse effects.

�Vitamin E

In a small open label, randomized, controlled 
trial of breast cancer patients who received cis-
platin, paclitaxel, or a combination regimen, 
subjects were randomized to supplementation 
with oral vitamin E (600  mg/day) during che-
motherapy and 3  months after cessation com-
pared to patients who received no 
supplementation [66]. Investigators found a sta-
tistically significant difference in the incidence 
and severity of CIPN in the subjects who 
received vitamin E supplementation compared 
to the control group. The authors conclude that 
vitamin E supplementation may have a neuro-
protective effect; however, limitations include a 
small study sample without a placebo arm. 
These researchers expanded their 2005 study 
and looked in detail at neuropathy specifically 
from taxane chemotherapy, including safety 
profile [67]. They report that vitamin E is safe, 
well-tolerated, and easy to obtain since it is oral, 
thereby making it a cost-effective option for 
prevention of CIPN. A large, randomized, phase 
III study of 207 patients sought to better under-
stand the role of vitamin E in prevention of 
CIPN [68]. Patients were randomized to receive 
oral vitamin E 400  mg twice/day or placebo; 
study subjects were on the following chemo-
therapy agents: taxanes (n  =  109), cisplatin 
(n = 8), carboplatin (n = 2), oxaliplatin (n = 50), 
or combination (n  =  20). There was no differ-
ence in incidence of grade 2+ neuropathy or 
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time to onset of neuropathy between the two 
arms. Investigators found that vitamin E did not 
reduce CIPN; however, it was well-tolerated. 
ASCO Practice Guidelines further support that 
providers should not recommend vitamin E sup-
plementation due to a lack of consistent evi-
dence that it decreases peripheral neuropathy 
[39]. Moreover, data substantiates that use of 
antioxidants, such as vitamin E, during treat-
ment worsens prognosis [69, 70].

�N-Acetylcysteine

N-Acetylcysteine (NAC) is another supplement 
which has been considered for prevention of 
CIPN.  NAC is considered to have a protective 
effect against CIPN through reduced oxidative 
stress and free-radical destruction [71]. Further, 
cysteine promotes production of glutathione, a 
potent antioxidant. In a small prospective, ran-
domized controlled, open label study of breast 
cancer patients (n = 75) receiving paclitaxel for 
adjuvant therapy, investigators tried to determine 
the incidence of different grades of peripheral 
neuropathy [71]. Patients received either low-
dose NAC therapy (1200 mg daily) or high-dose 
therapy (1200 mg twice daily) or were in the con-
trol group. At study conclusion (12 weeks), the 
incidence of grade 2 and 3 peripheral neuropathy 
was lower in the high-dose group (28.6%) than in 
the other two arms, including the low-dose group 
(61.9%) and control group (100%); this observa-
tion was statistically significant (p < 0.001) [71]. 
The authors concluded that oral NAC dosed at 
1200 mg twice daily may reduce incidence and 
severity of peripheral neuropathy from paclitaxel 
therapy and improve patient’s quality of life. 
However, due to limited data, the ASCO Practice 
Guidelines state that providers should not recom-
mend NAC for prevention of CIPN [39].

�Cryotherapy

Although not beneficial in the survivor setting 
posttreatment, a noteworthy strategy used for 
the possible prevention of chemotherapy-

induced neuropathy that may be helpful for 
patients actively receiving chemotherapy has 
been cryotherapy. Cryotherapy is the incorpora-
tion of cold therapy, such as wearing frozen 
mitts and socks or applying ice to the hands and 
feet, prior, during, and after taxane infusions. 
The general principle behind this is due to vaso-
constriction within these localized areas (hands 
and feet) which ultimately will reduce chemo-
therapy exposure to these areas and thus mini-
mize associated toxicities such as neuropathy. 
Cryotherapy has been utilized with some suc-
cess in reducing chemotherapy toxicities such 
as alopecia and oral mucositis [72]. The litera-
ture supporting cryotherapy is minimal and 
inconclusive as there have been both positive 
and negative trials; therefore, given this uncer-
tainty, it has not been implemented within clini-
cal guideline recommendations. A review of the 
clinical trials that have investigated the imple-
mentation of cryotherapy can be found in 
Table 8.5. Despite uncertainty of clinical bene-
fit, the use of cryotherapy can be considered for 
some patients especially as overall it is consid-
ered a low-risk intervention as the primary 
adverse event, if reported, was poor cold tolera-
bility. The majority of clinical data is within the 
breast cancer patient population receiving 
weekly paclitaxel. Cryotherapy is not recom-
mended for every patient and should not be used 
in some, i.e., patients with Raynaud’s disease. 
Of note, exclusion criteria were variable among 
trials but included: history of peripheral neu-
ropathy, diabetes, peripheral vascular disease, 
Raynaud’s disease, peripheral artery disease, 
hand-foot syndrome, and absence of a finger or 
toe. Consideration for cryotherapy should be 
made for each individual patient.

�Conclusion

Due to both surgical interventions and systemic 
treatment, breast cancer survivors may be 
affected by peripheral neuropathy that can con-
tinue long after treatment concludes and can sub-
stantially impact quality of life and overall 
survivorship. While many potential treatment and 
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preventative measures have been investigated and 
outlined within this chapter, there continues to be 
a lack of literature support to provide strong rec-
ommendations. Additional clinical trials and sup-
portive evidence are needed in this unique patient 
population.

References

	 1.	Tait RC, Zoberi K, Ferguson M, Levenhagen K, 
Luebbert RA, Rowland K, et  al. Persistent post-
mastectomy pain: risk factors and current approaches 
to treatment. J Pain. 2018;19(12):1367–83.

	 2.	Granek I, Ashikari R, Foley K. The post-mastectomy 
pain syndrome: clinical and anatomical correlates. 
Proc A Soc Clin Oncol. 1984;3:122.

	 3.	Merskey. Classification of chronic pain: descriptions 
of chronic pain syndromes and definitions of pain 
terms. Pain. 1986:226.

	 4.	Andersen KG, Kehlet H. Persistent pain after breast 
cancer treatment: a critical review of risk factors and 
strategies for prevention. J Pain. 2011;12(7):725–46.

	 5.	Vilholm OJ, Cold S, Rasmussen L, Sindrup SH. The 
postmastectomy pain syndrome: an epidemiological 
study on the prevalence of chronic pain after surgery 
for breast cancer. Br J Cancer. 2008;99(4):604–10.

	 6.	Kokosis G, Chopra K, Darrach H, Dellon AL, Williams 
EH.  Re-visiting post-breast surgery pain syndrome: 
risk factors, peripheral nerve associations and clinical 
implications. Gland Surg. 2019;8(4):407–15.

	 7.	Meretoja TJ, Leidenius MHK, Tasmuth T, Sipila R, 
Kalso E.  Pain at 12 months after surgery for breast 
cancer. JAMA. 2014;311(1):90–2.

	 8.	Hinrichs-Rocker A, Schulz K, Jarvinen I, Lefering R, 
Simanski C, Neugebauer EA. Psychosocial predictors 
and correlates for chronic post-surgical pain (CPSP) – 
a systematic review. Eur J Pain. 2009;13(7):719–30.

	 9.	Belfer I, Schreiber KL, Shaffer JR, Shnol H, Blaney 
K, Morando A, et  al. Persistent postmastectomy 
pain in breast cancer survivors: analysis of clini-
cal, demographic, and psychosocial factors. J Pain. 
2013;14(10):1185–95.

	10.	Mansel RE, Fallowfield L, Kissin M, Goyal A, 
Newcombe RG, Dixon JM, et  al. Randomized 
multicenter trial of sentinel node biopsy ver-
sus standard axillary treatment in operable breast 
cancer: the ALMANAC trial. J Natl Cancer Inst. 
2006;98(9):599–609.

	11.	Andersen KG, Aasvang EK, Kroman N, Kehlet 
H.  Intercostobrachial nerve handling and pain after 
axillary lymph node dissection for breast cancer. Acta 
Anaesthesiol Scand. 2014;58(10):1240–8.

	12.	Andersen KG, Duriaud HM, Jensen HE, Kroman 
N, Kehlet H. Predictive factors for the development 
of persistent pain after breast cancer surgery. Pain. 
2015;156(12):2413–22.

	13.	Kairaluoma PM, Bachmann MS, Rosenberg PH, 
Pere PJ. Preincisional paravertebral block reduces the 
prevalence of chronic pain after breast surgery. Anesth 
Analg. 2006;103(3):703–8.

	14.	Gartner R, Jensen M-B, Nielsen J, Ewertz M, Kroman 
N, Kehlet H. Prevalence of and risk factors associated 
with persistent pain following breast cancer surgery. 
JAMA. 2009;302:1985–92.

	15.	Poleshuck EL, Katz J, Andrus CH, Hogan LA, Jung 
BF, Kulick DI, et al. Risk factors for chronic pain fol-
lowing breast cancer surgery: a prospective study. J 
Pain. 2006;7(9):626–34.

	16.	NCCN. Breast Cancer Version 3.2020 2020.

Table 8.5  Cryotherapy clinical trials with peripheral neuropathy outcomes

Study Design Intervention

Peripheral 
neuropathy 
outcome

Eckhoff et al., 
2013

1725 breast cancer patients 
receiving docetaxel 100 mg/m2 × 6 
or 75 mg/m2 × 3

Frozen gloves and socks 15 minutes 
before, during, and 15 minutes after 
treatment

Decreased

Griffiths et al., 
2018

29 breast cancer patients treated 
with paclitaxel 175 mg/m2 × 4

Elastogel gloves 15 minutes before, 
during, and 15 minutes after treatment

No change

Hanai et al., 
2018

36 breast cancer patients treated 
with weekly paclitaxel 80 mg/m2 × 
12

Elastogel gloves 15 minutes before, 
during, and 15 minutes after treatment

Decreased

Kanbayashi 
et al., 2019

43 breast cancer patients receiving 
nab-paclitaxel 260 mg/m2

Frozen gloves for 60 minutes No change

Ruddy et al., 
2019

46 patients receiving weekly 
paclitaxel 80 mg/m2 × 12

Crushed ice 15 minutes before, during, 
and 15 minutes after treatment

No change

Sundar et al., 
2017

20 breast cancer patients receiving 
weekly paclitaxel 80 mg/m2 × 12

Continuous-flow hypothermia boots for 
2.5 to 3 hours

Decreased

Wilkinson 
et al., 2016

41 breast cancer patients receiving 
weekly paclitaxel 80 mg/m2 × 12

Hypothermia mitts and slippers 
15 minutes before, during, and 
15 minutes after treatment

Decreased

8  Neuropathy



136

	17.	Paclitaxel(Taxol)[packageinsert]. Paclitaxel (Taxol) 
[package insert]. 2011.

	18.	Zajaczkowska R, Kocot-Kepska M, Leppert W, 
Wrzosek A, Mika J, Wordliczek J.  Mechanisms of 
chemotherapy-induced peripheral neuropathy. Int J 
Mol Sci. 2019;20(6):1451.

	19.	Bao T, Basal C, Seluzicki C, Li SQ, Seidman AD, 
Mao JJ. Long-term chemotherapy-induced peripheral 
neuropathy among breast cancer survivors: preva-
lence, risk factors, and fall risk. Breast Cancer Res 
Treat. 2016;159(2):327–33.

	20.	Hershman DL, Till C, Wright JD, Awad D, Ramsey 
SD, Barlow WE, et  al. Comorbidities and risk 
of chemotherapy-induced peripheral neuropathy 
among participants 65 years or older in south-
west oncology group clinical trials. J Clin Oncol. 
2016;34(25):3014–22.

	21.	Mustafa Ali M, Moeller M, Rybicki L, Moore 
HCF.  Long-term peripheral neuropathy symptoms 
in breast cancer survivors. Breast Cancer Res Treat. 
2017;166(2):519–26.

	22.	Barginear M, Dueck AC, Allred JB, Bunnell C, 
Cohen HJ, Freedman RA, et al. Age and the risk of 
paclitaxel-induced neuropathy in women with early-
stage breast cancer (Alliance A151411): results from 
1,881 patients from cancer and leukemia group B 
(CALGB) 40101. Oncologist. 2019;24(5):617–23.

	23.	Staff NP, Windebank AJ.  Peripheral neuropathy 
due to vitamin deficiency, toxins, and medications. 
Continuum (Minneap Minn). 2014;20:1293–306.

	24.	England J, Gronseth GS, Franklin G, Miller R, Asbury 
A, Carter G, et al. Distal symmetric polyneuropathy: a 
definition for clinical research: report of the American 
Academy of Neurology, the American Association 
of Electrodiagnostic Medicine, and the American 
Academy of Physical Medicine and Rehabilitation. 
Neurology. 2005;64:199–207.

	25.	Postma T, Aaronson NK, Heimans J, Muller M, 
Hildebrand J, Delattre J, et  al. The development of 
an EORTC quality of life questionnaire to assess 
chemotherapy-induced peripheral neuropathy: the 
QLQ-CIPN20. Eur J Cancer. 2005;41:1135–9.

	26.	Cavaletti G, Frigeni B, Lanzani F, Piatti M, Rota 
S, Briani C, et  al. The Total Neuropathy Score 
as an assessment tool for grading the course of 
chemotherapy-induced peripheral neurotoxicity: 
comparison with the National Cancer Institute-
Common Toxicity Scale. J Peripher Nerv Syst. 
2007;12:210–5.

	27.	Calhoun E, Welshman E, Chang C, Lurain J, 
Fishman D, Hunt T, et  al. Psychometric evaluation 
of the Functional Assessment of Cancer Therapy/
Gynecologic Oncology Group—neurotoxicity 
(Fact/GOG-Ntx) questionnaire for patients receiv-
ing systemic chemotherapy. Int J Gynecol Cancer. 
2003;13:741–8.

	28.	Scascighini L, Toma V, Dober-Spielmann S, Sprott 
H.  Multidisciplinary treatment for chronic pain: a 
systematic review of interventions and outcomes. 
Rheumatology (Oxford). 2008;47(5):670–8.

	29.	Kalso E, Tiina T, Neuvonen PJ. Amitriptyline effec-
tively relieves neuropathic pain following treatment 
of breast cancer. Pain. 1996;64:293–302.

	30.	Tasmuth T, Hartel B, Kalso E. Venlafaxine in neuro-
pathic pain following treatment of breast cancer. Eur J 
Pain. 2002;6(1):17–24.

	31.	Vilholm OJ, Cold S, Rasmussen L, Sindrup SH. Effect 
of levetiracetam on the postmastectomy pain syn-
drome. Eur J Neurol. 2008;15(8):851–7.

	32.	Caviggioli F, Maione L, Forcellini D, Klinger 
F, Klinger M.  Autologous fat graft in postmas-
tectomy pain syndrome. Plast Reconstr Surg. 
2011;128(2):349–52.

	33.	Finnerup NB, Attal N, Haroutounian S, McNicol E, 
Baron R, Dworkin RH, et  al. Pharmacotherapy for 
neuropathic pain in adults: a systematic review and 
meta-analysis. Lancet Neurol. 2015;14(2):162–73.

	34.	Pachman DR, Barton DL, Watson JC, Loprinzi 
CL.  Chemotherapy-induced peripheral neuropa-
thy: prevention and treatment. Clin Pharmacol Ther. 
2011;90(3):377–87.

	35.	Gedlicka C, Kornek GV, Schmid K, Scheithauer 
W.  Amelioration of docetaxel/cisplatin induced 
polyneuropathy by α-lipoic acid. Ann Oncol. 
2003;14:339–40.

	36.	Hershman DL, Unger JM, Crew KD, Minasian LM, 
Awad D, Moinpour CM, et  al. Randomized double-
blind placebo-controlled trial of acetyl-L-carnitine 
for the prevention of taxane-induced neuropathy in 
women undergoing adjuvant breast cancer therapy. J 
Clin Oncol. 2013;31(20):2627–33.

	37.	Hershman DL, Lacchetti C, Dworkin RH, Lavoie 
Smith EM, Bleeker J, Cavaletti G, et  al. Prevention 
and management of chemotherapy-induced peripheral 
neuropathy in survivors of adult cancers: American 
Society of Clinical Oncology clinical practice guide-
line. J Clin Oncol. 2014;32(18):1941–67.

	38.	Maestri A, Ceratti ADP, Cundari S, Zanna C, Cortesi 
E, Crinò L. A pilot study on the effect of acetyl-L-
carnitine in paclitaxel-and cisplatin-induced periph-
eral neuropathy. Tumori J. 2005;91:135–8.

	39.	Loprinzi C, Lacchetti C, Bleeker J, Cavaletti G, 
Chauhan C, Hertz D.  Prevention and Management 
of Chemotherapy-Induced Peripheral Neuropathy in 
Survivors of Adult Cancers: ASCO Guideline Update  
J Clin Oncol. (ascopubs.org) 2020;38(38):3325–50

	40.	Willis WD, Westlund KN. Neuroanatomy of the pain 
system and of the pathways that modulate pain. J Clin 
Neurophysiol. 1997;14:2–31.

	41.	Smith EM, Pang H, Cirrincione C, Fleishman S, 
Paskett ED, Ahles T, et  al. Effect of duloxetine on 
pain, function, and quality of life among patients 
with chemotherapy-induced painful peripheral 
neuropathy: a randomized clinical trial. JAMA. 
2013;309(13):1359–67.

	42.	Hirayama Y, Ishitani K, Sato Y, Iyama S, Takada K, 
Murase K, et  al. Effect of duloxetine in Japanese 
patients with chemotherapy-induced peripheral neu-
ropathy: a pilot randomized trial. Int J Clin Oncol. 
2015;20(5):866–71.

H. Moore et al.



137

	43.	Hammack J, Michalak JC, Loprinzi C, Sloan J, 
Novotny P, Soori G, et  al. Phase III evaluation of 
nortriptyline for alleviation of symptoms of cis-
platinum-induced peripheral neuropathy. Pain. 
2002;98:195–203.

	44.	Kautio A, Haanpää M, Saarto T, Kalso 
E. Amitriptyline in the treatment of chemotherapy-
induced neuropathic symptoms. J Pain Symptom 
Manag. 2008;35:31–9.

	45.	Luo Z, Chaplan SR, Higuera E, Sorkin L, Stauderman 
K, Williams M, et  al. Upregulation of dorsal root 
ganglion α2δ calcium channel subunit and its correla-
tion with allodynia in spinal nerve-injured rats. The 
Journal of Neuroscience. 2001;21(6):1868–75.

	46.	Rao RD, Michalak JC, Sloan JA, Loprinzi CL, Soori 
GS, Nikcevich DA, et  al. Efficacy of gabapentin in 
the management of chemotherapy-induced periph-
eral neuropathy: a phase 3 randomized, double-blind, 
placebo-controlled, crossover trial (N00C3). Cancer. 
2007;110(9):2110–8.

	47.	Nihei S, Sato J, Kashiwaba M, Itabashi T, Kudo K, 
Takahashi K.  Efficacy and safety of pregabalin for 
oxaliplatin- and paclitaxel-induced peripheral neu-
ropathy. Gan To Kagaku Ryoho. 2013;40:1189.

	48.	Nagahara H, Noda E, Maeda K, Inoue T, Hirakawa 
T, Hasegawa T, et al. Promising effects of pregabalin 
in the treatment of oxaliplatin-induced sensory neu-
ropathy in patients with colorectal carcinoma. Gan To 
Kagaku Ryoho. 2013;40:1181.

	49.	Shinde S, Seisler D, Soori G, Atherton P, Pachman D, 
Lafky J. Can pregabalin prevent paclitaxel-associated 
neuropathy?  – an ACCRU pilot trial. Support Care 
Cancer. 2015;24:547–53.

	50.	Rao RD, Flynn PJ, Sloan JA, Wong GY, Novotny 
P, Johnson DB, et  al. Efficacy of lamotrigine in the 
management of chemotherapy-induced periph-
eral neuropathy: a phase 3 randomized, double-
blind, placebo-controlled trial, N01C3. Cancer. 
2008;112(12):2802–8.

	51.	Barton DL, Wos EJ, Qin R, Mattar BI, Green NB, 
Lanier KS, et al. A double-blind, placebo-controlled 
trial of a topical treatment for chemotherapy-induced 
peripheral neuropathy: NCCTG trial N06CA. Support 
Care Cancer. 2011;19(6):833–41.

	52.	Gewandter JS, Mohile SG, Heckler CE, Ryan JL, 
Kirshner JJ, Flynn PJ, et al. A phase III randomized, 
placebo-controlled study of topical amitriptyline and 
ketamine for chemotherapy-induced peripheral neu-
ropathy (CIPN): a University of Rochester CCOP 
study of 462 cancer survivors. Support Care Cancer. 
2014;22(7):1807–14.

	53.	Galantino ML, Tiger R, Brooks J, Jang S, Wilson 
K.  Impact of somatic yoga and meditation on fall 
risk, function, and quality of life for chemotherapy-
induced peripheral neuropathy syndrome in cancer 
survivors. Integr Cancer Ther. 2019;18:1–16.

	54.	Kleckner IR, Dunne RF, Asare M, Cole C, Fleming 
F, Fung C, et  al. Exercise for toxicity management 
in cancer  – a narrative review. Oncol Hematol Rev. 
2018;14:28–37.

	55.	Brami C, Bao T, Deng G.  Natural products and 
complementary therapies for chemotherapy-induced 
peripheral neuropathy: a systematic review. Crit Rev 
Oncol Hematol. 2016;98:325–34.

	56.	Ben-Horin I, Kahan P, Ryvo L, Inbar M, Lev-
Ari S, Geva R.  Acupuncture and reflexology for 
chemotherapy-induced peripheral neuropathy in 
breast cancer. Integr Cancer Ther. 2017;16:258–62.

	57.	Zirpoli GR, McCann SE, Sucheston-Campbell LE, 
Hershman DL, Ciupak G, Davis W, et al. Supplement 
use and chemotherapy-induced peripheral neuropathy 
in a cooperative group trial (S0221): the DELCaP 
study. J Natl Cancer Inst. 2017;109(12):djx098.

	58.	Gamelin L, Boisdron-Celle M, Delva R, Guérin-
Meyer V, Ifrah N, Morel A, et  al. Prevention of 
oxaliplatin-related neurotoxicity by calcium and mag-
nesium infusions: a retrospective study of 161 patients 
receiving oxaliplatin combined with 5-fluorouracil 
and leucovorin for advanced colorectal cancer. Clin 
Cancer Res. 2004;10:4055–61.

	59.	Loprinzi CL, Qin R, Dakhil SR, Fehrenbacher L, 
Flynn KA, Atherton P, et  al. Phase III randomized, 
placebo-controlled, double-blind study of intrave-
nous calcium and magnesium to prevent oxaliplatin-
induced sensory neurotoxicity (N08CB/Alliance). J 
Clin Oncol. 2014;32(10):997–1005.

	60.	Pachman DR, Qin R, Seisler DK, Smith EM, Beutler 
AS, Ta LE, et  al. Clinical course of Oxaliplatin-
induced neuropathy: results from the random-
ized phase III trial N08CB (alliance). J Clin Oncol. 
2015;33(30):3416–22.

	61.	Hu LY, Mi WL, Wu GC, Wang YQ, Mao-Ying 
QL.  Prevention and treatment for chemotherapy-
induced peripheral neuropathy: therapies based 
on CIPN mechanisms. Curr Neuropharmacol. 
2019;17(2):184–96.

	62.	Smyth J, Bowman A, Perren T, Wilkinson P, Prescott 
R, Quinn K, et  al. Glutathione reduces the toxicity 
and improves quality of life of women diagnosed 
with ovarian cancer treated with cisplatin: results 
of a double-blind, randomised trial. Ann Oncol. 
1997;8:569–73.

	63.	Leal AD, Qin R, Atherton PJ, Haluska P, Behrens 
RJ, Tiber CH, et al. North Central Cancer Treatment 
Group/Alliance trial N08CA-the use of glutathi-
one for prevention of paclitaxel/carboplatin-induced 
peripheral neuropathy: a phase 3 randomized, 
double-blind, placebo-controlled study. Cancer. 
2014;120(12):1890–7.

	64.	Stubblefield M, Vahdat LT, Balmaceda C, Troxel A, 
Hesdorffer C, Gooch C. Glutamine as a neuroprotec-
tive agent in high-dose paclitaxel-induced peripheral 
neuropathy: a clinical and electrophysiologic study. 
Clin Oncol. 2005;17:271–6.

	65.	Wang WS, Lin JK, Lin TC, Chen WS, Jiang JK, Wang 
HS, et  al. Oral glutamine is effective for preventing 
oxaliplatin-induced neuropathy in colorectal cancer 
patients. Oncologist. 2007;12(3):312–9.

	66.	Argyriou A, Chroni E, Koutras A, Ellul J, 
Papapetropoulos S, Katsoulas G, et  al. Vitamin E 

8  Neuropathy



138

for prophylaxis against chemotherapy-induced neu-
ropathy  – a randomized controlled trial. Neurology. 
2005;64:26–31.

	67.	Argyriou A, Chroni E, Koutras A, Iconomou G, 
Papapetropoulos S, Polychronopoulos P, et  al. 
Preventing paclitaxel-induced peripheral neuropathy: 
a phase II trial of vitamin E supplementation. J Pain 
Symptom Manag. 2006;32:237–44.

	68.	Kottschade LA, Sloan JA, Mazurczak MA, Johnson 
DB, Murphy BP, Rowland KM, et  al. The use of 
vitamin E for the prevention of chemotherapy-
induced peripheral neuropathy: results of a random-
ized phase III clinical trial. Support Care Cancer. 
2011;19(11):1769–77.

	69.	Jung AY, Cai X, Thoene K, Obi N, Jaskulski S, 
Behrens S, et  al. Antioxidant supplementation and 
breast cancer prognosis in postmenopausal women 
undergoing chemotherapy and radiation therapy. Am 
J Clin Nutr. 2019;109(1):69–78.

	70.	Ambrosone C, Zirpoli G, Hutson A, McCann W, 
McCann S, Barlow W, Kelly K, et al. Dietary supple-
ment use during chemotherapy and survival outcomes 
of patients with breast Cancer enrolled in a coopera-
tive group clinical trial (SWOG S0221). J Clin Oncol. 
2020;38:804–14.

	71.	Khalefa HG, Shawki MA, Aboelhassan R, El Wakeel 
LM. Evaluation of the effect of N-acetylcysteine on 
the prevention and amelioration of paclitaxel-induced 
peripheral neuropathy in breast cancer patients: a ran-
domized controlled study. Breast Cancer Res Treat. 
2020;183(1):117–25.

	72.	Peyton L, Fischer-Cartlidge E.  Extremity cool-
ing: a synthesis of cryotherapy interventions to 
reduce peripheral neuropathy and nail changes from 
taxane-based chemotherapy. Clin J Oncol Nurs. 
2019;23:522–8.

H. Moore et al.



139© Springer Nature Switzerland AG 2021 
G. G. Kimmick et al. (eds.), Common Issues in Breast Cancer Survivors, 
https://doi.org/10.1007/978-3-030-75377-1_9

Cancer-Related Cognitive 
Impairment

Austin Wesevich, Karen S. Johnson, 
and Ivy Altomare

�Introduction

There is growing subjective and objective evi-
dence to support the hypothesis that cancer itself, 
independent of or together with chemotherapy, 
can have a lasting negative impact on cognition. 
Cancer-related cognitive impairment (CRCI) is a 
broad term which refers to cognitive deficits 
caused by either cancer, cancer treatment, or 
both, and it is often difficult if not impossible to 
pinpoint the exact cause in an affected patient. 
Colloquially, this condition is often called “che-
mobrain.” CRCI can be one of the most frustrat-
ing aspects of cancer diagnosis, treatment, and 
survivorship for both patients and providers. 
Defining this impairment, estimating the risk, 
testing for deficits, and managing symptoms are 
extremely challenging. Though it is widely rec-
ognized that many cancer patients and survivors 
experience a decline in cognitive function associ-

ated with cancer and/or treatment, there is a rela-
tive paucity of data as analyses are limited by 
inconsistent definitions, varying tumor types and 
treatment regimens, disparate screening tools, 
and non-randomized studies. The largest body of 
evidence studying CRCI exists among patients 
with breast cancer. Here we summarize the avail-
able data as it applies to breast cancer patients for 
CRCI epidemiology, pathogenesis, screening, 
and treatment.

�Definition and Pathophysiology

CRCI describes mild to moderate cognitive 
impairment any time after cancer diagnosis or 
treatment in one or more of the eight cognitive 
domains: sensation, perception, motor skills, 
attention and concentration, memory, executive 
functioning, processing speed, and verbal skills 
(Table  9.1) [1]. In studies of chemotherapy-
related cognitive decline, the domains related to 
the cerebral frontosubcortical circuit, namely, 
memory, processing speed, and executive func-
tion, are most commonly affected [2]. Yet the 
nature and magnitude of deficits are highly vari-
able among patients, and even the designation of 
cognitive fields varies among studies. One cross-
sectional study of 28 early-stage breast cancer 
patients most frequently identified decreased 
attention, concentration, memory, mental flexi-
bility, motor function, and visuospatial ability 
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compared to matched controls [3]. A longitudinal 
study of 18 breast cancer patients receiving adju-
vant FAC (5-fluorouracil, doxorubicin, and 
cyclophosphamide) chemotherapy found the 
most common domains involved in cognitive 
decline at 3 weeks post-chemotherapy were 
attention, learning, and processing speed [4].

As mentioned above, CRCI describes the 
mental deficits caused by the cancer itself as well 
as any effects on cognition by chemotherapy or 
other anti-neoplastic therapies such as radiation, 
endocrine therapy, and targeted therapy. Notably, 
up to one-third of cancer patients may have neu-
rocognitive deficits at baseline, even before they 
receive cancer treatment [5]. Hypotheses for the 
etiologies of CRCI have centered upon the cancer 
itself, the treatment received, or risk factors 
shared between developing cancer and develop-
ing cognitive problems. For example, impairment 
can be caused by direct DNA damage by cyto-
toxic therapy leading to neurodegeneration, DNA 
repair impairment, cytokine elevation, neu-
rotransmitter depletion, reduced antioxidant 
capacity, or thrombosis within CNS microvascu-

lature. We will focus on data examining the spe-
cifically proposed mechanisms of genetic 
susceptibility, underlying inflammation or 
immune dysfunction, neural toxicity, and hor-
monal alterations [6–8].

�Host Characteristics and Genetic 
Susceptibility

One of the theories for CRCI pathogenesis is that 
the genetic risk factors for developing cancer 
itself and for cognitive problems after treatment 
are shared. Risk factors include the presence of 
low-efficiency efflux pumps, deficits in DNA-
repair mechanisms, deregulated immune 
responses and functioning of cytokines, inher-
ently compromised blood-brain barrier effi-
ciency, and genetically modulated reductions in 
neural repair capacity and neurotransmitter activ-
ity [9]. Specifically, one study assessed the role 
of the E4 allele of apolipoprotein E, as it is asso-
ciated with higher risk of Alzheimer’s disease 
and worse cognitive outcomes for those with 

Table 9.1  Cognitive domains and subdomains [1]

Cognitive domain Subdomain I Subdomain II Subdomain III
Sensation Multisensory
Perception Object recognition

Organizational strategies
Motor skills and construction Copying

Drawing
Other praxic skills

Attention and concentration Selective attention
Sustained attention/vigilance

Memory Working memory
Central executive
Maintenance
Manipulation
Episodic/declarative
Procedural
Semantic
Prospective

Verbal
Spatial
Object
Location
Time-based
Event-based

Encoding
Storage
Retrieval (free, cued, forced-choice)

Executive functioning Reasoning
Problem-solving
Component skills management

Processing speed Fluency
Coding and tracking

Language/verbal skills Naming
Fluency
Reading and comprehension
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brain injury, and found that lymphoma and breast 
cancer survivors treated with standard chemo-
therapy who had at least one copy of the allele 
had worse visual memory and spatial ability than 
those without any copies of the E4 allele [10, 11].

�Inflammation and Immune 
Dysfunction

Several studies have assessed various cytokine 
levels in breast cancer patients to determine their 
potential roles in CRCI.  One study focused on 
elucidating the role of inflammation since it is a 
process that could be modified. Breast cancer 
survivors who received post-surgical radiother-
apy and cyclophosphamide, methotrexate, and 
5-fluorouracil (CMF) chemotherapy had a lower 
global cognitive performance on average than a 
population-based sample of similarly aged 
cancer-free women. There was a statistically sig-
nificant association between higher levels of 
inflammatory markers and lower general cogni-
tive factor scores, even when stratifying to cancer 
survivors [6]. Another analysis attempted to 
determine the relationship between circulating 
cytokines and cognitive performance prior to 
starting cancer treatment. Post-menopausal 
patients with newly diagnosed breast cancer had 
lower memory performance and higher levels of 
IL-1ra than age-matched controls, while cyto-
kines explained 6% of the total variance in mem-
ory performance in cancer patients but not control 
patients, after adjusting for demographics and 
cognitive factors [5]. Measurement of cytokine 
levels prior to chemotherapy and then 12 weeks 
after initiating chemotherapy in 99 breast cancer 
patients demonstrated statistically significant 
associations to change in cognitive performance 
from baseline before chemotherapy over the 
same time period for IL-1β and IL-6 with an 
inverse relationship, and for IL-4 with a direct 
relationship [12]. Lastly, another study measured 
17 different cytokines in 75 early-stage breast 
cancer patients at five different time points over 2 
years and found the most variability over time in 
IL-6, IL-12, IL-17, G-CSF, MIPS-1β, and MCP-
1. At baseline, patients with faster psychomotor 

speed also had higher G-CSF and lower IL-17. At 
the conclusion of the study, IL-7 and MCP-1 
were inversely associated with psychomotor 
speed and complex attention, while MIPS-1β 
correlated to better complex attention [13].

�Neural Toxicity

A variety of neuroimaging studies demonstrate 
pervasive gray and white matter volume loss, 
reduced white matter connectivity and integrity, 
and altered brain activation for patients with 
CRCI, with changes both existing prior to treat-
ment and/or exacerbated by chemotherapy [7, 
14, 15]. One study sought to evaluate associa-
tions between brain imaging and cytokine levels 
for breast cancer patients who had completed ini-
tial treatment and found that metabolism within 
the medial prefrontal and anterior temporal cor-
tices on PET/CT brain imaging corresponded to 
pro-inflammatory cytokine levels (IL-1ra and 
sTNF-RII) and memory complaints at baseline, 
after treatment, and 1 year after chemotherapy 
[16]. Another study used MRI to measure bilat-
eral hippocampal volumes in breast cancer survi-
vors and healthy female controls and compared 
measurements to various cytokine levels. The 
results suggest that cytokine levels and left hip-
pocampal volumes for both groups were associ-
ated with verbal memory performance, and that 
changes in hippocampal volume and in verbal 
memory after chemotherapy could be mediated 
by TNF-α and IL-6 [17]. A prospective study of 
breast cancer patients and healthy controls dem-
onstrated increased bifrontal and decreased left 
parietal activation than controls prior to treat-
ment; this resulted in decreased frontal hyper-
activation after completing chemotherapy and 
increased hyperactivation 1 year after complet-
ing chemotherapy [15].

�Hormonal Alterations

Both animal and human studies allude to a role 
that estrogen might play in cognitive function. 
Estrogen receptors are located throughout the 

9  Cancer-Related Cognitive Impairment



142

brain in the hypothalamus, pituitary gland, limbic 
system, and cerebral cortex. Estrogen has been 
found to have a variety of positive effects in 
oophorectomized rats: improved synapse forma-
tion, promoted cholinergic activity, and reduced 
β-amyloid deposition [18, 19]. A variety of obser-
vational studies demonstrate the possible nega-
tive effects of estrogen absence after 
oophorectomy, including increased risk of cogni-
tive impairment, dementia, and parkinsonism, 
and those effects were directly correlated with 
worse outcomes for oophorectomy at an earlier 
age, regardless of indication [19–23]. However, a 
meta-analysis of 36 randomized trials confirmed 
a negative impact of oophorectomy but con-
cluded that estrogen replacement therapy may 
have a stronger and more lasting negative effect 
on cognition over time [24].

Several studies have looked at the role of hor-
mone therapy on cognition. A randomized trial of 
over 2000 post-menopausal women determined 
there were small decreases in global cognitive 
functioning when receiving conjugated equine 
estrogen therapies that persisted even after stop-
ping therapy [25, 26]. Similarly, estrogen recep-
tor modulators tamoxifen and raloxifene both 
seem to lead to small negative effects in cognitive 
function in postmenopausal women [27, 28]. 
Various other studies demonstrate a possible rela-
tionship between antiestrogen medications and 
cognitive deficits [18, 29, 30]. However, a longi-
tudinal study of 101 breast cancer patients deter-
mined that there were no significant adverse 
effects of aromatase inhibitors or tamoxifen with 
regard to cognitive function [31]. Thus, the true 
impact of oophorectomy and anti-estrogen hor-
monal therapy on CRCI is, as yet, unclear.

�Epidemiology

Prevalence rates of CRCI in breast cancer patients 
and survivors vary greatly depending on the 
study. One systematic review concluded a preva-
lence of 17–75% of breast cancer survivors hav-
ing deficits in various cognitive domains, 
occurring from 6 months to 20 years after being 
exposed to chemotherapy [32]. A different paper 

cited an incidence of 19–78% of CRCI [2]. The 
wide range of reported CRCI rates may relate to 
inconsistent definitions of cognitive impairment 
across the studies [33]. Therefore, the lack of a 
clear definition of CRCI causes inherently wide 
variations of prevalence rates, making it difficult 
to counsel patients on the risk of this sometimes 
debilitating condition.

As mentioned previously, cognitive deficits 
may pre-exist before ever being treated with che-
motherapy, with 20–30% of breast cancer patients 
having lower cognitive performance than age- 
and education-matched controls at baseline [32]. 
Assessing cognitive function at baseline is prob-
lematic, however, as performance may be affected 
by emotional distress due to the recent cancer 
diagnoses, introducing bias [34]. A study of 101 
breast cancer patients administered 12 standard-
ized cognitive tests prior to starting chemotherapy 
and after completion; at baseline prior to che-
motherapy, patients were below test norms for 
5 of the 12 tests, but patients showed significant 
improvement overall at the second assessment 
that occurred roughly 5 months later (p < 0.001). 
Performance was independent of anxiety, depres-
sion, or self-reported cognitive problems [33].

Some studies question whether “chemobrain” 
is a true phenomenon. A meta-analysis of 30 
studies outlined a negative relationship between 
cognitive domains and chemotherapy for 20 of 
21 average weighted effect sizes, and a non-
significant association between chemotherapy 
and cognitive scores when comparing cognitive 
performance to a patient’s own baseline score 
[35]. Two follow-up meta-analyses suggested 
diminishing relationships between chemotherapy 
and cognitive impairment, especially when tak-
ing into consideration whether study design was 
prospective and longitudinal [36, 37]. By follow-
ing the same patients over time instead of com-
paring them to controls or test score norms, the 
relationship between chemotherapy and cogni-
tive impairment becomes less and less clear [33]. 
It is unclear if this is because the relationship 
does not exist or if the effects attenuate over time.

A longitudinal study of 18 breast cancer patients 
was designed to evaluate the aforementioned 
meta-analysis’ claim and found that 6 patients had 
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cognitive impairment at baseline, 11 patients had 
relative impairment compared to baseline in at 
least one domain shortly after chemotherapy, and 
of those 11, 5 remained stable long-term, 5 showed 
improvement, and 1 showed mixed results [4]. A 
larger longitudinal study later compared 50 breast 
cancer patients on adjuvant chemotherapy to 43 
healthy controls and demonstrated that patients 
receiving chemotherapy were more likely to show 
cognitive decline over time than controls (34% vs 
19%, OR 2.25) [38]. A third longitudinal study of 
71 breast cancer patients demonstrated declines in 
visuospatial skill, attention, delayed memory, and 
motor function from pre-chemotherapy baseline 
to 1 week after completing chemotherapy that 
then improved by 6 months post-chemotherapy, 
but it did not find any changes in immediate mem-
ory, language, and executive function scores [39]. 
A fourth longitudinal study of 42 breast cancer 
patients demonstrated that 21% had cognitive dys-
function at baseline and that a majority of patients 
had cognitive decline during and shortly after che-
motherapy that continued declining 1 year after 
completing chemotherapy, while a subset demon-
strated new delayed cognitive decline [40].

Summarizing data from these reports and oth-
ers, it seems that up to 30% of breast cancer 
patients have a cognitive deficit prior to chemo-
therapy, as high as 75% experience CRCI during 
treatment, and up to 35% continue to experience 
CRCI for many years after completing treatment 
[7, 41, 42]. A subgroup of patients, roughly 
17–34%, suffer from persistent long-term cogni-
tive changes after completing chemotherapy [9]. 
A case-cohort study compared 196 breast cancer 
patients with prior CMF therapy to 1509 healthy 
women aged 50–80 years old, and demonstrated 
worse immediate and delayed verbal memory, 
processing speed, executive functioning, and 
psychomotor speed more than 20 years after 
completing chemotherapy [43].

�Chemotherapy Type

For cognitive deficits occurring during treatment, 
there does seem to be a dose-response relation-
ship with chemotherapy [14]. This could be 

related to direct neurotoxicity from higher doses 
of chemotherapy or multi-agent chemotherapy 
[2]. A workshop in 2003 comprised of oncolo-
gists, psychologists, radiologists, basic scientists, 
and patient advocates published a report that dis-
cussed how patients who received CMF had 
greater cognitive dysfunction than those who 
received anthracycline-based chemotherapy [34]. 
A different study compared rates of CRCI among 
patients receiving cyclophosphamide, thiotepa, 
and carboplatin (CTC), FEC, and healthy con-
trols. While there were no differences at baseline, 
the CTC group had worse cognitive performance 
6 months after completing chemotherapy than 
the control group, but a significant difference was 
not observed between FEC and controls or 
between no chemotherapy and controls [44].

�Symptom Burden and Comorbid 
Conditions

Patients experiencing chemobrain may report 
multiple symptoms regarding their thinking abil-
ity, fatigue, and mood. Fatigue may play a role in 
cognitive performance, as one study of 75 women 
with early-stage breast cancer demonstrated that 
fatigue severity worsened during chemotherapy 
and resolved close to baseline by 2 years after 
chemotherapy, and fatigue severity and impact 
correlated with slower processing speed and 
reduced complex attention performance [45]. 
Several studies comment on the relationship 
between psychological distress, such as depres-
sion or anxiety, and measured cognitive deficits. 
In one study, the subset of breast cancer patients 
who reported symptoms of depression or anxiety 
that met the definition of “clinically significant 
distress-impaired” (CSD-I) were significantly 
more likely to be cognitively impaired [46]. In 
contrast, a study comparing breast cancer patients 
and healthy controls showed no differences 
between those with cognitive deficits and normal 
cognitive performance with regard to depression, 
anxiety, or fatigue [47]. Finally, a recent longitu-
dinal study comparing 581 breast cancer patients 
to 364 age-matched non-cancer controls found 
significant increases in self-reported cognitive 

9  Cancer-Related Cognitive Impairment



144

difficulties for patients immediately post-
chemotherapy and at 6 months follow-up com-
pared to controls, and baseline anxiety and 
depression as well as decreased cognitive reserve 
were associated with lower scores [41].

When looking longitudinally, some of the 
symptom burden might improve more for cancer 
patients over subsequent years than for controls. 
Fatigue, menopausal symptoms, and cognitive 
dysfunction all showed greater improvement at 1 
and 2 years post-chemotherapy than the relative 
changes for healthy controls in a study of 100 
pairs of patients with patient-nominated age-
matched controls [48]. Patients treated with CMF 
therapy had fewer symptoms of depression 20 
years after chemotherapy than controls even if 
their memory complaints were more severe and 
not entirely explained by their cognitive test per-
formance [43].

�Work-Up and Cognitive 
Assessments

Various tools exist to identify cognitive impair-
ment, yet a concise validated screening assess-
ment is lacking. Methods include objective 
functioning tests, neuropsychological testing, 
magnetic resonance imaging (MRI), and ques-
tionnaires and interviews. The lack of validated 
and universally accepted assessments makes clin-
ical diagnosis challenging and complicates inter-
pretation of research in this field. The following 
is a discussion of available tools and recommen-
dations for clinical work-up (Fig. 9.1).

�Screening for Comorbid Conditions 
and Medication Review

Comorbid medical and psychiatric conditions 
can exacerbate cognitive dysfunction, and there-
fore diagnosing such conditions should be part 
of the initial work-up for CRCI. The physician 
or care team should screen for depression, anxi-
ety, substance use/abuse, and sleep disorders. 
Fatigue and pain syndromes should be identified. 
Limited laboratory tests are useful to evaluate 

for vitamin deficiencies, thyroid imbalance, 
hepatic or renal insufficiency, and/or anemia and 
may be checked at the provider’s discretion. The 
Mini-Mental State Examination is not sensitive 
enough to detect subtle declines in cognitive per-
formance but can be deployed to screen for 
underlying dementia [49]. A full review of the 
patient’s medications, herbal supplements, and 
over-the-counter medicines should be conducted 
in order to eliminate and/or adjust medications 
which can impair cognition as much as is 
possible.

�Neuroimaging

Neuroimaging can reveal structural brain changes 
among patients during or after chemotherapy 
treatment, supporting a neural basis for cognitive 
changes when compared with baseline imaging 
or healthy controls. One prospective study per-
formed sequential structural MRIs to assess 
voxel-based morphometry (VBM) in 55 breast 
cancer patients treated with and without chemo-
therapy and compared them to matched healthy 
controls. VBM is a neuroimaging technique that 
investigated associations between gray and white 
matter [50]. Decreased white matter density was 
found among chemotherapy patients, which cor-
related to self-reported difficulties in executive 
functioning [51]. In a similar MRI study among 
breast cancer survivors, decreased gray matter 
was shown in the frontal lobes, temporal lobes, 
and cerebellar regions 1 month after chemother-
apy with partial recovery after 1 year [52]. A 
more recent assessment measured VBM in 28 
breast cancer patients and 29 matched controls, 
and found decreased gray matter density in vari-
ous areas of the frontal cortex and cerebellum 
after chemo. Furthermore, the number of chemo-
therapy cycles was negatively associated with 
verbal fluency, digit span performance, and gen-
eral cognitive capacity [53]. Despite the objective 
evidence of brain changes, it is neither feasible 
nor cost-effective to perform complex neuroim-
aging in clinical practice to diagnose CRCI, and 
therefore these modalities remain methods of 
research.

A. Wesevich et al.



145

�Neuropsychological Testing

Neuropsychological testing is comprised of 
robust, comprehensive, and complex assessments 
typically performed by a neuropsychologist, neu-
rologist, or geriatric psychiatrist, usually taking 

at least 4 hours to complete. Neuropsychological 
testing consists of a thorough battery of tests to 
assess eight functional domains [1] and can be 
helpful to clarify specific areas of cognitive dys-
function [49]. As mentioned previously, the num-
ber, classification, and description of the various 

Suspicion of CRCI

Screen for comorbid conditions
Sleep disorder
Depression/anxiety
Fatigue
Pain
Substance abuse
Consider laboratory testing: Vitamin B12 levels, 
Thyroid function tests, CBC, Chem7, LFTs
Consider mini-mental exam to evaluate for 
concurrent dementia

Treat/manage condition

Discontinue/adjust those that 
impair cognition

Full medication review including prescription and over-
the counter medications, herbs and supplements

Comorbidity 
identified?

No CRCI still 
present

CRCI still
present 

Perform cognitive assessment
Referral for Neuropsychological testing

Montreal Cognitive Assessment (MoCA)
Trail Making Test (TMT) 

Clarifying questions in absence of NP availability
Do you have difficulty paying attention? 
Multitasking?
Do you frequently leave tasks incomplete?
Do you have difficulty finding words?
Do you have difficulty remembering things?
Do you need to use more prompts like notes 
or reminders than you used to?
Does it take you longer to think through 
problems; does your thinking seem slower?
Do you have difficulty turning left across 
traffic?
Do you notice an impact on functional 
performance? Job Performance? 

Cognitive 
deficit 

identified?

No

Cognitive Behavioral Therapy
(optimally via referral to Occupational 
Therapist {OT})

Memory Attention Adaptation 
Training (MAAT) 
Metacognitive Strategy Training 
(MCST)
Cognitive Orientation to Daily 
Occupational Performance (CO-
OP)
Responding to Cognitive 
Concerns (ReCOG)

Resources in absence of OT
Community programs
www.Thinkwell.tips

CRCI still 
present

Pharmacotherapy
(use with caution)

Methylphenidate
Modafinil
Donepezil

Yes

Yes

Fig. 9.1  Assessment and management of CRCI
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domains and subdomains are generally agreed 
upon, though there are inconsistencies in the clin-
ical and research literature, with some sources 
indicating fewer or more domains and varying 
definitions, further complicating research and 
interpretation of outcomes in this field [1]. 
Functional assessments are not standardized and 
can vary by practitioner, but usually include eval-
uation of motivation, IQ, attention, information 
processing, language functioning, visual spatial 
function, executive functioning, memory, and 
behavioral and emotional functioning [54]. One 
study used neuropsychological testing to mea-
sure cognitive function in 50 breast cancer 
patients before and after chemotherapy treat-
ments and 43 healthy controls. The neuropsycho-
logical testing used in the study measured visual 
memory, verbal memory, executive functioning, 
working memory, and processing speed along 
with two questionnaires related to psychological 
morbidity and everyday cognitive problems [38]. 
The study found that chemotherapy patients were 
more likely to show cognitive decline than the 
controls. These findings were confirmed in 
another study of 60 newly diagnosed breast can-
cer patients and 45 healthy controls where neuro-
psychological testing of verbal memory, visual 
memory, processing speed, simple vigilance, dis-
tractibility, executive functioning, and verbal 
ability was measured several times over a year. 
The findings reliably detected moderate to large 
cognitive changes, with limited ability to detect 
more subtle cognitive changes. Even with differ-
ences among testing methods used by investiga-
tors, these studies support supports 
neuropsychological testing as the gold standard 
for assessing CRCI [54].

Occupational therapists often perform the 
Montreal Cognitive Assessment (MoCA), Trail 
Making Test (TMT), and other functional assess-
ments as part of their evaluation for patients 
referred for therapy. Therefore a referral accom-
plishes both screening and treatment (discussed 
below), ensuring a thorough assessment, insight 
into scope of impairments, impact of occupa-
tions, and establishment of client-centered goals 
for optimized improvements. Working in con-
junction with rehabilitation services can give bet-

ter insight than relying on screening measures 
such as the MOCA or TMT alone [55].

�Treatment

Treatments to address CRCI include acknowl-
edgment of the problem, addressing comorbid 
issues, behavioral and/or occupational therapy, 
and pharmacologic treatments (Fig.  9.1). The 
most important first step in treatment is to 
acknowledge that CRCI is a real syndrome. For 
many survivors, validation of impairments can 
be therapeutic and helpful on its own [49]. 
Optimal treatment of CRCI requires a team 
approach. “A proactive inter-disciplinary team 
approach comprising the oncology medical staff 
and allied health professionals is essential to 
ensure a holistic partnership to provide better 
care, and to address the participation needs of 
cancer patients” [56].

�Comorbid Conditions and Medication 
Review

If one of the aforementioned comorbidities is 
identified such as sleep disorder, depression, thy-
roid imbalance, vitamin deficiency, anemia, anxi-
ety, pain, and/or fatigue, aggressive management 
should be initiated. Substance use and/or abuse 
should be identified and addressed. A thorough 
medication review, including over-the-counter 
medications, vitamins, and supplements, should 
be conducted to minimize use of medications 
which impair cognition. If there is concern for 
concurrent dementia, a referral to a neurologist 
may be warranted for management.

�Cognitive Behavioral Therapy

Cognitive Behavioral Therapy (CBT) is perhaps 
the best way to address CRCI which persists after 
comorbid condition management and medication 
reconciliation, though large randomized trials 
confirming efficacy are limited. One small pro-
spective randomized study compared 32 breast 
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cancer survivors to a wait list control group of 16 
patients. Patients were eligible if they had stage 
I–III breast cancer, completed treatment 
18 months to 5 years earlier, and had documented 
cognitive complaints and poor scores on neuro-
psychological testing. CBT was delivered over 
5 weeks for 2 hours per week via group interven-
tions targeting attention over the first 2  weeks, 
executive functioning in week 3, memory in 
week 4, and functions and review in week 5. 
Education included instruction, in-class and 
homework exercises, and goal-setting. The 
patients receiving CBT showed immediate and 
sustained improvements at 2 months post treat-
ment in self-reported cognitive complaints, mem-
ory functioning, and neurocognitive testing [57].

Another form of CBT, Memory and Attention 
Adaptation Training (MAAT), has been suc-
cessfully used to treat cognitive impairment in 
breast cancer survivors. MAAT consists of four 
cognitive-behavioral components: (1) educa-
tion on memory and attention; (2) self-aware-
ness training; (3) self-regulation emphasizing 
arousal reduction through relaxation training, 
activity scheduling, and pacing; and (4) cog-
nitive compensatory strategies training [58]. 
MAAT was implemented in 29 patients with 
stage I or II breast cancer and CRCI an aver-
age of 8 years post chemotherapy. For the inter-
vention, each participant received a workbook, 
four individual monthly visits, and seven phone 
contacts between visits for support. The vis-
its were 30–50 minutes and included reviewing 
the participants’ current knowledge of chemo-
associated memory problems, strategies to iden-
tify “at risk” situations where memory failures 
occur, and learned and rehearsed compensatory 
strategies specific to their difficulties. Telephone 
contact provided support and assistance for 
applying strategies. Assessment of self-reported 
cognitive function, quality of life, and standard 
neuropsychological testing was performed post 
treatment, 2  months and 6  months after treat-
ment. Significant improvements were noted in 
self-reporting of daily cognitive function, qual-
ity of life measures, and neuropsychological test 
performance [58]. Another study of MAAT was 
conducted consisting of 40 stage I and II female 

breast cancer survivors with CRCI. Participants 
were assessed at baseline, and post-interven-
tion at 2-month follow-up on measures of self-
reported daily cognitive failures, quality of life, 
and neuropsychological performance as well as 
satisfaction with MAAT.  Treatments consisted 
of four biweekly individual office visits with 
phone contacts between visits. The visits were 
30–50 minutes in duration and included review of 
present findings and knowledge about cognitive 
effects of chemotherapy, strategies to improve 
awareness of times when cognitive failures might 
occur, education, and rehearsal for compensatory 
strategies to prevent or lessen negative conse-
quences of cognitive failure. MAAT participants 
made significant improvements on the spiritual 
well-being subscale of the quality of life measure 
and on verbal memory; statistical significance 
was not achieved on self-reporting of daily cog-
nitive complaints. Participants rated MAAT with 
high satisfaction [59].

�Occupational Therapy

Occupational therapy (OT) is a highly skilled 
patient-centered practice focused on improv-
ing health, well-being, and functional abilities 
[60]. OT has the potential to limit and/or reverse 
cancer-related disability through client-centered 
therapy interventions. Treatments for CRCI 
address cognitive deficits related to function and 
might include remedial as well as compensa-
tory strategies to improve a patient’s ability to 
engage in activities that are meaningful to them. 
Occupational therapists work with patients to 
find strategies that work best for their life and 
might include setting alarms, using written 
reminders for appointment or medications, strat-
egies for improving safety with cooking, and 
money and home management. Additionally, 
occupational therapists address patients’ con-
tinuing engagement in the community including 
safety with shopping, driving, wayfinding, and 
use of public transportation [61]. Occupational 
therapists are trained and able to use CBT 
with good results. Improvements in cogni-
tive outcomes result from metacognitive strat-
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egy training (MCST), another form of CBT 
that facilitates improvements in cognitive dys-
function. The MCST treatment approach, led 
by an occupational therapist using Cognitive 
Orientation to Daily Occupational Performance 
(CO-OP), incorporates seven key features: (1) 
cognitive strategy use, (2) patient-chosen goals, 
(3) dynamic performance analysis, (4) guided 
discovery, (5) enabling principles, (6) parent/sig-
nificant other involvement, and (7) intervention. 
The process for creating goals, working through, 
and attaining goals is a dynamic process between 
the client and the therapist. This approach was 
tested in 17 female breast cancer survivors with 
CRCI.  Fourteen of the 17 women completed 
the CO-OP treatment, which was implemented 
over 12 sessions with reassessment at 4  weeks 
after completion. The program resulted in a 
medium to very large effect on primary cogni-
tive outcomes with the exception of sleep func-
tion [62]. In another study of 27 breast cancer 
survivors with CRCI at least 6–60  months out 
from completing primary treatment, Cognitive 
Rehab (CR) led by occupational therapists was 
evaluated. Responding to Cognitive Concerns 
(ReCog) is a method used by trained OTs and/or 
CBT psychologists which involves skills train-
ing, compensatory strategies, group discussion, 
and, between sessions, homework to reinforce 
practice and understanding of the group-taught 
techniques over 4 weeks in groups of 3–9 par-
ticipants. Session topics included aging, health, 
cancer and cognitive function, memory, atten-
tion fatigue, emotions, and cognition. Four ses-
sions were completed weekly for 2  hours and 
co-facilitated by two occupational therapists or 
an occupational therapist and an occupational 
therapy student. Participants reported improved 
perception of cognitive impairments, improved 
impact on their quality of life, improved working 
memory, decreased impulsivity, and decreased 
psychological distress. Objective improvements 
were seen in information processing and execu-
tive functioning [63].

�Community Programs

Unfortunately, not all breast cancer survivors 
with CRCI will have access to OT or CBT but 
might benefit from community programs (avail-
able locally or accessed via the Internet). 
Community programs can reach a broader base 
including breast cancer survivors and family 
members and improve overall brain health liter-
acy. An example of this includes The Think Well 
program which provides face-to-face educational 
seminars and extension via their website (www.
ThinkWell.tips) [64]. The goals of the program 
are to impact broad areas known to influence 
brain health and cognition including physical 
exercise/activity, intellectual exercise/activity, 
sleep hygiene, substance use, mood support, 
social engagement, and nutrition. Materials are 
supplied to leverage other free or low-cost local 
resources. This program was able to reach 666 
attendees comprised of cancer survivors and fam-
ily or friends of breast cancer survivors over a 
span of 4 years. Attendees reported high satisfac-
tion with the program reporting that their goals 
were met for attending, the material was relevant 
for cognitive needs, relevant to their cultural 
beliefs, and useful for coping and to communi-
cate cognitive concerns [64].

In summary, CBT is the most promising 
therapy for CRCI, and when paired with indi-
vidualized or group care led by an occupational 
therapist, patients have reported high satisfaction. 
Additionally, occupational therapists can address 
any other impairments such as pain, fatigue, and 
peripheral neuropathy that may impact daily 
skills such as bathing, dressing, cooking, writing, 
and medication management [61]. OT focuses on 
effective strategies to decrease limitations and 
optimize function and quality of life [49]. Though 
data supports use of CBT and OT, improvements 
are admittedly modest, with improvements in 
perceptions of function by the survivor with com-
pensatory strategies rather than full restoration of 
premorbid cognitive functioning.
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�Pharmacological Treatments

Pharmacological treatments may be an option 
after non-pharmacologic interventions have not 
been successful. Drugs such as methylphenidate, 
modafinil, and donepezil have shown a very lim-
ited positive impact on cognitive functioning, 
only in a minority of cognitive domains tested, 
with results of studies detailed below. Data is 
sparse, and cumulative side effects of these medi-
cations must be weighed against any perceived 
benefit.

�CNS Stimulants

The central nervous system (CNS) stimulant 
methylphenidate commonly used for attention 
deficit hyperactivity disorder (ADHD) and nar-
colepsy has demonstrated limited benefit with 
regard to CRCI among child cancer survivors 
[65]. One placebo-controlled randomized trial of 
122 children in remission from acute lymphocytic 
leukemia (ALL) assessed attention, memory, 
and academic achievement via neuropsychiatric 
testing before and after study drug administra-
tion [65]. Significant improvement was seen in 
selective attention, impulsivity, and cognitive 
flexibility, but no improvement in global atten-
tion, concentration, or memory. Studies evalu-
ating methylphenidate among breast cancer 
survivors have been even more disappointing 
[66]. In a randomized placebo controlled trial 
of 57 breast cancer patients undergoing neuro-
psychiatric testing at baseline and 6 months after 
treatment completion, there was no difference 
in quality of life or neuropsychology testing 
results at any time point among patients taking 
methylphenidate [66]. Another CNS stimulant, 
modafinil, is used in narcolepsy and works by 
binding to the dopamine transporter, inhibiting 
dopamine reuptake. It’s utility for CRCI was 
tested in a randomized placebo controlled trial 
of 4 weeks treatment in 82 breast cancer survi-

vors [67]. This study was designed primarily to 
assess the impact of modafinil on fatigue, though 
a secondary analysis evaluated cognitive func-
tion. After a brief 4-week exposure to modafinil, 
patients experienced significant improvement in 
the speed of memory, quality of memory, and 
continuity of attention but no improvements 
in the quality of working memory or power of 
attention [67]. Modafinil may be helpful for 
fatigue, and may enhance some attention skills, 
but has limited ability to impact global cognitive 
functioning.

�Cholinesterase Inhibitors

Donepezil is a cholinesterase inhibitor which 
has been used for years to improve memory 
and cognitive functioning in patients with 
Alzheimer’s disease and other forms of demen-
tia. Unfortunately, use in CRCI shows little 
benefit to date [68]. A prospective randomized 
placebo controlled trial of 62 breast cancer sur-
vivors, 1–5  years after treatment completion, 
was conducted. Patients were given donepezil 
or placebo for 24 weeks with dose escalation, 
and neuropsychological testing via the Hopkins 
Verbal Learning Test and self-reported quality 
of life was assessed at baseline and after treat-
ment. The parameters of attention, memory, 
language, visuomotor skills, processing speed, 
executive function, and motor dexterity were 
analyzed. The results were disappointing, and 
showed an improvement in only two of seven 
categories  – recall and word discrimination  – 
and no difference in any other functioning mea-
sures, quality of life, or subjective cognitive 
function [68].

In summary, the aforementioned pharmaco-
logic therapies have been tested with disappoint-
ing or limited results and often no measurable 
benefit in cognitive function and/or quality of 
life, and therefore cannot be universally 
recommended.
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�Summary and Recommendations

It is clear that CRCI, or chemobrain, is a real 
medical issue affecting breast cancer survivors. 
Defining, studying, and testing this problem is 
challenging. Trials are small and sometimes poor 
quality, chemotherapy regimens may be out-
dated, and the amount of chemotherapy expo-
sure, timing of assessment, and duration of 
follow-up vary among trials, limiting applicabil-
ity of findings and comparison of data. Validated 
neuropsychological testing tools are lacking, use 
is inconsistent among trials, and many of these 
are not feasible in clinical practice. Indeed, per-
formance on neuropsychological testing may not 
even reflect the degree of the patient’s perceived 
deficit. Thes available dsata suggest that preva-
lence of long-term CRCI is 35%. Risk factors are 
unclear, though age and cognitive deficit at base-
line seem important. The magnitude of deficit 
will vary widely among patients, with longer 
chemotherapy duration correlating with more 
profound deficits, and impairment may or may 
not improve over time. Brain imaging supports 
organic injury and the mechanism of damage is 
clearly complex. Screening is recommended, but 
informal, and useful tools include referral for 
extensive neuropsychological testing or in-office 
use of the MOCA and/or TMT tests. Care teams 
should identify and address comorbid conditions 
such as depression, anxiety, substance use/abuse, 
pain, and sleep disturbance. Referral to a cogni-
tive or occupational therapist is likely the best 
and most comprehensive way to identify and 
impact CRCI, though availability of and reim-
bursement for these services restricts widespread 
implementation. Small trials of brief exposure to 
CNS stimulants or anti-dementia medications 
offer slight subjective and/or objective benefit, 
and can be helpful for some patients. There is 
vast opportunity for further research in this bur-
densome condition.
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Cancer-Related Fatigue

Po-Ju Lin, Elizabeth K. Belcher, Nikesha J. Gilmore, 
Sara J. Hardy, Huiwen Xu, and Karen M. Mustian

�Cancer-Related Fatigue in Survivors 
of Breast Cancer: Definition, 
Prevalence, and Impact

Cancer-related fatigue (CRF) is a distressing, 
persistent, and subjective sense of physical, emo-
tional, and/or cognitive tiredness or exhaustion 
related to cancer or cancer treatment that is not 
proportional to recent activity and interferes with 
usual functioning [1, 2]. CRF is more persistent 
and severe than common physical or mental 
tiredness and is less likely to be relieved by ade-
quate sleep or rest. CRF is multidimensional; 
patients with CRF may experience generalized 
weakness, diminished concentration and atten-
tion, decreased motivation, or no interest in 
engaging in usual activities, and emotional insta-
bility. The relationship between CRF and depres-
sion is complex. Some of the symptoms of CRF 
overlap with those of depression. Furthermore, 
higher levels of depression are associated with 
higher levels of CRF, and depression has been 
shown to be one of the strongest predictors of 

CRF [3–5]. While there is an overlap in charac-
teristics of CRF and depression, data suggests 
that they have different correlates and different 
courses over time [6–8].

CRF can occur as a consequence of breast 
cancer itself [9] and/or its treatments (e.g., che-
motherapy, radiation therapy, hormonal and bio-
logical therapies) [9–13]. CRF is among the most 
commonly reported and troublesome symptoms 
in patients with breast cancer receiving active 
treatments and survivors after the completion of 
treatments [14, 15]. Up to 90% of patients with 
breast cancer experience CRF during chemother-
apy and/or radiation therapy. CRF can persist 
after the completion of treatments and up to 
10 years post-diagnosis. Approximately 33% of 
survivors of breast cancer still report CRF post-
treatment [3, 16–23].

CRF has a host of deleterious effects on long-
term health outcomes and can have multiple 
manifestations including physical, mental, and 
emotional problems. These effects ultimately 
result in limiting survivors’ ability to perform 
essential daily activities and engage socially, dis-
rupting their quality of life, and reducing survival 
[3, 13, 24–29]. Survivors of breast cancer report 
more severe fatigue compared to age-matched 
healthy controls. This greater level of fatigue is 
associated with increased depression, pain, and 
sleep disturbance [3]. Depression and pain are 
among the strongest predictors of CRF while 
sleep disturbance serves as a possible mediator 
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[3, 30]. Furthermore, it has been shown that CRF 
intensifies menopausal symptoms [3].

�Possible Mechanisms Associated 
with Cancer-Related Fatigue

Understanding the biological mechanisms of 
CRF can help identify treatment options. Several 
biological mechanisms may contribute to CRF in 
patients and survivors of breast cancer, including 
inflammation, hypothalamic-pituitary-adrenal 
(HPA) axis dysregulation, and serotonin dysregu-
lation. Additionally, the relative contributions of 
disease, treatment, and comorbid conditions to 
CRF in patients with cancer are unclear.

One of the most studied mechanisms of CRF 
is inflammation [25, 31, 32]. Both cancer and its 
treatments can lead to the release of pro-
inflammatory cytokines from tumors and somatic 
cells [33–37]. Elevated levels of circulating pro-
inflammatory markers, including tumor necrosis 
factor-alpha (TNF-α), interleukin-6 (IL-6), 
interleukin-1β (IL-1β), C-reactive protein (CRP), 
and monocyte chemoattractant protein-1 (MCP-
1), are associated with CRF in patients with 
breast cancer [31, 32, 38–40]. Pro-inflammatory 
marker levels may remain elevated years after the 
completion of treatment for breast cancer and 
contribute to long-lasting CRF [40, 41]. Genomic 
studies suggest that polymorphisms in the pro-
moter regions of pro-inflammatory cytokines 
may predispose some patients to greater inflam-
mation and CRF in response to cancer and its 
treatment [42, 43].

The central nervous system has multiple 
points of contact with the rest of the body to 
detect systemic inflammation. Cytokines in the 
blood can be transported directly into the brain. 
Additionally, circulating pro-inflammatory cyto-
kines stimulate vagal afferent nerve fibers, the 
circumventricular organs of the brain that lie out-
side the blood-brain barrier, and receptors on 
perivascular macrophages and endothelial cells. 
Together, these mechanisms of detecting sys-
temic inflammation lead to a variety of local cen-
tral nervous system responses, including 
responses that result in CRF.

Another proposed mechanism of CRF is dys-
regulation of the HPA axis, which regulates the 
basal and stress-induced release of cortisol. 
Reduced cortisol and adrenocorticotropic hor-
mone (ACTH) release in response to stress, flat-
ter diurnal cortisol slopes, and elevated evening 
cortisol levels have been shown to be associated 
with CRF in patients with cancer [44–47]. 
However, whether altered cortisol regulation is a 
result or a cause of CRF is yet to be determined 
[48, 49]. Genetic and social-behavioral factors 
such as early life stress and coping mechanisms 
affect the activity of the HPA axis and may play a 
role in increasing the severity of CRF [48].

Serotonin dysregulation is theorized to play a 
role in the pathogenesis of CRF based on 1) the 
co-occurrence of CRF and depression in patients 
with cancer, 2) the relationship of serotonin to 
sleep disturbances, and 3) the mutual feedback 
between the serotonin system, inflammation, and 
the HPA axis [12]. Although serotonin cannot be 
measured non-invasively in the human central 
nervous system, it is hypothesized that CRF may 
be related to increased or decreased levels of 
serotonin [49, 50]. However, clinical trials have 
failed to show that the use of antidepressants, 
including selective serotonin reuptake inhibitors, 
reduce CRF in patients with breast cancer, sug-
gesting that serotonin dysregulation may not be 
a major contributing factor to CRF [51, 52].

Importantly, proposed mechanisms caus-
ing CRF have multiple points of overlap and 
feedback. For example, elevated levels of pro-
inflammatory cytokines can alter cortisol release, 
serotonin regulation, and vagal nerve activation, 
which in turn can alter inflammatory cytokine 
regulation. Similarly, serotonin neurotransmis-
sion, HPA axis activity, and vagal nerve stimu-
lation can influence each other [12]. These 
proposed mechanisms of CRF are not fully 
understood, and further investigation of the role 
of endocrine mechanisms in the etiology of CRF 
is needed [49, 53].

Other factors that may contribute to CRF, 
including anemia, endocrine dysregulation, phys-
ical impairment or other cancer-related symp-
toms, sleep disturbances, stress, and energy/
nutritional deficits and imbalance [25, 54, 55], 
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will be discussed in the later section “Ruling Out 
Treatable Causes of Fatigue”.

�Screening and Treatments 
of Cancer-Related Fatigue

Screening for and treating CRF are priorities of 
major professional societies and have prompted 
the development of consensus statements on the 
topic. In Fig. 10.1, we provide a simplified and 
practical algorithm based on the ASCO [1, 56], 
National Comprehensive Cancer Network 
(NCCN) [57, 58], and Pan-Canadian Clinical 
Practice Guidelines [59]. We also incorporate 
information from the Oncology Nursing Society 
[60] and the best available clinical evidence. This 
algorithm covers the recommendations on 
screening, comprehensive and focused assess-
ment, and treatment options for mild, moderate, 
and severe fatigue.

�Screening

Health providers should routinely screen for CRF 
at the time of initial diagnosis and on subsequent 
visits, including after the completion of primary 
treatment. CRF is a subjective sense of tiredness 
or exhaustion; therefore, patient-reported out-
come tools are the most common reliable and 
validated methods to screen for and assess 
CRF. CRF can be assessed as one component of 
a medical outcome survey, quality of life scale, or 
profile of mood states or by instruments designed 
specifically to measure multiple dimensions of 
fatigue. Two systematic reviews identified 40 
instruments (3 unidimensional, 37 multidimen-
sional) to assess CRF in patients and survivors 
with cancer [61, 62]. These instruments vary by 
the number of items, rating scales, fatigue dimen-
sions/domains, types of cancer population stud-
ied, and psychometric properties. They also have 
different levels of validity and reliability, evalu-

Screening of Cancer-Related Fatigue (CRF) in Adults with Breast Cancer (NCCN 2020)
“How would you rate your fatigue on a scale of 0-10 over the past 7 days?”

None to Mild Fatigue (0-3)

Education

Non-Pharmacologic Treatments for Moderate to Severe Fatigue
Physical Activity (NCCN 2020, ASCO 2014, 2016, Pan-Canadian Practive Guideline 2015)

Mind-Body Interventions (NCCN 2020, ASCO 2013, Pan-Canadian Practice Guideline 2015)

Psychosocial Interventions (NCCN 2020, ASCO 2014, 2016, Pan-Canadian Practice Guideline 2015)

Nutrition and Supplments

AND/OR
Pharmacologic Treatments for Moderate to Severe Fatigue

Avoid inactivity; return to normal daily activities as quickly as possible after cancer treatment.
Aerobic exercises: >=30 min/day, 3-5 days/week, moderate-intensity (e.g., fast walking,
cycling, and swimming )
Resistance Exercise: 2-3 days/week, strength training involving major muscle groups (e.g., weight lifting)
Be aware of fracture risk and arm/shoulder symptom (e.g., lymphedema) and modify the
intensity of exercise accordingly. Referring patients to exercise professionals for individualized
exercise prescription.

Yoga: 4-12 weeks; 60-120-min/session, 1-3x/week, low- to moderate-intensity (Lin et al. 2019)
Mindfulness-Based Stress Reduction: 8 weeks; 120-min/week, group sessions
Massage Therapy: 3 months; 30-min/session, 3x/week

Cognitive Behavioral Therapy/Behavioral Therapy: 8 weeks; 90-min/session, 1x/week
Psychoeduction/Psychoeducational Interventions: 4 weeks; 75-min/session, 2x/week
Supportive Expressive Therapies: 8 weeks; 150-min/session, 1x/week, group sessions
Energy Conservation: 15-30-min/session, 3 sessions (Barsevick et al., 2002, 2004)

Ginseng: 8-12 weeks, 1,000-3,000 mg/day (Barton et al., 2010, 2013; Kim et al., 2017, Jiang et
al., 2017)

Psychostimulants (e.g., methylphenidate, modafinil)

To monitor levels and patterns of fatigue

Use of distraction such as games, music,
reading, and socializing

Balance rest and activities so that
prioritized activities are achieved

Help patients prioritize and pace
activites and delegate less essential
activities

Balance energy conservation with activity
as follows:

Signs and symptoms of worsening fatigue
to report to health care professionals

Benefits of physical activity during and
post treatment

Consequences of fatigue
Causes (contributing factors) of fatigue
Persistence of fatigue post treatment

Perform a focused history: Onset, pattern, duration; change over time, associated factors,
interference
Evaluate disease status: Breast cancer treatment, cancer recurrence and/or progression
Assess treatable contributing factors: pain, depression, anxiety, distress, anemia, sleep
disturbance, nutritional deficits, function limitation, medication adverse effects, and
comorbidities
Laboratory evaluation based on presence of other symptoms and onset and severity of fatigue;
CBC with differential, and endocrine evaluationThe difference between normal and breast

cancer related fatigue
Breast cancer treatment related fatigue
pattern/fluctuations

To help ascertain peak energy periods
To help with planning activities

Based on NCCN CRF and Survivorship Guidelines 2020, ASCO Fatigue Clinical Practice Guideline 2014, ASCO Breast Cancer Survivorship Care 
Guideline 2016, Pan-Canadian Practice Guideline 2015, ONS Fatigue 2017 Guideline

Counseling

Encourage patients to use a treatment
log or diary

Prevention and Supportive Care
Interventions (Pan-Canadian

Practice Guideline 2015)

Comprehensive and Focused Assessment (ASCO 2014, 2016, NCCN 2020)

Moderate Fatigue (4-6) Severe Fatigue (7-10)

Ongoing
Evaluation

Fig. 10.1  Practical algorithm of screening, assessment, and treatment of cancer-related fatigue
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ated by internal consistency, test-retest reliability, 
and convergent validity, depending on the popu-
lation studied. According to the systematic 
reviews, of the 40 instruments available, the fol-
lowing have optimal validity and reliability: the 
Brief Fatigue Inventory (BFI) [63], the Cancer 
Fatigue Scale (CFS) [64], the European 
Organization for Research and Treatment of 
Cancer Quality-of-Life Questionnaire Core 30 
Fatigue Scale (EORTC QLQ C30 FA) [65], the 
Functional Assessment of Chronic Illness 
Therapy-Fatigue subscale (FACIT-F) [66], and 
the Multidimensional Fatigue Symptom 
Inventory-Short Form (MFSI-SF) [67].

CRF instruments are not universally standard-
ized, and some instruments are more commonly 

used than others. Table 10.1 lists some commonly 
used instruments for CRF assessment in patients 
and survivors with breast cancer [68–70]. A step-
wise approach can be used to detect and define 
CRF. A unidimensional instrument (e.g., EORTC 
QLQ C30 FA, VAS) is often used as a screening 
tool for identifying the presence and the sever-
ity of CRF.  The NCCN guidelines recommend 
screening for CRF based on the patient’s rating 
of symptoms on an 11-point scale in response 
to this question: “How would you rate your 
fatigue on a scale of 0–10 over the past 7 days?” 
(0  =  no fatigue, and 10  =  worst fatigue) [58]. 
The fatigue is then categorized to none to mild 
(0–3), moderate (4–6), or severe (7–10) based on 
the scale rating. Some multidimensional instru-

Table 10.1  Commonly used instruments to screen for and assess cancer-related fatigue

Instruments
Number of 
items Rating scales Fatigue dimensions/domains

Evaluation 
period

Unidimensional
EORTC QLQ C30 
FA [65]

3 4-point
(1–4) Likert

Severity of fatigue Past week

FACIT-F [66] 13 5-point
(0–4) Likert

Severity of fatigue Past week

POMS-F [72] 7 5-point
(0–4) Likert

Severity of fatigue Past week and 
right now

SF-36 Vitality [73] 4 6-point (1–6)
Likert

Severity of fatigue Past 4 weeks

VAS [74] 1 Analogue Severity of fatigue Current
Multidimensional
BFI [63] 9 11-point

(0–10) Likert
Severity and interference of fatigue Past 24 hours

CFS [64] 15 5-point
(1–5) Likert

Physical, affective, and cognitive fatigue Current

CFQ [75] 14 4-point
(0–3) Likert

Physical and mental fatigue Current

FSI [76] 13 11-point
(0–10) Likert

Intensity, duration, and interference of fatigue Past week, 
current

MFI-20 [77] 20 5-point
(1–5) Likert

Cognitive, physical, and emotional fatigue, 
reduced activity, reduced motivation

Current

MFSI-SF [67] 30 5-point
(0–4) Likert

General, physical, mental, and emotional 
fatigue, vigor

Past week

PFS [78] 22 11-point
(0–10) Likert

Behavioral/severity of fatigue, affective 
meaning, sensory, cognitive/mood

Now or today

SCFS-6 [79] 6 5-point
(1–5) Likert

Physical and perceptual fatigue Past 2–3 days

EORTC QLQ C30 FA European Organization for Research and Treatment of Cancer Quality-of-Life Questionnaire 
Core 30 Fatigue Scale, FACIT-F Functional Assessment of Chronic Illness Therapy-Fatigue subscale, POMS-F Profile 
of Mood Sates-Fatigue subscale, SF-36 Short Form 36-item Health Survey Vitality Scale, VAS Visual Analogue Scale, 
BFI Brief Fatigue Inventory, CFS Cancer Fatigue Scale, CFQ Chalder Fatigue Scale, FSI Fatigue Symptom Inventory, 
MFI-20 Multidimensional Fatigue Inventory-20 items, MFSI-SF Multidimensional Fatigue Symptom Inventory-Short 
Form, PFS Piper Fatigue Scale, SCFS-6 Schwartz Cancer Fatigue Scale-6
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ments can further characterize CRF into differ-
ent domains: physical, emotional (affective), and 
cognitive. Once CRF is detected, a multidimen-
sional instrument should be employed to identify 
the most problematic domain(s) of CRF to pre-
scribe an optimal intervention for patients receiv-
ing treatment and survivors’ post-treatment. In 
addition, the time required to complete the CRF 
instrument should be considered, particularly 
for patients with advanced cancer. The BFI is 
a reasonable instrument to choose because it is 
short, has optimal psychometric properties, and 
is sensitive to changes of CRF over time [61]. 
The 3-item fatigue scale of the EORTC QLQ 
C30 has also been used in patients with advanced 
cancer [61] and validated with good test-retest 
reliability [71].

If CRF is detected by screening, the sever-
ity should then be defined as “None to Mild,” 
“Moderate,” or “Severe” (Fig. 10.1). Recommen-
dations for management are then based on the 
severity of CRF (Fig. 10.1).

�Recommendations for None to Mild 
Cancer-Related Fatigue

For patients with none to mild fatigue, prevention 
and supportive care are recommended [59]. 
Clinicians should educate patients about CRF 
(e.g., its pattern, causes, consequences), espe-
cially those features related to breast cancer, 
advise patients to self-monitor fatigue levels, and 
provide general strategies for CRF management 
[1]. Patients are encouraged to use a treatment 
log or diary for tracking the progress of 
CRF. Patients can also learn how to use distrac-
tions, such as games, music, and exercise, to 
demote CRF.

�Recommendations for Moderate 
to Severe Cancer-Related Fatigue

For patients with moderate or severe CRF, clini-
cians should perform a comprehensive and 
focused assessment including fatigue history 
(e.g., onset, pattern, duration), assessment of dis-

ease status (breast cancer treatment, cancer recur-
rence and/or progression), and evaluation for the 
presence of other treatable contributing factors, 
such as anemia, sleep disturbance, endocrine 
dysfunction, anxiety, depression, nutritional defi-
ciency, and medications [1, 56, 58]. Laboratory 
evaluation (e.g., CBC with differential and endo-
crine evaluation) may be performed, if indicated.

�Ruling Out Treatable Causes of Fatigue
Patients who manifest symptoms of CRF should 
first be evaluated for treatable conditions that 
may be contributing to or causing the fatigue. 
These include anemia, deconditioned status, 
sleep disturbance, endocrine dysfunction (hypo-
thyroidism), anxiety, depression, nutritional defi-
ciencies, electrolyte disturbance, and medications 
(Table 10.2). Appropriately managing other con-
tributing conditions may alleviate CRF 
symptoms.

Many patients with cancer are at risk for ane-
mia, which can contribute to symptoms of 
fatigue. A thorough history can help to identify 
reversible causes of anemia, including blood loss, 
hemolysis, iron or vitamin deficiency, or renal 
disease. Iron and vitamins (folate, B12) supple-
ments might be suggested for patients with iron 
and vitamin deficiency to help red blood cells 
grow. Red blood cell transfusions can also be 
used in appropriate patients; however, further 
studies are needed to evaluate efficacy in this 
patient population [80]. Appropriate manage-
ment of physical symptoms such as pain, nausea, 
or shortness of breath can improve fatigue in can-
cer patients. For patients with advanced cancer, a 
randomized controlled trial evaluated monitoring 
and protocolized treatment of physical symptoms 
and the impact on fatigue symptoms. There were 
152 patients randomized to either standard care 
or an intervention, including meeting with a 
nurse specialist, treatments to alleviate physical 
symptoms, and education. Significant improve-
ment in general fatigue as well as in secondary 
endpoints such as interference of fatigue with 
daily life and anxiety was observed in the inter-
vention group [81].

Insomnia occurs frequently in cancer patients 
(also see Chap. 11, Sleep Issues and Insomnia). 
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Fifty-one to 90% of cancer survivors have some 
type of sleep disturbance, such as difficulty fall-
ing asleep and staying asleep, early and frequent 
awakenings, and excessive daytime sleepiness, 
which can cause daytime dysfunction [82–84]. 
For patients with insomnia or other sleep distur-
bance, treatments to improve sleep may mitigate 
fatigue symptoms. Cognitive behavioral therapy 
for insomnia (CBT-I) and behavioral interven-
tions involving sleep management/hygiene edu-
cation sessions are effective approaches for 
improving insomnia and sleep disturbance in 
patients and survivors with breast cancer [85–
89]. Berger et al. compared an intervention, using 
an individualized sleep management plan with 
components of sleep hygiene, relaxation therapy, 
stimulus control, and sleep restriction techniques, 
with a “healthy eating” control in 219 patients 

with breast cancer. Patients in the intervention 
arm reported significant improvements in global 
sleep quality assessed via Pittsford Sleep Quality 
Index [86]. Another study of a sleep management 
program including relaxation techniques, sleep 
hygiene, cognitive techniques, and stimulus con-
trol advice also demonstrated improvements in 
sleep latency, sleep duration, sleep efficiency, 
sleep quality, and daytime dysfunction [87]. Yoga 
is another effective approach to improve sleep 
disturbance in patients and survivors with cancer 
[89–91]. Mustian et al. demonstrated that cancer 
survivors who participated in a standardized 
4-week yoga program (Yoga for Cancer 
Survivors, YOCAS©®) had improved sleep 
quality, reduced daytime dysfunction, and 
decreased sleep medication use compared to the 
usual care controls [90]. The authors further 

Table 10.2  Treatable causes of cancer-related fatigue, risk factors, and screening tests

Treatable causes Risk factors Suggested screening tests
Anemia Nutritional deficiency, prior exposure to 

chemotherapy, renal disease
CBC with diff, peripheral blood smear, 
iron studies, B12, folate, FACT-anemia 
subscale

Anxiety/depression History of prior mood disorder, family history Patient health questionnaires 2 
(PHQ-2) and 9 (PHQ-9), generalized 
anxiety disorder 7-item (GAD-7)

Comorbidities Presence of comorbid conditions including 
congestive heart failure, chronic obstructive 
pulmonary disease, human immunodeficiency 
syndrome, multiple sclerosis, rheumatologic 
conditions

Focused history

Deconditioning Poor social support, comorbidities Focused history of daily activities
Electrolyte 
disturbance

Poor nutrition, brain tumor, paraneoplastic 
conditions such as SIADH, nausea, vomiting, 
diarrhea, or bowel obstruction

A complete metabolic panel including 
sodium, potassium, calcium, 
magnesium

Endocrine 
dysfunction: 
hypothyroidism

Radiation impacting the hypothalamus, 
immunotherapy (hypophysitis)

Hypothyroidism: serum free T4 and 
thyroid-stimulating hormone

Medications Sedating medications including benzodiazepines, 
opioids, beta-blockers, first-generation 
antihistamines

Focused history

Nutritional 
deficiency

Mild cognitive impairment or dementia, poor social 
support, esophagitis related to cancer treatment, 
thrush, older age

Focused nutritional history, weight 
changes, iron levels, B12 and folate, 
nutritional assessment, and registered 
dietitian consultant

Physical symptoms Uncontrolled pain, dyspnea, nausea Focused history, quantification can 
include scales and interference with 
daily activities

Sleep disturbance For sleep apnea, elevated BMI, untreated/
undertreated pain

Sleep history including symptoms of 
sleep apnea

Substance use Use of alcohol, marijuana, opioids, cocaine, or other 
stimulants

Focused history describing the quantity 
and frequency of substance use
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reported that improvements in sleep significantly 
mediated the positive effect of yoga on CRF in 
cancer survivors [30]. Physical symptoms, such 
as pain, anxiety, and depression, are associated 
with the severity of insomnia in patients with 
breast cancer [92–94]. Relief of pain, anxiety, 
and/or depression may help to alleviate sleep dis-
turbance in breast cancer patients suffering from 
insomnia. If patients do not respond to education 
or behavioral interventions, medications such as 
benzodiazepines, antihistamines, melatonin, or 
non-benzodiazepine hypnotics are suggested. 
Overall, there are a variety of pharmacologic and 
non-pharmacologic means to improve sleep in 
patients with cancer.

Preexisting endocrinopathies or treatment that 
impairs the function of endocrine organs can lead 
to fatigue. Radiation, if fields include the thyroid 
or pituitary, increases the risk of hypothyroidism 
[95, 96]. Adjuvant endocrine therapy, prescribed 
for up to 10 years to decrease the risk of cancer 
recurrence, causes symptoms similar to meno-
pause. Greater than 50% of patients taking aro-
matase inhibitors report moderate to severe 
fatigue [97]. For patients on immunotherapy, 
immune-related adverse events can include 
hypophysitis, thyroid dysfunction, and insulin-
dependent diabetes mellitus [98]. Patients with 
risk factors for endocrine dysfunction should be 
screened with appropriate laboratory tests 
(Table  10.2). If hypothyroidism is present, it 
should be treated.

�Non-Pharmacologic 
and Pharmacologic Treatments for CRF

If the initial work-up is negative for treatable 
causes of fatigue, there are proven non-
pharmacologic and pharmacologic treatment 
options for directly managing CRF.  Non-
pharmacologic options include physical activity 
interventions (aerobic, anaerobic/strength, or 
both), mind-body approaches (yoga, mindful-
ness, acupuncture), psychosocial interventions 
(cognitive behavioral therapy, psycho-educational 
interventions.), and nutritional supplements. 
Pharmacologic options include psychostimu-
lants, antidepressants, and glucocorticoids. 
Treatment decisions should consider patients’ 

and their caregivers’ preferences, physical and 
mental condition, resource availability, financial 
burden, and potential harm. A meta-analysis of 
113 randomized trials of exercise (aerobic, resis-
tance, or both), psychological interventions, 
exercise plus psychological interventions, and 
pharmacologic interventions demonstrated that 
exercise, psychological interventions, and exer-
cise plus psychological interventions were sig-
nificantly more effective than pharmacologic 
interventions [99]. For this reason, non-
pharmacologic interventions should be consid-
ered first-line treatments.

�Non-Pharmacologic Treatments

�Physical Activity
Many systematic reviews and meta-analyses have 
demonstrated a significant and consistent benefi-
cial effect of exercise on CRF among patients and 
survivors with breast cancer [68–70, 100–102]. 
Studies have evaluated different types of exercise 
including walking [103], bicycling [104], resis-
tance training [105, 106], aquatic exercise [107], 
a combined approach [108], or others in which 
patients could choose the type of exercise [109]. 
Exercise interventions have been carried out dur-
ing [69, 70, 110, 111] and after treatment [100, 
110, 112, 113]. The duration of the studied exer-
cise program has varied in studies from 6 weeks 
to 6 months. Most data support aerobic exercise 
[114], but resistance exercise also has a signifi-
cant impact and possibly a larger effect size 
[115]. ASCO guidelines recommend 150  min-
utes of moderate or 75 minutes of vigorous aero-
bic exercise per week with 2–3 sessions of 
strength training [1, 56].

Breast cancer survivors with known cardio-
vascular (CVD), metabolic (type 1 and 2 diabetes 
mellitus), or renal disease or who have any signs 
or symptoms suggestive of CVD, DM, or renal 
disease are recommended to obtain medical 
clearance to start or continue an exercise pro-
gram. Otherwise, routine cardiac screening is not 
necessary before starting an exercise program for 
survivors without known CVD [116]. The type of 
exercise program undertaken depends not only 
on preexisting comorbidity, including cardiovas-
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cular disease, but also on conditions resulting 
from previous cancer treatment, such as 
chemotherapy-induced peripheral neuropathy 
(CIPN), cardiomyopathy, osteoporosis, arthral-
gia, and lymphedema. Breast cancer survivors 
with CIPN may be prone to falls or dropping 
things, which may impact safety during an exer-
cise program. The presence of balance issues 
requires greater stability during exercise, such as 
using a stationary bike rather than walking or 
running [117]. Past use of chemotherapy or endo-
crine therapy increases the risk of bone loss, so 
patients should be monitored using dual-energy 
x-ray absorptiometry scans to determine fracture 
risk [117]. Evaluation for arm/shoulder morbid-
ity is recommended before prescribing upper 
body exercises for breast cancer survivors with 
lymphedema. Active exercise may be carried out 
while wearing a compression sleeve on the 
affected side [118]. Studies have shown that care-
fully designed exercise programs with progres-
sive upper extremity strength training are safe for 
women at risk for lymphedema [119, 120]. 
Exercise prescriptions should be individualized 
according to the individual’s health status, dis-
ease trajectory, previous treatment, symptom bur-
den, current fitness level, past and present 
exercise participation, and individual preferences 
to ensure safety and effectiveness [121].

�Mind-Body Interventions
Mind-body approaches for CRF include mindful-
ness, meditation, acupuncture, and yoga [30, 122–
131]. Rooted in Buddhist and Hindu teaching, 
mindfulness focuses on attention, awareness, and 
nonjudgmental acceptance to optimize one’s abil-
ity to be fully present in the moment. Multiple 
randomized trials indicate that mindfulness-based 
approaches are effective in reducing stress in 
patients with breast cancer [132, 133]. The prac-
tice of yoga, which originated in ancient India, 
involves a group of physical, mental, and spiritual 
disciplines. Considerable data indicate that yoga 
reduces CRF [30, 123, 131]. A recent study by 
Lin et al. suggests that YOCAS©® yoga (gentle 
Hatha and Restorative yoga-based yoga program) 
significantly improves CRF and that 22% to 37% 
of the improvement in CRF from yoga therapy 

results from improvement in sleep quality and 
daytime dysfunction [30]. Yoga also leads to 
decreases in inflammatory mediators, such as 
IL-6 and IL-1β [131]. Acupuncture originated in 
traditional Chinese medicine and involves the 
insertion of very thin needles through the skin at 
strategic points on the body, thought to stimulate 
nerves, muscles, and connective tissue in a thera-
peutic way. The benefits of acupuncture with 
regard to CRF have been more controversial; 
some studies have suggested that acupuncture sig-
nificantly improves CRF [134–136], but other 
studies did not see additional benefits of acupunc-
ture on CRF when compared to sham acupuncture 
[137] or to massage only intervention [138].

�Psychosocial Interventions
Psychosocial interventions include cognitive 
behavioral therapy (CBT), psychoeducational 
therapy, and other supportive therapies. CBT is a 
type of psychological therapy in which patients 
work with an experienced CBT therapist; the 
focus is on modifying dysfunctional thoughts, 
emotions, and behaviors. Psycho-educational 
interventions involve providing information, 
counseling, and strategies for survivors. Many 
small trials and multiple meta-analyses have 
shown small to moderate benefits with psychoso-
cial interventions for CRF [99, 139–148]. The 
design of these interventions has varied by trials, 
some focusing on energy conservation and activ-
ity management interventions [141, 149], while 
others providing supportive interventions such as 
emotional and social support and self-care coach-
ing [139]. Studies have shown that CBT may be 
more effective than other psychosocial 
approaches in reducing fatigue symptoms [150], 
with effects maintained at 2 years [151]. For the 
treatment of CRF, clinicians can refer breast can-
cer survivors to a provider who can provide CBT-
based therapy.

�Nutrition and Supplements
Nutritional supplements are commonly used to 
manage symptoms. Though meta-analyses and 
overviews regarding nutritional supplements 
and CRF describe no clear effect [152, 153], 
several are worthy of mention. A pilot study of 
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breast cancer survivors by Zick et al. [154], for 
instance, showed a significant reduction in CRF 
with a diet rich in fruit, vegetables, whole grains, 
and omega-3 fatty acid-rich foods. Nutritional 
supplements, such as omega-3 or omega-6 fatty 
acids, coenzyme Q10, guaraná, and ginseng, 
have also been studied for their effects on CRF, 
due to their antioxidant and/or anti-inflamma-
tory properties. Peppone et  al. conducted a 
3-arm study comparing omega-3 fatty acids, a 
combination of omega-3 and omega-6 fatty 
acids, and omega-6 fatty acid supplements on 
CRF in 108 breast cancer survivors. Although 
all participants showed improvement from base-
line in their level of CRF, the improvements 
were significantly greater in those receiving 
omega-6 fatty acid supplements alone than in 
the other two arms [155].

Current evidence is insufficient and inconsis-
tent to conclude the effects of coenzyme Q10 and 
guaraná supplements on CRF. Coenzyme Q10 is 
a nutrient that occurs naturally in the body. It acts 
as an antioxidant to protect cells from damage, 
plays an important role in metabolism, and has a 
side effect of mild insomnia. Coenzyme Q10 was 
shown reducing CRF in breast cancer patients 
receiving chemotherapy when supplementing it 
with L-carnitine and branched-chain amino acids 
[156] but did not reduce CRF when supplement-
ing it with vitamin E [157]. Guaraná, derived 
from the seed of a Brazilian plant native to the 
Amazon basin, is touted to be helpful for weight 
loss, enhanced athletic performance, as a stimu-
lant, and to reduce mental and physical fatigue. 
Stimulant properties of guaraná are likely due to 
its high caffeine content, which is among the 
highest of any plant. Compared to coffee which 
contains 2% caffeine by weight, guaraná contains 
3.6–5.8% caffeine by weight. Effects of 
2–3 weeks guaraná supplements on CRF in breast 
cancer patients receiving chemotherapy were 
also inconsistent [158–160].

Ginseng, used for centuries in Chinese medi-
cine, is derived from the root of a plant and has 
antioxidant and anti-inflammatory properties. 
Ginseng appears to have some effects on reduc-
ing CRF [161–164]; however, the potential 
herbal-drug interactions need to be considered, 

particularly in patients undergoing chemotherapy 
[165]. A patient developed liver toxicity during 
chemotherapy when concurrent use of a ginseng 
supplement [166]. Another case report indicated 
that the ginseng supplement might lower a 
patient’s response to chemotherapy [167].

�Pharmacologic Treatments
Only limited data support the efficacy of phar-
macologic treatment for CRF, but a therapeutic 
trial of medication can be tried if non-pharmaco-
logic interventions are not helpful. Studies to 
date have evaluated psychostimulants (methyl-
phenidate, dexmethylphenidate, and modafinil), 
antidepressants (paroxetine, sertraline), and glu-
cocorticoids [51, 168–172]. Of the psychostimu-
lants studied, the most data is available for 
methylphenidate and modafinil. A 2010 
Cochrane review and 2018 meta-analysis both 
report improvement in CRF with the use of 
methylphenidate [169, 172]. However, the 2018 
meta-analysis did not find that modafinil had any 
efficacy, and the magnitude of the effect of meth-
ylphenidate was of questionable clinical signifi-
cance [169]. Data for the use of antidepressants 
for CRF has been disappointing. In the absence 
of depression, clinical trials have demonstrated 
no impact of antidepressants on fatigue in cancer 
survivors [51, 90, 170]. Glucocorticoids can 
alleviate CRF in cancer patients. In a random-
ized study of 84 patients with advanced cancer, 
significant improvements in the level of CRF and 
physical distress were seen after 15  days of 
dexamethasone, 4  mg twice daily, versus pla-
cebo. No significant increase in adverse events 
occurred during the short follow-up of this study 
[168]. Nonetheless, the risk of side effects of 
glucocorticoid use limits its application for CRF 
in cancer survivors.

�Future Research

Many gaps exist in the area of CRF research. The 
negative impact of CRF on other outcomes such 
as healthcare utilization, cost, and survival needs 
to be studied. Despite studies consistently dem-
onstrating the benefits of physical activity inter-
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ventions in CRF, the optimal dose and intensity 
of exercise remain unclear. Given the multidi-
mensional nature of CRF, a one-size-fits-all 
approach is likely not sufficient. Combinations of 
various strategies such as exercise and other non-
pharmacologic interventions (e.g., psychological 
therapies, behavioral modifications) need to be 
further investigated. With an increasing emphasis 
on personalized medicine in oncology, an under-
standing of the biobehavioral mechanisms asso-
ciated with CRF is necessary to develop 
individualized care plans and to know which 
treatment is most effective for whom. Finally, 
dissemination of the clinical practice guidelines 
into clinical settings is essential to identify 
patients with CRF and implement individualized 
treatment plans.

�Conclusion

CRF is a commonly reported, debilitating toxic-
ity experienced by patients surviving after breast 
cancer diagnosis and treatment and can persist 
for many years. Screening for CRF should be 
incorporated into routine cancer care. Non-
pharmacologic interventions (e.g., physical 
activity, mind-body interventions, cognitive-
behavioral interventions) can effectively treat 
CRF and should be prescribed prior to pharmaco-
logic approaches into the care plan for breast can-
cer survivors with CRF.
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Sleep Issues and Insomnia

Ryan D. Davidson and Eric S. Zhou

�Sleep Disturbances and Cancer

Sleep disturbances are common for patients 
across all types of cancer [1] with up to 60% of 
patients meeting criteria for a sleep disorder [2, 
3]. Described as one of the most distressing 
symptoms associated with diagnosis and treat-
ment of cancer, cancer patients report higher 
rates of sleep disturbances compared to the gen-
eral adult population [4]. In addition to causing 
patient distress and compromising quality of life, 
sleep disturbances have significant health 
impacts. Some studies have indicated that poorer 
sleep also can impact tumor formation and can-
cer outcomes [5]. Chronically disrupted sleep has 
been associated with increased rates of colorectal 
cancer [6] and breast cancer in women [7] as well 
as prostate cancer in men [8]. Further, sleep dis-

turbances are associated with more aggressive 
tumor characteristics for post-menopausal 
women with breast cancer [9].

There are differences in sleep disturbances 
based on the specific site of the cancer. Patients 
with breast or ovarian cancer are the most likely 
to have sleep disturbances while patients with 
prostate cancer are less likely to have sleep dis-
turbances compared to other cancer diagnoses 
[10–12]. In addition to breast cancer being one of 
the most common types of cancer, particularly in 
women [13], the impact of the diagnosis itself, 
risk factors associated with breast cancer, and the 
treatment is associated with increased rates of 
sleep disturbances [14]. For patients with breast 
cancer, sleep disturbances are associated with 
worse quality of life compared to patients with 
other forms of cancer [15].

�Differentiation Between Insufficient 
Sleep, Poor Sleep, and Sleep 
Disorders

It is important to recognize that the terms “insuf-
ficient sleep,” “poor sleep quality,” and/or a 
“sleep disorder” such as insomnia are often used 
interchangeably by patients and providers alike, 
but they are distinct problems. Insufficient sleep 
emphasizes the hours of sleep an individual gets 
on a nightly basis, whereas poor sleep quality 
focuses on how restful the night of sleep was 
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based on subjective reports. Individuals who 
report poor sleep quality often report a sense of 
tossing and turning, having difficulty falling 
asleep, difficulty staying asleep, or feel like they 
were not in a deep sleep. Though individuals with 
insufficient sleep time may also report poor sleep 
quality, one study of breast cancer patients under-
going chemotherapy indicated that subjective 
reports of poor sleep quality and increased day-
time dysfunction were associated with longer 
sleep duration [16]. Sleep disorders occur when 
symptoms of poor sleep duration, quality, or 
sleep behaviors reach a level which impairs daily 
functioning. It is important to note that neither 
insufficient sleep nor poor sleep quality is itself a 
sleep disorder. The most common sleep disorders 
in the general population include insomnia, 
obstructive sleep apnea (OSA), and sleep-related 
movement disorders (restless leg syndrome and 
periodic limb movement disorder) [17, 18]. For 
the purposes of this paper, we will use the term 
sleep disturbances as a broad term for insuffi-
cient sleep, poor sleep quality, and sleep disor-
ders unless specified more narrowly.

�Sleep Disturbances in Breast Cancer

There is limited research investigating relation-
ships between sleep duration, specifically, and 
breast cancer. However, in one 20-year prospec-
tive study, short sleep duration was not associated 
with higher rates of breast cancer, but long-
sleepers (over 9 h) were less at risk for develop-
ing breast cancer [19]. There is a greater breadth 
of research investigating the relationship of sub-
jective sleep quality and cancer and related treat-
ments. One limitation of the research within this 
field is the difficulty comparing rates of sleep dis-
turbances across studies due to varying use of 
sleep disturbances, poor sleep quality, sleep 
problems, and insomnia as outcome measures 
with a wide range of definitions used. Women 
with breast cancer are more likely to experience 
insomnia than the general population [20, 21], 
but there is limited data about the rates of other 
sleep disorders such as OSA and restless leg syn-
drome in breast cancer populations.

Similar to patterns seen across all cancer 
types, women with breast cancer are more likely 
to experience insomnia and related symptoms 
compared to control groups of women without 
cancer [22, 23]. Some of the association between 
breast cancer and insomnia may be accounted for 
by overlapping risk factors. Two of these promi-
nent risk factors for both include being female 
and having multiple health problems [12, 24, 25]. 
There are mixed findings regarding age and risk 
for insomnia for individuals with breast cancer, 
but some argue that women with breast cancer 
who are older are at greater risk, while in other 
studies age does not impact risk for insomnia 
[26]. Within breast cancer patients, there are sev-
eral risk factors for vulnerability to developing 
insomnia or other sleep disturbances, including 
presence of hot flashes, menopausal symptoms, 
pain, fatigue, and depressive symptoms [27–29; 
see Table 11.1].

Insomnia is common in patients with breast 
cancer, regardless of stage. In an early seminal 
study of breast cancer patients (ranging from 2 to 
357  months since diagnosis), 19% of non-
metastatic patients had insomnia, and of these 
patients with insomnia, 95% of these patients had 
insomnia with symptoms lasting more than 
6  months [21]. A third of the patients who 
reported insomnia, reported symptoms began 

Table 11.1  Risk factors for insomnia for general popula-
tion and breast cancer patients

Risk factors for insomnia 
in general population [24, 
132]

Risk factors for insomnia 
in breast cancer patients 
[27–29]

History of insomnia Hot flashes (slower onset 
and longer duration)

Family history of insomnia Menopause
Female Non-Caucasian
Older age Younger age
Snoring Pain
Poorer general health Fatigue
Poorer mental health 
(depression, anxiety 
symptoms)

Depression symptoms

Pain Decreased physical 
activity

Personality traits (lower 
extraversion, higher 
arousability)

Poorer reported general 
health
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after diagnosis, and over half reported that the 
cancer diagnosis caused or exacerbated pre-
existing sleep difficulties [21]. Even higher rates 
of sleep disturbances have been reported in 
women with metastatic breast cancer, with 63% 
reporting sleep disturbances and 35% reporting 
use of sleep medications within the previous 
month [30]. In a more recent study, these high 
rates of sleep disturbance persist, with more than 
half of female patients with breast cancer report-
ing poor sleep [29].

While early studies indicated that diagno-
sis of breast cancer was a key trigger for sleep 
disturbances and insomnia, other studies have 
highlighted the potential impact of chemother-
apy on sleep. After chemotherapy, patients with 
breast cancer demonstrated lighter sleep with 
less deep sleep and REM sleep, as well as more 
time spent in bed awake [31]. Subjectively, 
women with breast cancer report a negative 
impact of chemotherapy on sleep quality [32]. 
Women in Egypt who underwent chemotherapy 
as a part of their treatment reported worse sleep 
quality than women who did not go through 
chemotherapy [3].

There are mixed findings about how chemo-
therapy impacts sleep disturbances over time for 
women with breast cancer. Some studies indicate 
there does not seem to be a change across chemo-
therapy cycles [32], while others indicate that as 
chemotherapy cycles continue, patients report 
worse subjective sleep [33]. An earlier study indi-
cated that within the first 3 days of administration 
of chemotherapy, there were disruptions in the 
sleep-wake rhythm which worsened with each 
progressive administration of chemotherapy [34]. 
Whisenant and colleagues recently provided fur-
ther insight regarding the trajectories of sleep dis-
turbances reported by breast cancer patients 
across cycles of chemotherapy [35]. Within this 
study, there were two patterns of sleep distur-
bances noted; one group demonstrated mild 
improvements in sleep disturbances across the 
2nd (89%) and 3rd (81%) cycle of chemotherapy, 
while the other group demonstrated a moderate 
worsening of sleep disturbances during the 2nd 
cycle of chemotherapy (11%) and a mild worsen-
ing of sleep disturbances in the 3rd cycle of che-

motherapy (19%) [35]. Neither demographic nor 
treatment variables were predictive of sleep dis-
turbance class.

Side effects of treatment, including the medi-
cal induction of menopause [36, 37] and increased 
hot flashes, also impact sleep disorders in women 
with breast cancer [38]. Breast cancer survivors 
were more likely to have hot flashes compared to 
a control group of matched healthy women [39]. 
In women with breast cancer, night-time hot 
flashes are associated with more time awake, less 
deep sleep, and more fragmented sleep [40]. 
There has been some research to identify the tim-
ing of symptoms and sleep disturbances. One 
study indicated that when prescribed tamoxifen, 
women experienced higher rates of depression 
than non-cancer mid-aged controls and that pres-
ence of hot flashes adversely impacted both 
depression and reported quality of life [41]. 
Though many women had also undergone che-
motherapy and almost half had menopausal 
symptoms prior to starting tamoxifen, the fre-
quency and burden of hot flashes were attributed 
to tamoxifen by the participants [41]. In this 
study, frequency of hot flashes was associated 
specifically with worse emotional functioning, 
higher levels of anxiety, and more sleep distur-
bances [41]. In another study, poor sleep was 
associated with increases in both pain and hot 
flashes, but these were preceded by dysfunctional 
sleep-related thoughts (worry about the conse-
quences of insomnia) and sleep impairing behav-
iors (e.g., napping, staying in bed while awake, 
increasing time for sleep opportunities) [42].

Inflammatory cytokines, including interleu-
kin-1 beta (IL-1β), interleukin-6 (IL-6), tumor 
necrosis factor-alpha (TNF-α), and interleu-
kin-2 (IL-2), are thought to be one physiologi-
cal link between cancer and sleep disturbances 
and may be produced as a response to tumor 
growth or chemotherapy. These cytokines can 
activate pathways which are also involved in 
sleep-wake cycles and pain responses [43, 44]. 
In addition, the stress associated with diagno-
sis and treatment can also exacerbate inflam-
matory cytokine response through activation of 
the hypothalamic-pituitary-adrenal axis [45]. 
Though the exact mechanism is still being under-
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stood, inflammatory cytokines may influence 
sleep through the impact on sleep-wake cycles, 
increased pain, fatigue, and production of cor-
ticosteroids associated with increased stress in 
adults with cancer [45, 46]. Other studies iden-
tified nausea, a common side effect of chemo-
therapy, as a potential mechanism for disturbed 
sleep in breast cancer patients. Nausea severity 
was found to impact both sleep disturbances and 
fatigue for women with breast cancer [47]. Many 
of the medications that are commonly used to 
improve treatment-related side effects such as 
opioids, anti-nausea medications, and corticoste-
roids can exacerbate sleep disturbances [48–50].

�Differential Diagnoses 
and Importance of Assessment 
Within Cancer Populations

Sleep disturbances may begin or become exacer-
bated with cancer diagnosis, treatments, and/or 
side effects. For many patients with cancer gen-
erally, sleep disturbances (specifically insomnia 
symptoms) improve over time [23]. However, they 
do not necessarily resolve completely or along the 
same trajectory as other side effects of treatment 
such as pain and fatigue. Approximately 40% of 
individuals with a history of breast cancer without 
evidence of disease continue to report sleep dis-
turbances 5 years posttreatment [51, 52]. With the 
high rates of sleep disturbances, it is important to 
address sleep disturbances specifically early, even 
before other side effects or symptoms associated 
with treatment have resolved.

�Insomnia Disorder

Criteria for an insomnia disorder include dif-
ficulty initiating or maintaining sleep or experi-
encing nonrestorative sleep; difficulties must last 
for at least 1 month and sleep disturbances cause 
clinically significant distress or impairment in 
functioning [53]. These symptoms and experi-
ences may be brief (transient), occur periodically 
(transient recurring), or can be chronic, and many 
people may experience a combination of symp-
toms. There are also side effects or consequences 

of insomnia, including tiredness, negative mood, 
inability to enjoy social activities, lack of con-
centration, impaired memory, decreased quality 
of life, exacerbated health conditions, as well as 
impacts on work such as higher rates of absentee-
ism and lower job performance [54]. Women with 
breast cancer may be twice as likely to experience 
insomnia compared to the general population [21]. 
As insomnia severity increases, postmenopausal 
women with breast cancer demonstrate worsening 
sequelae including cognitive impairments [55]. 
When assessing for insomnia, it is important to 
adequately assess mood symptoms as insomnia 
is often associated with increased rates of depres-
sion [30]. Furthermore, rates of anxiety, depres-
sion, and fatigue are higher in women after breast 
cancer diagnosis [56, 57].

�Obstructive Sleep Apnea

Another common sleep disorder is obstruc-
tive sleep apnea (OSA) which involves fre-
quent pauses in breathing overnight during 
sleep, associated with loud snoring and caused 
by obstruction of the airway, often associated 
with the tongue or airway dilator muscles [58]. 
Polysomnography is required to diagnose OSA as 
there are specific criteria associated with sever-
ity of desaturation, length of time of cessation of 
airflow, and the number of cessation events tal-
lied throughout the night [59]. There are long-
term health consequences associated with OSA, 
including cardiovascular, neurological, and endo-
crine implications [58]. There are mixed findings 
regarding whether OSA may be a contributing 
factor in the incidence or progression of cancer 
[60–62]. There are elevated rates of OSA in can-
cer populations, especially head and neck cancers 
[63, 64]. There is limited data about the frequency 
of OSA in patients with breast cancer specifically.

�Periodic Limb Movement Disorder

Periodic Limb Movement Disorder (PLMD) is a 
neurological disorder that is associated with 
repeated limb movements, typically in lower 
limbs, which occurs in sleep [65]. Although 
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impairment leading to the periodic limb move-
ment disorder diagnosis is rare, the involuntary 
periodic limb movements during sleep are more 
common and may not reach the threshold to diag-
nose an individual with PLMD. Many individuals 
may experience restless leg syndrome which is 
associated with voluntary limb movements, but 
these occur while awake. As PLMD is a rare dis-
order, there is limited research regarding the rela-
tionship between periodic limb movements and 
cancer, and specifically patients with breast can-
cer. However, in one study of patients with breast 
cancer, women with cancer were more likely to 
experience periodic limb movements compared 
to women without cancer [31]. The increased 
rates of periodic limb movements may be a con-
tributing factor to sleep disturbances in cancer 
patients as women with breast cancer with severe 
insomnia only differed from those with mild or 
moderate insomnia in number of periodic limb 
movements [66].

�Interventions

�Cognitive Behavioral Therapy 
for Insomnia

Given the significant distress regarding sleep dis-
turbances and insomnia and its subsequent 
impact on quality of life, it is important for 
patients with sleep disturbances to receive treat-
ment. Cognitive Behavioral Therapy for Insomnia 
(CBT-I) is considered the gold standard for 
insomnia treatment [67] and is typically adminis-
tered within 4–8 sessions. It is associated with 
improvements in both subjective and objective 
measures of sleep [68]. CBT-I utilizes strategies 
from behavioral therapies and includes several 
components to create a brief, sleep-focused mul-
timodal intervention [69, 70]. The components of 
CBT-I include sleep restriction, stimulus control, 
cognitive restructuring, sleep hygiene, and relax-
ation (see Table 11.2 for a more in-depth descrip-
tion of these components) [69–75]. It is 
hypothesized that in addition to the direct 
improvement on sleep measures resulting from 
both behavioral and cognitive methods, CBT-I is 
also associated with improvement in mood which 

then subsequently improves adherence and anxi-
ety, further improving sleep quality [76].

CBT-I is effective for improving sleep using 
both subjective and objective outcome measures 
in breast cancer populations. Individuals with 
breast cancer who received CBT-I had decreased 
total wake time and improved sleep efficiency 
following treatment with sustained improve-
ments at 3 and 6 months when using both sleep 
diaries and polysomnography [77–79]. Other 
studies showed that CBT-I was effective at 
improving reported insomnia [38, 80, 81]. 
However, one study indicated that there were no 
significant differences between CBT-I and a psy-
choeducation control group for women with 

Table 11.2  Description of components of CBT-I

Component of 
CBT-I General description
Sleep 
restriction 
[72, 73]

Providers will “prescribe” a new 
window for sleep opportunity which 
typically would match the total amount 
of sleep the patient is currently 
receiving. Over time, the sleep 
opportunity window increases

Stimulus 
control [74]

Behavioral strategies for patients to 
begin to relearn associations between 
sleep and bed/bedroom. Strategies 
include going to bed when sleepy, only 
using the bed for sleep and sexual 
activities, and leaving the bed if unable 
to fall asleep within 20 min and not 
returning until one is sleepy again

Cognitive 
restructuring 
[71;75]

Patients are taught to identify unhelpful 
thoughts such as if one does not get 
enough sleep one night, they will be 
completely useless the next day. Over 
time, patients are taught to evaluate and 
modify their thoughts

Sleep hygiene 
[71]

Patients are encouraged to use 
behavioral strategies which improve 
sleep environment and routine, 
including going to bed and waking up 
at the same time every day, maintaining 
appropriate light and temperature in the 
bedroom, and minimization of caffeine, 
alcohol, and nicotine during the 
evening

Relaxation 
[71]

Providers work with patients to identify 
strategies which focus on decreasing 
physical tension as well as intrusive 
thoughts and worries at bedtime

aNote: Sleep disorders can be complex and often occur in 
the context of comorbid psychological and medical disor-
ders. Specific interventions to address sleep should be 
provided by providers with specific training
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breast cancer and insomnia for the following out-
comes: wake after sleep onset, total sleep time, 
sleep efficiency, and sleep quality [82]. There 
was one difference between CBT-I and the psy-
choeducation control group as participants in the 
CBT-I group spent less time in bed at the end of 
treatment [82].

In addition to improving sleep, CBT-I relieves 
distress and improves quality of life [83]. For 
individuals with breast cancer specifically, there 
are reported improvements in depression and 
anxiety [84, 77] as well as fatigue and quality of 
life compared to control groups [80, 85]. Further, 
CBT targeting hot flashes was associated with 
reduction in menopausal symptoms using both 
physiological and subjective measures. Along 
with improvement in hot flashes, women also 
reported improved sleep quality and general qual-
ity of life [86]. Improvements in hot flashes and 
night sweats were maintained at 26-week follow-
up [86]. CBT-I has also been shown to improve 
physical and cognitive functioning, lessen insom-
nia, improve attitudes towards sleep [81], and 
improve immune system functioning [84].

Despite proven benefits of CBT-I, there can be 
barriers to identifying sleep specialists to work 
with breast cancer patients. In order to address 
this potential barrier to accessing services and to 
address variations in adherence [87], investiga-
tors have explored a variety of alternate delivery 
options. Delivery methods evaluated in clinical 
trials include video-based intervention [88], self-
help formats [89] some of which are delivered 
during chemotherapy [90], and web-based deliv-
ery [91]. Not only were these delivery methods 
effective in improving sleep quality, but, impor-
tantly, they were acceptable to patients, implying 
that the beneficial effects of CBT-I were credible 
to patients. Perceived credibility is important 
because it is associated with adherence to behav-
ioral recommendations [92].

�Stepped Care Interventions

A growing area of research within CBT-I is the 
idea of stepped care-interventions. With growing 
data to support alternative delivery options for 

CBT-I, there has been a growing need to identify 
appropriate methods to identify which form of 
delivery is most helpful for which patients. One 
potential mechanism by which to funnel patients 
to the appropriate care is through a stepped-care 
model. At the beginning all patients would enter 
into the treatment system through the “least 
restrictive therapy” [93]. If patients benefit from 
this level of intervention, they can leave the path-
way, but if they need additional support they con-
tinue to move up the hierarchy of interventions 
until they reach the appropriate level of interven-
tion and provider expertise. In the case of CBT-I, 
the first step or entry point could be a web-based 
delivery system or a single CBT-I-based work-
shop. If the patient’s insomnia continues to be 
unremitting, they would eventually engage in a 
full course of in-person CBT-I with a behavioral 
sleep medicine expert.

�Other Behavioral Interventions

In addition to CBT-I, there are other behavioral 
interventions which have been shown to be effec-
tive in treating insomnia for cancer patients [94]. 
A recent meta-analysis and systematic review of 
exercise interventions demonstrated that regular 
aerobic exercise can improve sleep quality for 
cancer patients [95, 96]. Mindfulness-based 
approaches also show promise [97, 98] with 
some recent feasibility and non-randomized stud-
ies indicating that mind-body interventions may 
be more acceptable and feasible for breast cancer 
survivors compared to CBT-I [99]. In addition to 
improvements in sleep outcomes, mind-body 
interventions like yoga can also impact daily cor-
tisol rhythms and immune responses [100].

�Pharmacotherapy

Up to 41% of cancer patients received a prescription 
for a sleep medication following diagnosis [101], 
and 28% of patients are prescribed sleep-related 
medications 9  years post cancer diagnosis [102]. 
Similar rates of medication use for sleep manage-
ment were seen in breast cancer survivors [80, 103].
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In the general population, CBT-I and pharma-
cotherapy are shown to be equally effective for 
short-term outcomes with CBT-I more effective 
in the long-term [104–106]. In one more recent 
randomized trial investigating the effect of a 
wake-promoting medication (armodafinil), study 
arms which included CBT-I (CBT-I plus pla-
cebo and CBT-I plus medication) demonstrated 
improvement in severity of insomnia and sleep 
quality compared to just medication study arms 
(armodafinil ad placebo) [107]. These improve-
ments were maintained at follow-up 3-months 
post treatment [107]. The most common medica-
tions for the treatment of insomnia in the general 
population and for cancer patients include ben-
zodiazepine, benzodiazepine receptor agonists, 
antidepressants, antihistamines, and melatonin 
receptor agonist [106]. The American Academy 
of Sleep Medicine has published a set of clinical 
practice guidelines for the use of pharmacologic 
treatment of insomnia for adults and should be 
referenced for more in-depth guidelines [108]. 
In one study, almost half of patients with breast 
cancer who use medication sleep aids were pre-
scribed a hypnotic (benzodiazepine or benzodi-
azepine receptor agonist), but nearly a quarter 
used over-the-counter analgesics such as acet-
aminophen or ibuprofen as a sleep aid [103]. 
Meta-analyses reported within the European 
guidelines for the treatment of insomnia [106] 
indicate that benzodiazepines and benzodi-
azepine receptor agonists are effective when 
used for less than 4 weeks and are more effec-
tive than anti-depressants used in small doses to 
treat insomnia. There are limited meta-analyses 
assessing the effectiveness of antihistamines, 
antipsychotics, or other psychopharmacological 
options [106].

Though pharmacology is often utilized to 
treat sleep disturbances in general and cancer 
populations, many of these medications have 
not been tested in cancer populations and long-
term effectiveness and efficacy are not under-
stood [109]. There is even less data regarding 
the efficacy of these medications for breast 
cancer specifically. In addition, there are side 
effects as a consequence of many of these medi-
cations, and use of hypnotics has been associ-

ated with increased rates of cancer and mortality 
[110–112]. In older adult populations, specific 
antihistamines such as diphenhydramine, and 
doxylamine have been associated with liver and 
kidney complications, cognitive impairment, 
and increased rates of falls [113, 114]. Use of 
benzodiazepines at night for sleep is also asso-
ciated with impairments in cognitive function-
ing, including memory, as well as both falls and 
motor vehicle accidents [115].

�Intervention Recommendations

Although many patients receive sleep medication 
after diagnosis, a position statement from the 
American Academy of Sleep Medicine (AASM) 
notes that for the treatment of insomnia (not spe-
cific to cancer), there were no pharmacological 
agents that had stronger than “weak” supporting 
evidence [108]. Both the American College of 
Physicians (ACP) [116] and Canadian guidelines 
[117–119] indicate that CBT-I should be the first 
line of treatment for management of insomnia. 
Decisions about the addition of medication/phar-
macotherapy to CBT-I should be made between 
providers and patients after discussions about the 
potential benefits and side effects. For patients 
who may have difficulty accessing CBT-I in per-
son or administered by a sleep specialist, other 
modes of delivery of CBT-I (e.g., video-based, 
web-based) may be beneficial.

�Algorithm for Assessment, 
Management, and Treatment 
for Sleep Disturbances 
and Insomnia in Breast Cancer 
Patients (See Fig. 11.1)

When working with patients with breast cancer, a 
comprehensive psychosocial assessment includ-
ing questions about sleep can be helpful. Many 
patients with breast cancer experience depres-
sion, anxiety and/or worsening quality of life in 
addition to sleep disturbances. Providers should 
assess for mood disorders, sleep disorders, and 
side effects of medication in addition to sleep 
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problems, sleep schedule, and behaviors that 
augment sleep disturbances. A clinical interview 
is the gold standard for identification of insomnia 
within cancer populations [117, 118]. However, 
there are recent studies that indicate that extended 
interviews may not be feasible to administer to 
all patients within a busy clinic as extensive 
screening may require too much time [120]. The 
choice of method by which to screen for sleep 
disturbances will, therefore, depend on available 
time and resources.

�Critical Time Points

Given the complex nature of cancer from diagno-
sis through treatment, and potential recurrence/
progression, repeated screening for sleep distur-

bance is recommended. Screening is especially 
important at the following time points: at diagno-
sis, at start of treatment, after treatment comple-
tion, and at recurrence [117, 118]. Periodic 
screening for sleep disturbance should also occur 
during active treatment and during survivorship.

�Screening

Providers can choose from many available tools 
to screen for insomnia, depending on time and 
resources (Fig. 11.1). Simple screening with sev-
eral brief questions takes about 1  minute and 
determines whether additional screening is nec-
essary. We suggest three key questions that briefly 
assess for perceived sleep quality, insufficient 
sleep, and OSA:

Critical Time
Points
→

Diagnosis

1 Minute: “Are you having problems falling or staying asleep?”; “Are you
experiencing sleepiness during the daytime?”; “Have you been told that you snore

frequently or do you wake up gasping for air?”

Chemotherapy, Radiation, Hormone
Therapy

Start, Regularly During, and End

Survivorship Recurrence/Progression End of Life

5 Minutes : Brief Screening Instruments for Sleep Disturbances
lnsomnia: Insomnia Severity Index

10-20 Minutes: Structured Clinical Interview for Sleep Disorders

- Diffculty falling asleep, staying
asleep, or waking up early?
-How long aymptoms lasting?
-Previous treatment?
-Do they have enough time to
sleep?

Nature of Sleep Complaints:

Daily Sleep
Schedule

Psychiatric Review of
Systems

Step 1:
Cognitive Behavioral Therapy – Insomnia

Step 2:
Consider addition of Pharmacotherapy

Medical history including
assessment of treatment side effects

Consider Mind/Body Complementary Interventions

Concurrent management
of insomnia/sleep

disturbances along with
psychiatric comorbidities,

treatment side effects,
poor sleep hygiene

behaviors with
combination of evidence

based interventions

*Note: Providers should
refer to a sleep specialist
for a possible sleep study
if there are concerns for

OSA, periodic limb
movements, restless legs

syndrome, narcolepsy
disorder etc..S
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60-90 Minutes + Sleep Diary: Sleep Specialist/Behavioral Medicine

Fig. 11.1  Algorithm for assessment, management, and treatment for sleep disturbances and insomnia in breast cancer 
patients
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	1.	 “Are you having problems falling or staying 
asleep?”

	2.	 “Are you experiencing sleepiness during the 
daytime?”

	3.	 “Have you been told that you snore frequently 
or do you wake up gasping for air?”

If a provider has 5 minutes, there are several 
brief screening instruments which providers can 
administer while a patient is in the office. To 
assess for insomnia, providers can use screen-
ing tools such as the Sleep Condition Indicator 
[121] or the Insomnia Severity Index (ISI) [122, 
123]. The ISI has been widely used to assess not 
just insomnia symptoms but clinical improve-
ment throughout treatment [123] and has been 
validated in cancer populations [124]. If the 
patient reports or the provider has concerns 
about potential OSA, the STOP-BANG [125] 
may be used. If the provider has 10–20  min-
utes to complete a screening/assessment for 
sleep disturbances and disorders, the Structured 
Clinical Interview for Sleep Disorders (SCISD) 
[126] can be administered (available at https://
insomnia.arizona.edu/SCISD). The SCISD is 
an 8-page questionnaire which assesses for a 
variety of sleep disorders, including insomnia, 
hypersomnia, obstructive sleep apnea, periodic 
limb movements, and several other sleep disor-
ders based on DSM-5 criteria [53].

Some cancer centers may have the benefit of 
social work, behavioral medicine, or sleep spe-
cialists available to conduct full-length assess-
ments, which may take 60 to 90  minutes to 
complete. If this resource is available, medical 
providers may find it useful to complete an initial 
screen with standardized measures then refer to 
a social worker or other trained clinicians who 
can conduct an in-depth interview. The in-depth 
interview should include information about the 
nature of the sleep complaints, daily bedtime rou-
tines, impact of sleep symptoms on functioning, 
as well as a full psychiatric review of systems to 
assess for comorbid anxiety and or depression. In 
addition to the in-depth interview, a sleep diary 
may also be helpful to the assessment [127]. 
Sleep diaries are the gold standard for measur-
ing subjective sleep and serves as a daily pro-

spective self-monitoring tool. Patients use sleep 
diaries to report a wide range of information 
about their sleep including time they get in bed, 
time until they fall asleep, awakenings overnight, 
and when they wake up and get out of bed in the 
morning [127–129]. It may be helpful to provide 
patients with instructions on how to fill out the 
sleep diary prior to the patient’s visit with a social 
worker or behavioral medicine/sleep special-
ist so that the provider conducting the in-depth 
assessment can collect and use as a part of their 
assessment. Polysomnography is considered the 
gold standard of objective sleep measurement; 
however, many providers will also use actigraphy 
(movement-based devices). It is important to note 
that actigraphy is different than many of the wear-
able devices publicly available. Wearable devices 
such as Fitbits, Apple watches, and other devices 
have been compared to these gold-standard mea-
sures of sleep, but with limited validation [130]. 
With the current state of the research, there is not 
enough evidence to support their use in clinical 
science, however, in the near future with more 
data, they may replace actigraphy.

�Treatments

If sleep concerns are identified during the 
screening process, there are several treatment 
paths providers can take. Patients at risk for OSA 
or periodic limb movements based on initial 
screening measures should be referred to sleep 
centers for additional evaluation, and poten-
tial sleep study should be considered. Patients 
should be provided with information regarding 
the diagnoses under consideration. In addition 
to treating sleep disturbances, managing other 
conditions that interfere with sleep is necessary. 
These include pain, hot flashes, and side effects 
of cancer and its treatment. If sleep disturbance 
is identified and local resources do not include 
CBT-I, using a stepped care approach is recom-
mended for patient education [93, 131]. One 
program targeted for cancer patients, the Sleep 
Training Education Program (STEP) model, 
demonstrated that providing psychoeducation, 
video, or self-help versions of CBT-I may be 
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effective for many patients as the first step of 
intervention [131]. If there are persistent sleep 
issues after 4 or 8  weeks following the STEP 
intervention, CBT-I administered by an expe-
rienced professional should be considered. 
Providers should review the risks and benefits 
with patients regarding the addition of medica-
tion as an adjunct to CBT-I when warranted. 
Further, mind-body interventions may be avail-
able, such as yoga, that patients can engage in 
combination with CBT-I, but should be discussed 
with the sleep specialist or behavioral medicine 
provider to ensure that approach is not contrain-
dicated, as some forms of yoga may exacerbate 
muscle soreness or joint pain.

�Conclusion

Sleep disturbances, including poor sleep qual-
ity, insufficient sleep, and sleep disorders, are 
common among patients with breast cancer 
and often persist long after treatment and well 
into recovery. Sleep disturbances are associ-
ated with negative outcomes including poorer 
quality of life and higher risk for mortality. 
With the high prevalence rates, negative short- 
and long-term consequences, and complex 
nature of sleep disturbances, it is important to 
assess for them throughout cancer survivorship 
including diagnosis, treatment, recovery, and 
potential recurrence. This is particularly true 
for patients with breast cancer as they are at 
higher risk for sleep disturbances due to side 
effects of both cancer and treatment. Several 
treatments that have been found effective for 
treatment of sleep disorders have also been 
found to improve other variables associated 
with quality of life including pain, depres-
sion symptoms, and menopause symptoms. 
Unfortunately, access to trained providers is 
often a significant barrier to receiving the gold 
standard insomnia treatment, CBT-I. There is a 
growing body of research supporting a stepped 
care approach to the treatment of insomnia that 
start patients with the least restrictive interven-
tions, such as a psychoeducation workshop or 
self-help intervention. If after several weeks, 

patients continue to report sleep disturbances, 
referral to sleep medicine specialist may be 
necessary.
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Depressive and Anxiety Symptoms 
and Disorders

Caroline S. Dorfman, Nicole A. Arrato, 
Sarah S. Arthur, and Barbara L. Andersen

�Introduction

Psychological distress—anxiety and/or depres-
sion—is prevalent for breast cancer patients 
throughout the survivorship trajectory, includ-
ing diagnosis, during treatment, and in the ini-
tial recovery year [1–3]. For the majority, 
symptoms remit [4]; for others, especially those 
with a prior history of anxiety or mood disor-
ders, symptoms may persist or may reemerge 
following an initial decline [5–7]. A small but 
significant portion of breast cancer survivors 
will meet Diagnostic and Statistical Manual of 
Mental Disorders 5 (DSM-5) diagnostic criteria 
for anxiety and depressive disorders. Screening 

for anxiety and depressive disorders is crucial, 
as these disorders have been shown to impact 
quality of life, treatment adherence (e.g., aro-
matase inhibitors), adherence to recommended 
follow-up care, subjective perception of physi-
cal symptoms, and survival [8–10].

In this chapter, recommendations for assess-
ment of symptoms of anxiety and depression 
are discussed as is a review of the cardinal 
symptoms of anxiety and depressive disorders. 
Recommendations for appropriate triage, refer-
ral, and intervention are also provided.

�Screening for and Assessing 
Symptoms of Anxiety 
and Depression

The high prevalence of anxiety and depressive 
symptoms underscores the need for distress 
screening at diagnosis and throughout the survi-
vorship trajectory and has been prescribed by 
accreditation bodies [e.g., American College of 
Surgeons Commission on Cancer (CoC)] and 
professional standards [11–14]. For example, 
CoC guidelines mandate routine screening using 
published, standardized, validated assessment 
measures with preference for ones with clinical 
cutoffs/symptom severity grading [11]. The 
American Society of Clinical Oncology (ASCO) 
provides specific guidelines (see Tables 12.1 and 
12.2) including recommended assessment mea-
sures, patient characteristics that may co-occur 
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with high symptom levels (e.g., history of 
depression or anxiety), and referral pathways for 
specific treatments [12].

ASCO recommends the Patient Health 
Questionnaire-9 (PHQ-9) [15] to assess depres-
sive symptoms and the Generalized Anxiety 
Disorder 7-item scale (GAD-7) [16] to assess 
anxiety symptoms (see Box 12.1). Both the 
PHQ-9 and GAD-7 have data supporting 
acceptability by patients, ease of interpretation 
by staff, utility in medical settings (e.g., pri-
mary care), and confirmed reliability and valid-
ity in relationship to psychiatric diagnosis 
decisions [15–20]. The PHQ-9 asks patients to 
report on the frequency of nine symptoms (e.g., 
“feeling down, depressed, or hopeless”; “feel-
ing tired or having little energy”; “poor appe-
tite or overeating”; “trouble falling or staying 

asleep or sleeping too much”) in the last 
2 weeks using a Likert scale from 0 “Not at all” 
to 3 “Nearly Every Day.” Symptoms assessed 
on the PHQ-9 map onto the nine Diagnostic 
and Statistical Manual of Mental Disorders IV 
(DSM-IV) [21] diagnostic criteria for Major 
Depressive Disorder (e.g., depressed mood, 
anhedonia, sleep problems, poor appetite, or 
overeating). The GAD-7 evaluates the pres-
ence and severity of seven symptoms (e.g., 
“feeling nervous, anxious, or on edge”; “not 
being able to stop or control worrying”; “trou-
ble relaxing”; “feeling afraid as if something 
awful might happen”) that map onto the 
DSM-IV criteria for Generalized Anxiety 
Disorder (e.g., feeling nervous, anxious or on 
edge, worrying too much about different 
things). Patients respond using a Likert scale 

Table 12.1  American Society of Clinical Oncology recommendations for the management of symptoms of 
depression

Recommendations based on symptom severity

Screening

None/mild
(PHQ-9: 0–9)
No or minimal symptoms 
of depression

Moderate
(PHQ-9: 10–14)
Subthreshold depressive 
symptoms; functional 
impairment from “mild” to
“moderate”

Moderate-severe/severe
(PHQ-9: 15–19) (PHQ-9: 
20–27)
Has most depressive symptoms; 
symptoms interfere moderately 
to markedly with functioning

Treatment 
recommendations

Offer referral to supportive 
care services; provide 
education and information 
about:
• ��Stress management
• ���Sources of informational 

support
• ���Supportive care services 

(e.g., support groups)
• ���Financial support
• ���Symptom management
• ���Non-pharmacological 

interventions (e.g., 
physical activity, 
nutrition)

Low intensity intervention 
options
• ���Individually guided 

self-help (or computerized) 
based on CBT

• ���Group-based CBT for 
depression

• ���Psychosocial interventions 
(group)

• ���Structured physical activity 
program

High intensity intervention 
options
• ���Individual psychological 

interventions (e.g., CBT, ACT)
• ���Pharmacotherapy (e.g., SSRIs)

Follow-up and 
ongoing 
reassessment

• ��Assess follow-through and adherence with individual or group 
psychological/psychosocial referrals and satisfaction with 
services

• ��Assess adherence to pharmacologic treatment, concerns about 
side effects, and satisfaction with symptom relief

• ��Create plan to improve adherence to treatment as necessary 
including plans to reduce barriers or offer alternative treatments

• ��Make changes to medications/therapy recommendations if 
symptom reduction and satisfaction with treatment are poor 
after 8 weeks

Note: PHQ-9 Patient Health Questionnaire 9-symptom Depression scale [15]
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similar to the PHQ-9 with responses ranging 
from 0 “Not at all” to 3 “Nearly Every Day.”

Both the PHQ-9 and GAD-7 have well-
established cut-points (see Box 12.1). While the 
traditional cutoff for the PHQ-9 is ≥10 [15], 
ASCO has recommended a cutoff score of ≥8 
based on research with cancer outpatients [12]. 
The established vs. recommended cutpoints for 
the PHQ-9 and GAD-7 will be referred to 
throughout this chapter. Adapted from the ASCO 
recommendations [12], Tables 12.1 and 12.2 pro-
vide guidance for further diagnostic assessment 
and referral for patients with scores on the PHQ-9 
and GAD-7 in the moderate to severe range.

Other measures have been used, but col-
lectively they are limited in their ability to 
detect symptomatology at the highest (mod-
erately severe, severe) levels, which are more 

likely to be indicative of anxiety or depres-
sive disorders [17, 22]. The Hospital Anxiety 
and Depression Scale (HADS) [23] and the 
National Comprehensive Cancer Network 
(NCCN) Distress Thermometer and Problem 
Checklist are two examples [13]. The NIH-
Sponsored Patient Reported Outcomes 
Measurement Information System (PROMIS) 
Emotional Distress Short Forms [24] are 
labeled “emerging measures” by the American 
Psychiatric Association, but as of yet lack sup-
porting validity data. Additional research is 
needed to understand their ability to identify 
patients with anxiety and depressive disorders. 
The PROMIS measures may reliably iden-
tify individuals with chronic illnesses screen-
ing positive for anxiety and depression on the 
PHQ-9 and GAD-7 [25, 26].

Table 12.2  American Society of Clinical Oncology recommendations for the management of symptoms of anxiety

Recommendations based on symptom severity

Screening

None/mild
(GAD-7: 0–4, 5–9)
No or mild symptoms of 
anxiety; no/minimal 
functional impairment

Moderate
(GAD-7: 10–14)
Functional impairment from 
mild to moderate

Moderate-severe/severe
(GAD-7: 15–21)
Symptoms interfere 
moderately to markedly with 
functioning

Treatment 
recommendations

Offer referral to supportive 
care services; provide 
education and information 
about:
• ���Stress management
• ���Sources of informational 

support
• ���Supportive care services 

(e.g., support groups)
• ���Financial support
• ���Symptom management
• ���Non-pharmacological 

interventions (e.g., 
physical activity, nutrition)

Low intensity intervention 
options
• ���Education and active 

monitoring
• ���Nonfacilitated or guided 

self-help (or computerized) 
based on CBT

• ���Psychosocial interventions 
(groups)

High intensity intervention 
options
• ���Individual psychological 

interventions (e.g., CBT, 
applied relaxation)

• ���Pharmacotherapy (e.g., 
SSRIs)

Follow-up and 
ongoing 
reassessment

• ��Assess follow-through and adherence to individual or group 
psychological/psychosocial referrals and satisfaction with 
services

• ��Assess adherence to pharmacologic treatment, concerns about 
side effects, and satisfaction with symptom relief

• ��Create plan to improve adherence to treatment as necessary 
including plans to reduce barriers or offer alternative 
treatments

• ��Make changes to medications/therapy recommendations if 
symptom reduction and satisfaction with treatment are poor 
after 8 weeks

Note: GAD-7 Generalized Anxiety Disorder 7-item Scale [16]
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�Diagnostic Criteria for Anxiety 
and Depressive Disorders

Prevalence rates of depression and anxiety differ 
based on time since diagnosis. In the first year 
after breast cancer diagnosis, it is estimated that 
50% of women will meet diagnostic criteria for an 
anxiety or depressive disorder, with co-occurrence 
common [27, 28]. Prevalence estimates are 25% 
in the second, third, and fourth years since diag-
nosis, and 15% in the fifth year [29–32]. There is 
a low base rate (5%) of “late onset” anxiety and 
depressive disorders [33], excepting those with a 
pre-cancer psychiatric history. Long-term depres-
sion and anxiety are more common for those with 
previous psychological treatment, lack of an inti-
mate confiding relationship, younger age, and 
severely stressful non-cancer life experiences [4, 
30]. Maintenance of symptoms is also predicted 
by high initial subjective stress (i.e., self-reported 
perceived stress and emotional distress) or 
appraisals of one’s life as stressful [34].

Depression

The most common depressive disorders are major 
depression, persistent depression, and adjustment 

disorder [9]. The cardinal symptoms of major 
depressive disorder (MDD) are depressed mood 
and a markedly diminished interest or pleasure in 
activities, i.e., anhedonia. In breast cancer survi-
vors, these symptoms may co-occur with sexual 
dysfunction, infertility, and feelings of isolation 
[35]. Other symptoms of MDD are significant 
weight gain or loss, a slowing down of thought 
and physical movement, fatigue, feelings of 
worthlessness or guilt, cognitive difficulties, and 
recurrent thoughts of death. To be diagnosed with 
MDD, five or more of these symptoms must 
occur nearly all day, every day, for a 2-week 
period. Also, the individual must voice signifi-
cant distress due to the symptoms or have impair-
ment in social, occupational, or other major life 
areas. Further, the symptoms must not be a result 
of substance abuse or another medical condition 
(i.e., due to a disease-specific process) [36]. 
When examining psychiatric disorders in breast 
cancer survivors, one must differentiate between 
symptoms of depression/anxiety and those of 
cancer/treatment. Thus, it is important to either 
use diagnostic tools that allow for making this 
distinction, or to refer to qualified mental health 
specialists to do so [37].

Persistent depressive disorder (PDD) presents 
very similar symptoms as described above, but 
lasts for at least 2 years. During the 2-year period, 
the patient must not have been without the symp-
toms for more than 2  months at a time [36]. 
Adjustment disorder is defined as the develop-
ment of emotional or behavioral symptoms in 
response to an identifiable stressor (such as can-
cer), evidenced by marked distress that is out of 
proportion to the stressor’s intensity and/or caus-
ing significant impairment in functioning [36]. 
Adjustment disorder may be diagnosed when a 
patient does not meet criteria for another disorder 
such as MDD. Breast cancer survivors adjusting 
to a new set of stressors and living many years 
post-diagnosis may meet criteria for these disor-
ders, but data for these more nuanced depressive 
disorders are scarce, and it is unknown whether 
they are a product of cancer-related phenomena 
or other stressors (e.g., other chronic illnesses of 
aging, partner loss, etc.) [9, 38].

Box 12.1 PHQ-9 and GAD-7 Scores and 
Symptom Severity Classifications

Patient Health Questionnaire-9 
(PHQ-9)
 �� Score 0–4: Minimal
 �� Score 5–9: Mild
 �� Score 10–14: Moderate
 �� Score 15–19: Moderately 

Severe
 �� Score 20–27: Severe

Generalized 
Anxiety 
Disorder-7 
(GAD-7)
 �� Score 0–4: 

Minimal
 �� Score 5–9: 

Mild
 �� Score 10–14: 

Moderate
 �� Score 15–21: 

Severe
The full versions of the PHQ-9 and GAD-7, as well 
as administration and scoring instructions, can be 
accessed online at www.phqscreeners.com.
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Anxiety

After cancer treatment, anxiety often persists 
for a decade or more [39]. The most commonly 
diagnosed anxiety disorder is generalized anxiety 
disorder (GAD), which is characterized by exces-
sive anxiety or worry that is difficult to control 
and impairs function, along with at least three of 
the following present for 6 months: restlessness, 
fatigue, difficulty concentrating, irritability, mus-
cle tension, and sleep disruptions [36]. Another 
anxiety disorder is panic disorder (PD), involving 
sudden experiences of intense fear or discomfort, 
which include accelerated heart rate, sweating, 
shortness of breath, and even fear of death [36].

Two circumstances regarding survivors’ anxi-
eties merit mention. One is “fear of recurrence” 
defined as the “fear, worry, or concern relating to 
the possibility that cancer will come back or prog-
ress” [37, 40]. Another is the individual’s feeling 
uncertain about the meaning and purpose of their 
life following cancer [39]. For both, the difference 
between realistic, normative worries about recur-
rence and life after cancer versus pathological 
worry is the degree to which the worry impacts 
the individual’s daily functioning and leads to 
avoidance of normal activities or responsibilities.

Considering the fact that depressive and anxi-
ety disorders are largely underrecognized and 
undertreated in this population [35], prevalence 
rates are likely higher than the literature suggests 
(depression, 16%; anxiety, 10%) [41]. Beyond 
formal diagnoses, an even greater number of 
breast cancer survivors experience subclinical 
symptoms of depression or anxiety [1–3].

Often, depressive and anxiety symptoms and 
disorders co-occur [42]. Two-thirds of patients 
with cancer who are diagnosed with a depressive 
disorder meet criteria for the mixed depression/
anxiety phenotype [43], and a large portion of 
anxious patients experience depressive symp-
toms. While one disorder often contributes to the 
other, their diagnostic symptom overlap (i.e., 
fatigue, cognitive difficulties) must be consid-
ered. If comorbid diagnoses are detected, the rec-
ommendation is to treat the depression first [12].

�Referral and Treatment in Clinical 
Settings

�Triage and Referral

If moderate or severe symptomatology is detected 
based on patients’ self-reports on the PHQ-9 or 
GAD-7 (see Box 12.1), further assessment is 
needed to determine the presence of an anxiety or 
depressive disorder [12]. Diagnosis with inten-
tion of providing referral for subsequent treat-
ment will lead to optimal management of 
symptomatology. Failure to identify and treat 
anxiety and depression—particularly in the 
ranges discussed (see Tables 12.1 and 12.2)—
will eventuate in survivors’ increased morbidity 
and mortality [44–46]. Depression and greater 
depressive symptoms are associated with nonad-
herence to adjuvant endocrine therapy [10] and 
thus increased risk for recurrence and premature 
death [47, 48]. Studies have similarly shown 
breast cancer survivors with high levels of anxi-
ety to have poor adherence to adjuvant endocrine 
therapy [49].

Box 12.2 What to Look for: Cardinal 
Symptoms of MDD and GAD

MDD GAD
Depressed mood Excessive anxiety 

or worry (difficult 
to control and 
impairs function)

Markedly diminished 
interest or pleasure in 
activities (anhedonia)

Restlessness

Significant weight gain or 
loss

Fatigue

Slowing down of thought 
and physical movement

Difficulty 
concentrating

Fatigue Irritability
Feelings of worthlessness 
or guilt

Muscle tension

Cognitive difficulties Sleep disruptions
Recurrent thoughts of 
death
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Implementation of psychological screening, 
referral for treatment, and continued follow-up is 
a multi-level process. As approaches for screen-
ing and the resources available for managing 
depression and anxiety may differ across prac-
tices and institutions, it is important to under-
stand the screening and referral processes in your 
place of practice. If needed or not being con-
ducted routinely, consider implementing screen-
ing in your own practice setting using assessment 
measures like those described previously (i.e., 
PHQ-9, GAD-7). Next, it is important to identify 
referral resources within your institution and/or 
in the community, including appropriately trained 
individuals who can conduct comprehensive 
diagnostic assessments and/or deliver empiri-
cally supported non-pharmacologic (e.g., cogni-
tive behavior therapy, behavioral activation) 
treatments (e.g., psychologists, social workers) 
as well as providers who can manage pharmaco-
logic treatments (e.g., psychiatrists, nurse practi-
tioners). Referral pathways may or may not be 
established. National organizations, including the 
Association for Cognitive and Behavioral 
Therapy, American Psychological Association, 
and American Psychiatric Association as well as 
oncology-specific organizations (e.g., American 
Psychosocial Oncology Society, Cancer Support 
Community) may serve as resources for connect-
ing with community clinicians. For example, the 
Cancer Support Community operates a helpline 
staffed by counselors and resource specialists 
who can provide information and referral to 
local, regional, and national resources [50]. Prior 
screening of the possible referral sources is 
important to find those familiar with cancer and 
its treatment and who provide empirically sup-
ported depression and/or anxiety treatment.

A practical implication of screening and refer-
ral is that strong patient-provider rapport and 
follow-up are key. This means collaborating with 
the patient as soon as possible for a plan for fur-
ther mental health evaluation and eventual treat-
ment that can also accommodate patients’ prior 
experiences and current economic status. Many 
patients presenting with severe anxiety/depres-
sive symptoms during survivorship will have had 
prior episodes of depression, with or without 
anxiety. These patients might return to a previous 

mental health provider if such services were sat-
isfactory. If new to mental health treatment, 
patients will need information about the provider 
to whom she/he is referred. Continued support by 
the patients’ medical team (e.g., oncology team if 
the patient is continued to be followed in this set-
ting; patients’ primary care provider) will be vital 
for reducing obstacles to treatment and ensuring 
patients’ adherence and treatment success.

Even when a referral is made, it is common for 
persons with depressive symptoms to lack the 
motivation necessary to follow through on referrals 
and/or to adhere to treatment recommendations. 
Relatedly, cautiousness and a tendency to avoid are 
cardinal features of anxiety pathology. Thus, it is 
critical to monitor patients’ adherence to mental 
health referrals and services [12]. Other factors 
which will impede an individual’s adherence to 
treatment are not having a spouse or significant 
other, living alone or in a care facility, and/or lim-
ited financial means [51–54]. As oncology provid-
ers may be limited in their ability to follow survivors 
in the long-term, a multidisciplinary approach to 
follow up care may be beneficial. For example, 
involving social workers or patient navigators at 
your cancer center or the patients’ primary care 
provider may help to promote follow-up and adher-
ence to mental health treatment. If adherence is 
poor, these individuals may engage the patient in 
problem-solving barriers to care and creating a 
plan for participating in mental health treatment.

Box 12.3 Steps for Triage and Referral

Step 1: Identify and screen possible referral 
sources with knowledge of oncology and 
training in empirically supported treatments for 
anxiety and depression.
Step 2: Routinely assess patients’ symptoms of 
anxiety and depression using the PHQ-9 and 
GAD-7.
Step 3: Refer patients whose scores fall in the 
moderate-severe or severe ranges for additional 
psychological assessment. If diagnoses are 
present, identify providers with expertise with 
cancer patients (ideal) and providing empirically 
supported treatments (essential).
Step 4: Monitor patients for referral adherence. 
Offer assistance and help patients problem-solve 
barriers to receiving treatment.
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�Interventions for Depression 
and Anxiety

�Standard Care
As standard care, psychoeducation and physical 
exercise interventions are two important and uni-
versally applicable resources that have been 
found effective in the context of randomized clin-
ical trials.

Psychoeducation
Providing relevant information can improve 
patients’ quality of life, increase knowledge and 
feelings of preparedness, and reduce cancer-
related stress and symptoms [55–57]. Readily 
available educational brochures and pamphlets, 
discussion of typical emotional and physiological 
symptoms common during treatment, and over-
view of available supportive care services are 
crucial. This information provides awareness of 
common problems and emotional and physiolog-
ical symptoms and prompts engagement and cop-
ing. The National Institute of Mental Health 
(NIMH) has various psychoeducational resources 
available online that can be printed and provided 
to patients (e.g., Chronic Illness and Mental 
Health: Recognizing and Treating Depression 
[58]; Depression Basics [59]; 5 Things You 
Should Know about Stress [60]). Additionally, 
the American Cancer Society (ACS) has devel-
oped patient-directed brochures and pamphlets 
for coping with the psychosocial impact of can-
cer treatments (e.g., Getting Help for Distress 
[61]; When Cancer Comes Back [62]); these 
resources are available in both print and online 
formats.

Exercise Interventions
Physical exercise interventions can have benefi-
cial effects on physical health (e.g., increases in 
muscle strength and endurance, improvements in 
blood pressure), symptoms (fatigue reduction), 
and mental health (mood improvement) [55]. A 
meta-analysis of 40 exercise interventions 
designed for cancer survivors found that increases 
in weekly aerobic exercise were associated with 
reductions in depressive symptoms [63]. 
Importantly, greater effects occurred when exer-
cise sessions were conducted with trained profes-

sionals. Oncologists have a “teachable moment” 
that can improve survivors’ health and well-being 
by discussing the safety and feasibility of an 
exercise plan and providing information on avail-
able programs in their community (e.g., 
Livestrong at the YMCA; the SilverSneakers pro-
gram included with many Medicare Plans).

�Psychotherapy
Treatment of patients’ anxiety and depressive 
symptoms beyond standard care (e.g., informa-
tional and financial support, guidance regarding 
physical activity and nutrition) has immediate 
benefits and may improve long-term health and 
disease outcomes [64–66]. For breast cancer sur-
vivors coping with moderate to severe symptoms 
of anxiety and/or depression, psychotherapy 
(e.g., cognitive behavioral therapy, acceptance 
and commitment therapy) is indicated (see Tables 
12.1 and 12.2). Depending on the extent of survi-
vors’ symptoms and needs, the intensity of inter-
vention may differ. Although “low” and “high” 
intensity interventions often share content, they 
can be differentiated by factors such as the deliv-
ery setting, number of sessions, length of treat-
ment, and format. Typically, low intensity 
interventions have fewer sessions and/or occur 
over a shorter period of time and may include 
several topics designed to enhance quality of life 
(e.g., stress reduction, problem-solving, social 
support). Intervention formats can vary from 
group-based therapies led by a licensed mental 
health practitioner to self-guided or online pro-
grams. High intensity treatments for anxiety or 
depressive disorders are manualized empirically 
supported treatments, typically delivered face-to-
face, by a licensed mental health provider (e.g., a 
PhD-level clinical psychologist).

Cognitive Behavioral Therapy  Among psy-
chotherapies, the most successful and extensively 
studied treatment for anxiety and depressive dis-
orders is cognitive behavioral therapy (CBT) 
[67–70]. Even among patients with severe 
depressive symptomology, several studies [71, 
72] have found CBT to be effective during the 
acute phase of treatment, and, when compared to 
pharmacotherapy, patients who receive CBT 
have been found to be at lower risk for relapse 
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than those treated with medication [73]. For some 
patients, the lower risk of relapse was sustained 
for as long as 2 years. For the treatment of gener-
alized anxiety disorder (GAD), few randomized 
clinical trials (RCTs) have compared anxiolytic 
medications to CBT.  Of those that have, CBT 
outperforms medications [74]. However, this 
conclusion is limited by the fact that benzodiaz-
epines have been the primary drug with which 
CBT has been compared. Meta-analytic reviews 
demonstrate that CBT for GAD is superior to 
other treatments and conditions, such as wait-list 
conditions, no treatment control conditions, non-
directive therapy, and pill placebo conditions 
[74].

Because breast cancer survivors can greatly 
benefit from CBT for anxiety and depressive dis-
orders, it is important that providers are able to 
describe what is typically included in the treat-
ment prior to making referrals.

•	 Components of CBT for depressive disorders: 
(i) behavioral activation to increase engage-
ment in daily activities; (ii) change negative, 
automatic thoughts; (iii) identify and change 
core beliefs and schema that underlie persis-
tent, negative attitudes.

•	 For cancer survivors with depressive symp-
toms, CBT targets distorted cognitions and 
feelings of helplessness and/or pessimism 
about the future.

•	 Components of CBT for GAD: (i) attend to 
internal and external cues that precede worry; 
(ii) use progressive muscle relaxation exer-
cises to prevent and/or reduce symptom 
bother; (iii) change negative, automatic 
thoughts.

•	 For cancer survivors with GAD, CBT identi-
fies and targets specific worries and addresses 
the common problem of overestimating the 
likelihood of negative events (e.g., the risk of 
recurrence/progression).

CBTs can be delivered in person, with printed 
materials, or remotely (e.g., via telephone, video-
conferencing). A meta-analysis by Mayo-Wilson 

and Montgomery [75] of CBT for anxiety deliv-
ered via printed materials or other remote meth-
ods found support for improved symptoms of 
anxiety compared to no treatment/standard care. 
The findings were less compelling for reductions 
in depressive symptoms, as the short- and long-
term effectiveness of these interventions need to 
be further studied in trials with larger samples. 
Overall, low intensity interventions can be a first-
line treatment for breast cancer survivors with 
mild/moderate symptoms of depression or anxi-
ety, whereas, at present, face-to-face CBT is rec-
ommended for individuals with moderate to 
severe symptomology.

Third-Wave Cognitive Behavioral Therapies  
Variants of CBT, known collectively as “third-
wave” therapies, such as Acceptance and 
Commitment Therapy (ACT) and mindfulness-
based therapies, have been used to treat anxiety 
and depressive symptoms, and there is early data 
suggesting utility for cancer survivors [76, 77].

•	 Components of ACT: (i) change the relation-
ship individuals have with unwanted or feared 
thoughts, feelings, memories, and physical 
sensations; (ii) increase focus on the present 
moment; (iii) clarify goals and values and 
commit to behavioral change strategies.

•	 Components of mindfulness-based therapy 
protocols vary, but can include (i) attending to 
bodily sensations and emotional discomfort; 
(ii) using mindfulness practices such as walk-
ing meditation, body scan, or yoga exercises; 
and (iii) distancing from dysfunctional thought 
processes and recognizing that thoughts are 
not facts.

•	 Both ACT and mindfulness-based therapies 
address tendencies to avoid distressing 
thoughts and symptoms associated with can-
cer diagnosis and treatment through 
mindfulness and acceptance exercises and 
encourage the pursuit of valued goals.

�Pharmacotherapy
Cancer survivors report medication use for symp-
toms of depression and/or anxiety at rates that are 
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nearly two times those of adults without a cancer 
history [78]. Although pharmacologic treatments 
are commonly prescribed by oncologists, there 
are few studies supporting this general practice as 
effective. A 2018 meta-analysis of seven RCTs 
assessed the efficacy of using antidepressants for 
treating depression in cancer patients. The major-
ity of trials compared antidepressants to placebo, 
while a few included head-to-head comparisons 
among several antidepressants. The authors 
found only minimal evidence for the effects of 
antidepressants compared to placebo [79]. 
Additionally, they concluded that more head-to-
head trials are needed to inform the choice of 
which antidepressant (e.g., SSRI vs tricyclic anti-
depressant) to prescribe to patients. As for the 
treatment of anxiety symptoms, benzodiazepines 
and SSRIs are two of the most commonly pre-
scribed treatments. A review by Traeger and col-
leagues (2012) of evidence-based treatments for 
anxiety in cancer patients identified three RCTs 
supporting the use of benzodiazepines for treat-
ing acute anxiety when compared to relaxation or 
standard care, while a fourth RCT found no evi-
dence for the longer-term use of benzodiazepines 
when compared to placebo [69]. Additionally, the 
authors found that evidence from nine RCTs of 
antidepressants that included anxiety as an out-
come provide mixed evidence for the use of anti-
depressants for longer-term anxiety treatment, 
while noting that many of the trials did not inves-
tigate doses that are considered therapeutic. More 
research is needed to demonstrate the efficacy of 
pharmacotherapy in cancer survivors and to 
inform best clinical practice. Thus, health care 
providers should use caution when considering 
pharmacotherapy in this population. Although 
pharmacotherapy is listed as both a low and high 
intensity treatment option in the ASCO guide-
lines for treatment of anxiety and depressive 
symptoms, this option should primarily be con-
sidered for survivors with high symptomatology 
on the PHQ-9 and/or GAD-7 (e.g., scores >15; 
see Tables 12.1 and 12.2) and meeting DSM-5 
criteria for a depressive/anxiety disorder and 
after discussing all treatment options.

Because very little information is available to 
inform the use of pharmacologic treatment in this 

population, providers choosing this form of treat-
ment must consider the following:

•	 Side effect profiles of the medications
•	 Tolerability of treatment, including the poten-

tial for interaction with other current medica-
tions (e.g., certain SSRIs, such as fluoxetine 
and paroxetine, may impact the metabolism of 
Tamoxifen, so caution is advised when coad-
ministering these drugs) [80]

•	 Prior response to treatment
•	 Individual preference

It is common for individuals with symptoms 
of depression and/or anxiety to experience prob-
lems with adherence to mental health treatment 
recommendations and follow-up, as described 
previously; providers should monitor survivors 
regularly for adherence, concerns about adverse 
effects, and satisfaction with symptom relief 
[12]. Additionally, prior to being prescribed 
antidepressant or anxiolytic medication, sur-
vivors need information about other treatment 
options (e.g., psychological treatments) as some 
may be reluctant to take additional medica-
tions. Providers should also work with patients 
towards the goal of short-term use of certain 
medications, such as benzodiazepines in the 
treatment of anxiety, which are associated with 
an increased risk for dependence and/or abuse 
as well as certain adverse effects, such as cogni-
tive impairment [81].

�Conclusions

While ASCO outlines methods for screening for 
anxiety and depression symptoms [12], cancer 
patients with mood and anxiety disorders are 
infrequently identified. A 2016 study of more 
than 1200 adult cancer survivors found less than 
one-third reported having a detailed discussion 
with their provider about their emotional needs 
during survivorship care [82]. These results echo 
prior research suggesting that despite the high 
prevalence of symptoms of anxiety and depres-
sion among cancer survivors, discussions about 
emotional support are rare [83]. Even when iden-
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tified, few patients receive appropriate treatment. 
This is highlighted by a recent study examining 
treatments received by cancer patients with major 
depressive disorder. At the time of the study, 73% 
were not receiving any psychological or pharma-
cologic treatment, with only 5% receiving psy-
chotherapy of any kind [84]. The absence of 
treatment brings added sequelae including lower 
quality of life, greater symptom distress, mal-
adaptive coping, and poor adherence to treatment 
and recommended follow-up care. Thus, it is 
imperative for oncology providers to routinely 
assess for symptoms of anxiety and depression 
and provide appropriate follow-up care for 
patients endorsing significant symptomatology.

The following summary points are provided:

	1.	 Psychological distress is common for breast 
cancer survivors, and a significant number of 
women will meet diagnostic criteria for anxi-
ety and mood disorders.

	2.	 Prevalence rates of anxiety and depressive 
disorders differ based on time since diagnosis, 
with rates decreasing over time.

	3.	 It is important to screen for and assess symp-
toms of anxiety and depression throughout the 
survivorship trajectory.

	4.	 The PHQ-9 and GAD-7 are well-validated 
self-report measures that map onto the diag-
nostic criteria for major depressive disorder 
and generalized anxiety disorder, respectively. 
Scores in the moderate-severe range on these 
measures warrant further diagnostic assess-
ment and referral for empirically supported 
treatments.

	5.	 Psychoeducation about symptoms of anxiety 
and depression should be offered to patients 
as standard care.

	6.	 Patients whose symptomatology warrant 
additional treatment should be referred for 
empirically supported treatments delivered by 
appropriately trained individuals with a back-
ground in cancer and its treatments.

	7.	 Psychotherapy (e.g., cognitive behavioral 
therapy) is effective for reducing symptoms, 
and when compared to pharmacotherapy, may 
result in lower rates of relapse.

	8.	 Although pharmacotherapies are commonly 
prescribed to address symptoms of anxiety 
and depression for patients with mild symp-
tomatology, pharmacotherapies may be 
appropriate only for those with the greatest 
symptomatology (e.g., moderate-severe).

	9.	 Adherence to psychotherapy and pharmaco-
therapy and follow-up care may be difficult 
for patients with high symptomatology; pro-
viders should regularly monitor patients for 
adherence, concerns about adverse effects, 
and satisfaction with symptom relief. 
Employing a multidisciplinary approach to 
follow-up care (e.g., involving the patients’ 
primary care provider and/or social workers/
patient navigators available through your 
institution) may help to promote adherence.
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Obesity, Weight Gain, and Weight 
Management

Kirsten A. Nyrop, Jordan T. Lee, Erin A. O’Hare, 
Chelsea Osterman, and Hyman B. Muss

�Introduction

In their 2018 report, the World Cancer Research 
Fund (WCRF) and American Institute for Cancer 
Research (AICR) summarized the strength of 
evidence linking adult body composition and 
weight with risk for specific cancers [1]. The 
report states there is convincing evidence for 
increased risk of cancers of the esophagus, pan-
creas, liver, colorectal, breast (postmenopausal), 
endometrium, and kidney, as well as probable 
evidence for cancers of the mouth/pharynx/lar-
ynx, stomach (cardia), gallbladder, ovary, and 

prostate in obese persons [1]. Other reports have 
similarly identified these cancer sites as adiposity-
related [2].

The World Health Organization (WHO) 
defines overweight and obesity as abnormal or 
excessive fat accumulation that presents a risk to 
health [4]. Body Mass Index (BMI) is a measure 
that uses a person’s height and weight to identify 
individuals with BMI 25–29.9 as overweight, and 
BMI 30 or higher as having obesity. In a review 
of cancer cases attributable to excess body weight 
in the USA [5], the relative risk for every 5-unit 
increase in BMI for cancers of the esophagus was 
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Obesity is quickly overtaking tobacco as 
the leading preventable cause of cancer. As 
many as 84,000 cancer diagnoses each year 
are attributed to obesity, and obesity or 
excess weight contributes up to one in five 
cancer-related deaths. If current obesity 
trends continue, it is estimated there could 
be an additional 500,000 cases of cancer by 
2090.
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RR 1.48 (1.35–1.62) [6], stomach RR 1.31 (1.18–
1.45) [6], gallbladder RR 1.29 (1.20–1.39) [6], 
kidney and renal pelvis RR 1.29 (1.20–1.39) [6], 
pancreas RR 1.14 (1.07–1.21) [7], breast (female, 
postmenopausal) RR 1.10 (1.08–1.12) [6], thy-
roid RR 1.09 (1.04–1.14) [8], multiple myeloma 
RR 1.09 (1.03–1.16) [9], and colorectal RR 1.04 
(1.02–1.06) [10]. Illustrating the particular risk 
for adiposity-related cancers in women who are 
postmenopausal, a meta-analysis of prospective 
observational studies found that for every 5  kg 
(11 pounds) in adult weight gain, relative risks 
were breast cancer 1.11 (1.08–1.13) (no or low 
hormone replacement therapy/HRT users), endo-
metrial cancer among HRT non-users 1.39 (1.29–
1.49) and 1.09 (0.02–1.16) among HRT users, 
and ovarian cancer 1.13 (1.03–1.23) (no or low 
HRT users) [11].

In the USA, it has been estimated that over-
weight or obesity accounted for 40% of all can-
cers diagnosed in 2014 (630,000 persons) – 55% 
in women and 24% in men [12]. In women, rates 
(per 100,000 adjusted for age) for overweight/
obesity-associated cancers also varied by race/
ethnicity: black 226.3 (224.3–228.4), white 223.3 
(221.5–223.1), and Hispanic 188.0 (1.86.0–
189.9). In men, obesity-associated rates were 
black 134.2 (132.3–136.1), white 114.2 (113.6–
114.8), and Hispanic 108.8 (107.1–110.6) [12].

Reflecting recent observations of rising obe-
sity rates in younger people in the USA popula-
tion [13, 14], a recent analysis of SEER data 
from 2000 to 2016 identified a shift towards 
younger age groups in obesity-associated can-
cer (OACs) [15]. It was noted that the percent-
age increase of incident OAC cases in this 
timeframe was highest in the 50–65 age group, 
which is consistent with previous studies show-
ing rising incidence of cancers among younger 
adults [12, 16]. The report also noted concurrent 
decrease in the incidence of OACs among adults 
age 65 and older.

These data illustrate why the substantial evi-
dence of an obesity-cancer link is of growing 
concern in cancer prevention and control, espe-
cially in countries where obesity rates are high 
and rising, as in the USA [17]. The evidence 
regarding risks, outcomes, and interventions is 

most developed in the literature pertaining to 
women with early breast cancer (Stage I–III). 
Primarily with the oncology clinician-patient 
relationship in mind [18], this chapter provides 
an overview of weight trajectories in women with 
early breast cancer, implications for prognosis 
and survival, nutrition and exercise for weight 
management, and the role of oncology clinicians. 
Lessons learned from the breast cancer popula-
tion are illustrative for other types of cancers; 
however, it does not substitute for the need for 
further research specific to other patient 
populations.

�Weight Trajectories After Breast 
Cancer Diagnosis

The earliest studies documenting weight gain in 
women with breast cancer date from the late 
1970s [19], with chemotherapy emerging as a 
central risk factor for weight gain [20–24]. With 
the advent of newer chemotherapy regimens of 
shorter duration, weight gain has continued to 
be observed although at somewhat less dramatic 
levels [25, 26]. In addition to weight, studies 
have documented other treatment-related 
changes in body composition, such as fat mass 
[27–31].

Estimates of weight gain vary widely among 
studies, often depending on methodological fac-
tors such as patient recall versus objective mea-
sures of height and weight, time since breast 
cancer diagnosis if the study is cross-sectional, 
and duration of time when the data are longitudi-
nal. Often, weight gain is reported as an average; 
however, it is important to note that many women 
with early breast cancer do not gain weight and 
even lose weight, which may be lost in reports of 
averages. In a recent chart review of US women 
seen at a university-affiliated hospital (29% non-
white, 82% with hormone receptor positive 
tumors, 16% with HER-2 positive tumors), using 
nurse-assessed weight measures from breast can-
cer diagnosis to 2 years post primary treatment, it 
was found that one-third of study participants had 
relatively stable weight ±2 kilograms (kg), one-
third lost more than 2 kg, and one-third gained 
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more than 2 kg [32]. These findings reflect those 
of other studies reporting weight gain limited to 
about a third of patients [33–38], while other 
studies have reported higher proportions experi-
encing weight gain [31, 39, 40].

In addition to chemotherapy, endocrine treat-
ment (ET) has been identified as a potential risk 
factor for weight gain, albeit with conflicting evi-
dence [41]. Some studies have reported less 
weight gain among women on aromatase inhibi-
tor (AI) therapy as compared to selective 
estrogen-receptor moderators (SERM) such as 
tamoxifen [42]. Other studies have reported that a 
majority of women on AI or tamoxifen do not 
experience weight gain during the first 2 years of 
ET [43, 44]. There has been similarly conflicting 
evidence regarding associations of menopausal 
status with weight trajectories, with some studies 
noting higher risk for weight gain in premeno-
pausal women [22, 32, 34, 45] and others noting 
greater risk in postmenopausal women [23, 46].

Mostly, the focus has continued to be on che-
motherapy as a risk factor [47], especially the 
longer-duration sequential regimens [31, 48] and 
anthracycline-based regimens [39, 49]. In a 
study of French women with early breast cancer, 
average weight gain was 5.1  kg at 18  months 
post-diagnosis [35]. Thirty-six percent of 
patients had greater than 5% weight gain, rang-
ing from 7% of women on docetaxel plus cyclo-
phosphamide to 60% of women on anthracycline 
plus paclitaxel or docetaxel. In a US sample of 
women with early breast cancer, the lowest pro-
portion gaining 2+ kilograms at 2 years post pri-
mary treatment was observed in women who 
received no chemotherapy regardless of type of 
subsequent endocrine treatment (less than 30% 
of these patients gained weight), while the high-
est proportions of weight gain were observed in 
women who received no ET but had either 
anthracycline or non-anthracycline chemother-
apy (42%) [32]. Of particular note in this study 
was that regardless of treatment plan (presence 
or absence of different chemotherapy regimens 
and plus/minus ET), premenopausal women 
gained far more weight than postmenopausal 

women. Although not statistically significant 
(p > 0.05), among women who received anthra-
cycline-based chemotherapy but no ET, 45% of 
premenopausal compared to 38% of postmeno-
pausal women gained 2  kg or more at 2  years 
post primary treatment. Significantly, in women 
who received anthracycline-based chemotherapy 
plus subsequent ET, these percentages were 50% 
and 26% for pre- and postmenopausal women, 
respectively (p = 0.0005).

These findings illustrate the impact that differ-
ent treatment plans may have on the risk for 
weight gain. One hypothesis is that the differen-
tial impact may reflect substantial differences in 
fatigue levels and other toxicities associated with 
specific regimens [50, 51] that may affect the 
ability of patients to exercise during and after pri-
mary treatment. For example, to the extent 
extreme fatigue persists after chemotherapy com-
pletion, some patients may remain sedentary at 
the same time that they are regaining their appe-
tite, thereby creating an energy imbalance. In 
fact, studies have shown that physical activity 
declines in breast cancer survivors, especially in 
black women [52, 53].

These findings underscore the need for further 
research into why premenopausal women are at 
greater risk for weight gain regardless of treat-
ment plan. And, we need a better understanding 
of why some women considered “low risk” for 
weight gain (e.g., postmenopausal on a treatment 
plan that has the lowest proportion of patients 
experiencing weight gain) nevertheless gain sub-
stantial weight despite all efforts to avoid weight 
gain, while other women in “high risk for weight 
gain” treatment plans maintain their weight or 
even lose weight post primary treatment. In the 
interim, the specificity of current information can 
help clinicians address patient questions about 
whether their specific treatment plan and meno-
pausal status may put them at high risk for weight 
gain. It also suggests that weight measurements 
should be routinely collected and monitored at 
follow-up visits, to identify patients at risk of 
gaining unhealthy amounts of weight and to per-
mit timely interventions.
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�Excess Weight, Prognosis, 
and Survival

Many factors contribute to prognosis and survival 
in women with breast cancer, but here we focus 
only on the factor of excess weight.

�Overall Mortality and Survival
Since 1975, the breast cancer mortality rate in the 
USA has declined by 40% largely due to a com-
bination of treatment improvements and rising 
rates of early detection through mammography 
[54]. Five-year survival rates are especially 
promising for women with HR+ tumors – 92% 
for HR+/HER2- and 89% for HR+/HER2+ [55]. 
However, the impact of BMI is seen in a meta-
analysis (21 studies) of HR+ breast cancer which 
reported a pooled hazard ratio for overall survival 
of 1.31 (1.17, 1.46) in women with obesity com-
pared to no obesity [56]. The impact of post-
diagnosis weight gain versus weight maintenance 
was assessed in a meta-analysis (12 studies) 
which reported an increased all-cause mortality 
hazard ratio of 1.12 (1.03, 1.22) for women expe-
riencing >5% weight gain and 1.23 (1.09, 1.39) 
for >10% weight gain [57].

Overall survival rates represent a combination 
of breast cancer and non-breast cancer survival 
rates. Because most women diagnosed with 
breast cancer are above age 60, many have one or 
more comorbidities at diagnosis, and a majority 
die of non-breast cancer causes [58]. To the 
extent women with breast cancer have excess 
obesity, they are more likely to have obesity-
related comorbidities, such as hypertension, dia-
betes mellitus, and cardiovascular disease [59, 
60]. Competing comorbidities, rather than breast 
cancer diagnosis, are more likely to determine 
overall survival [61]. For example, in women age 
65 or older diagnosed with Stage I breast cancer, 
the cumulative incidence of death due to non-
cancer causes is 21.3% compared to 3.7% due to 
breast cancer at 100 months [62]. To the extent 
comorbidities can be managed through medica-
tions and/or lifestyles changes (weight manage-
ment, diet, exercise), there are likely to be 
continued improvements in overall survival rates 
in women with breast cancer.

It is important to note that breast cancer death 
rates in white and black women were similar in 
the mid-1980s, but thereafter diverged dramati-
cally to the point where the mortality rate is now 
40% higher in black women [63]. This disparity 
is reflected in 5-year survival rates (2010–2015) 
for women with HR+/HER2- breast cancer, 93% 
for white and 86% for black women; similarly, 
for HR+/HER2+ breast cancer  – 89% in white 
and 84% in black women [64]. This disparity 
reflects tumor, diagnostic, and treatment factors, 
but it also reflects differences in obesity rates and 
associated comorbidities [65]. Between 2007–
2008 and 2015–2016, the prevalence of obesity 
in US women increased from 35% to 41% – from 
36% to 43% in women age 40–59 and from 35% 
to 41% in women age 60 or older [66]. In women 
age 20 or older, the highest rates of obesity are 
seen in black women (55%) followed by Hispanic 
(51%) and white women (15%) [13]. This period 
of rising BMI coincides with rising breast cancer 
incidence rates, especially for HR+ disease and 
especially in black women with HR+ tumors 
[67].

In one of the earliest studies identifying 
comorbidities as a factor in survival disparities 
[68], it was found that among women with Stage 
I–IV breast cancer, black women had a higher 
proportion of 77 comorbidities that were associ-
ated with reduced survival. In that study, black 
women compared to white women had higher 
total number of comorbidities at baseline (2.26 
versus 1.83, p < 0.001), diabetes without compli-
cations (23% versus 8%, p  <  0.001), diabetes 
with complications (3% versus 1%, p  =  0.05), 
and hypertension (63% versus 36%, p < 0.001). 
In that study, total comorbidities explained 49% 
of the overall survival difference between white 
and black women and 77% of competing cause of 
death disparity [68]. Hypertension alone has been 
estimated to account for 30% of the survival dis-
parity between black and white women with 
breast cancer [69]. Other studies have shown dif-
ferences between white and black women with 
breast cancer for cardiovascular disease and 
breast cancer mortality [70]. The management of 
obesity-related comorbidities is as important to 
overall survival as state-of-the-art breast cancer 
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treatment; especially in black women, comorbid-
ity management could greatly lessen the gap in 
disease mortality [61].

�Breast Cancer-Specific Survival
Evidence regarding the impact of excess weight 
on breast cancer-specific survival is still evolv-
ing. In one meta-analysis (28 studies), increased 
risk for breast cancer mortality was observed for 
each 5 kg/m2 increment of BMI – 18% if BMI 
was measured before diagnosis, 14% if measured 
within 12 months of diagnosis, and 29% if mea-
sured more than 12 months post diagnosis [71]. 
In another meta-analysis (13 studies), every 5 kg/
m2 increment of BMI was associated with 
increased risk for contralateral breast cancer RR 
1.12 (1.06, 1.20) and breast second primary can-
cers RR 1.14 (1.07, 1.21) [72]. In a meta-analysis 
(21 studies) of women with HR+ breast cancer, 
the pooled hazard ratio was 1.36 (1.20, 1.54) for 
breast cancer-specific survival in women with 
obesity compared to no obesity [56]. In a study of 
women with estrogen receptor positive (ER+) 
tumors (N = 6295), the hazard ratio for late recur-
rence was 1.24 (1.00, 1.53) in women experienc-
ing post-diagnosis weight gain of 10% or more; 
the analysis also found significantly increased 
risk for breast cancer-specific mortality in women 
with obesity [73]. Evidence is also emerging that 
wide fluctuations in weight from diagnosis – both 
loss and gain – can be problematic. In a recent 
analysis of a German cohort of 2216 women, 
greater than 10% weight loss since diagnosis 
doubled the risk for all-cause mortality and tri-
pled the risk for breast cancer mortality [74].

In these studies, the focus is often on weight 
and BMI, but the underlying mechanism is likely 
to be body composition – total fat mass, muscle 
density, and fat infiltration of the muscle  – as 
reflected by the exponentially growing interest in 
these metrics in cancer research [75–77]. A recent 
study of women with breast cancer found subcu-
taneous adipose tissue associated with increased 
risk for death HR 1.13 (1.02, 1.26) [78], and 
another study reported higher overall mortality 
HR 1.35 (1.08, 1.69) in women with the highest 
tertile of total adipose tissue (TAT) compared to 
the lowest tertile [79]. Other studies have reported 

an association between body composition met-
rics and treatment toxicities that may lead to dose 
delays and reductions and in turn impact survival 
[80].

�Diet and Physical Activity for Weight 
Management

Maintaining energy balance through a physically 
active lifestyle and choosing healthy foods is the 
foundation of healthy weight maintenance for 
breast cancer survivors [6, 18]. For women with 
excess weight at breast cancer diagnosis, the 
challenge of avoiding weight gain is a common 
concern among same-age women without a can-
cer diagnosis who have a similar risk profile for 
weight gain [81–83]. A breast cancer diagnosis 
can provide a “teachable moment” for making 
important lifestyle changes [84–86]. However, 
for breast cancer survivors who all too often had 
a sedentary lifestyle prior to diagnosis [87], tran-
sitioning to a more physically active one and 
having the time, resources, and know-how to 
prepare diet-conscious meals are a great chal-
lenge. Increasing physical activity can be espe-
cially daunting for women struggling with 
fatigue, chemotherapy-induced peripheral neu-
ropathy, and other lingering side effects of 
treatment.

The evidence supporting diet and exercise for 
weight management in women with breast cancer 
comes from decades of interventions studies. 
Among these studies, six have focused specifi-
cally on preventing or avoiding weight gain in 
women scheduled to receive chemotherapy [88, 
89]. The decision to recruit women receiving 
chemotherapy reflects the evidence for chemo-
therapy as a risk factor for weight gain in early 
breast cancer. However, women often lose weight 
between diagnosis and start of endocrine treat-
ment [43, 44], generally because they are experi-
encing chemotherapy side effects such as nausea, 
vomiting, and loss of appetite. For these women, 
the first 2  years after chemotherapy can then 
become a period of substantial weight gain that 
more than exceeds their weight loss [32]. In gen-
eral, the period immediately following primary 
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treatment is an especially important timeframe 
for initiating interventions to avoid weight gain.

At least 26 randomized controlled trials test-
ing diet or diet/exercise interventions for weight 
loss have been published, with numerous addi-
tional studies still underway [90–92]. In these 
studies, most women were recruited within 
6–12 months post primary treatment or an aver-
age of 3 or more years after treatment. Three 
studies were focused exclusively on black women 
with breast cancer [93–95]. In addition to weight 
loss and reduced BMI, several studies have 
included body composition outcomes such as fat 
mass/body fat, lean body mass, waist circumfer-
ence, waist to hip ratio, or hip circumference 
[96–101]. Among the most recent RCTs that are 
still underway, there is a specific focus on mea-
suring the potential impact of weight loss on can-
cer end points, such as breast cancer recurrence, 
disease-free survival, progression-free survival, 
and overall survival [92].

Among the studies that have been completed, 
multi-faceted approaches that include behavioral 
interventions in combination with diet and exer-
cise have had the best results, achieving statisti-
cally significant as well as clinically significant 
outcomes (5–10% weight loss) in women with 
BMI of 25 or higher; intervention periods of 
6–12 months have also had the most promising 
results [90, 91]. The downside of multi-faceted 
interventions is that they often entail intense con-
tact with study participants and the investment of 
substantial resources (direct supervision by 
trained staff, facilities, equipment) to keep 
patients engaged and compliant/adherent with 
intervention regimens. Also, the evidence for 
maintenance of intervention effects (keeping the 
weight off, staying with the diet and exercise 
regimen) beyond 6  months post intervention is 
still limited [102]. It is important for intervention 
studies to include a focus on maintenance strate-
gies for sustained compliance in addition to mea-
suring immediate outcomes [103].

Interventions with promising results now need 
to be translated into practical advice that breast 
cancer survivors can follow on a self-directed 
basis at home. Weight management interventions 
should be designed for scalability and sustainabil-

ity under “real-world” conditions. Interventions 
need to be “high reach” (relevant to most breast 
cancer survivors), but there is also a need for fur-
ther research into interventions that are specifi-
cally tailored for diverse racial and ethnic 
perspectives on diet and exercise.

In the meantime, current evidence is strong 
that weight management interventions are feasi-
ble and safe for most women with early breast 
cancer. Women with unhealthy weight can be 
advised and encouraged to monitor their weight 
and waist circumference, and to discuss any 
weight-related concerns they may have with their 
oncology clinician and primary care provider. 
Breast cancer survivors need to understand that 
weight management, exercise, and diet can be as 
important to their health and wellness as com-
pleting their treatment.

�Diet and Nutrition
For women aiming to avoid weight gain after pri-
mary treatment, the advice is that they should pri-
oritize nutrient-dense foods over energy-dense 
foods, because they provide greater satiety while 
limiting caloric intake and providing high nutri-
tional content [104, 105]. Within this broad guid-
ance for energy balance, it is important to 
understand the nuances of healthy food choices. 
Breast cancer survivors should aim for a predom-
inantly plant-based diet that includes plenty of 
colorful and nutrient-dense vegetables (4–5 serv-
ings/day) and fruits (2–3 servings/day) [106, 
107]. The recommendation to “eat the rainbow” 
implies intake of a wide variety of vitamins and 
minerals [106, 108, 109].

Nutrient-
dense 
vegetables

Kale, broccoli, spinach, sweet potato, 
brussel sprouts, cabbage, peas, chard, 
cauliflower, carrot, bell pepper, collard 
greens, kohlrabi, red cabbage

Nutrient-
dense fruits

Grapefruit, blackberries, oranges, 
bananas, grapes, papaya, cherries, 
pineapple, avocado, apples, 
pomegranate, mango, strawberries, and 
cranberries

Increasing fruit and vegetables in the diet also 
satisfies the recommendation for adequate fiber 
intake (>25 g/day), which is an important factor 
in appetite regulation and may help prevent 

K. A. Nyrop et al.



205

chronic diseases commonly associated with 
breast cancer, including cardiovascular disease 
and diabetes [107, 110]. Breast cancer survivors 
should choose foods with healthy fats such as 
nuts, seeds, avocados, and fatty fish to replace 
foods high in saturated fats such as fried food, 
savory snacks, baked sweets, and fast foods. 
Healthy fat from whole foods is crucial to a 
healthy diet, and patients should take care not to 
limit these in an effort to reduce overall calories 
[106, 111, 112]. Care should also be taken when 
choosing commercially produced condiments 
and salad dressings, as many contain added sug-
ars and unhealthy fats [106].

While most Americans meet or exceed their 
protein needs, a disproportionate amount comes 
from red meat, much of which contains high lev-
els of saturated fat [113]. Breast cancer survivors 
should focus on lean and plant-based proteins, 
limiting red meat intake to less than 11 oz. (2–3 
servings) per week and consuming little, if any, 
cured or processed meats [6]. Carbohydrates 
should be chosen carefully to include nutrient- 
and fiber-rich options, including non-starchy 
vegetables, fruits, whole grains, and legumes [6, 
18], and they should limit intake of refined carbo-
hydrates such as baked goods and items contain-
ing sugar, other sweeteners, and white flour [6, 
18]. While there is growing interest in studying 
the potential benefits of limiting total carbohy-
drates in women with breast cancer, the evidence 
is limited [114].

Calories from sweetened beverages are a com-
mon source of excess non-nutritive calories in the 
American diet and should be avoided, and instead 
focus on intake of water and non-sugar sweetened 
herbal or green tea [115, 116]. In addition to pro-
viding non-nutritive calories, alcoholic beverages 
are a risk factor for breast cancer and should be 
limited to one drink per day [6, 117]. Data suggest 
an increased risk of recurrence in breast cancer 
survivors who exceed 3–4 drinks/week [118].

Women should be advised to always consult 
with their oncology provider regarding adminis-
tration of any herbal or nutrient supplement to 
avoid the risk of interactions with medications or 
other treatments [119]. The Memorial Sloan 
Kettering Cancer Center website includes a help-

ful web page pertaining to common herbal supple-
ments and their effects – https://www.mskcc.org/
cancer-care/patient-education/herbal-remedies-
and-treatment. In the absence of a diagnosed nutri-
ent deficiency, a “food first” policy is the best and 
safest way to ensure adequate nutrient intake.

Given the premium on clinic time with 
patients, having an in-depth discussion about 
dietary changes to support healthy weight main-
tenance may not be realistic for the oncologist. 
Registered Dietitians (RD) have specialized 
training in nutrition and cancer as well as the psy-
chology of behavior change and are an excellent 
resource for the oncology provider and patient 
[17]. Referral to an RD for the newly diagnosed 
breast cancer patient is a cost-effective method to 
support healthy nutrition during and after cancer 
treatment. Weight loss and nutrition specialists 
may also provide guidance regarding the pros 
and cons of bariatric surgery, specific diet regi-
mens (such as Atkins, ketogenic diets), prescrip-
tion medications to treat overweight and obesity, 
and aids to behavior modification (e.g., hypno-
therapy, cognitive behavior therapy).

Online resources pertaining to a healthy diet
American Institute for Cancer Research (AICR) – 
https://www.aicr.org/cancer-prevention/
recommendations/
eat-a-diet-rich-in-whole-grains-vegetables-fruits-and-
beans/
American Cancer Society (ACS) – https://www.cancer.
org/healthy/eat-healthy-get-active/eat-healthy.html
US Department of Agriculture (USDA) – https://www.
choosemyplate.gov

�Physical Activity
In a recent systematic review and meta-analysis, 
vigorous physical activity was associated with 
reduced risk for breast cancer in both premeno-
pausal women (Relative Risk 0.79, 95% CI 0.69–
0.91) and postmenopausal women (RR 0.90, 
95% CI 10.85–0.95) [120]. The protective effects 
from physical activity, including recreational, 
occupational, and non-recreational activity, are 
greatest in women with physical activity expo-
sure more than 1  year and less than 5  years 
(Overall Relative Risk 0.62, 95% CI 0.46–0.78) 
[121]. There is also emerging evidence of bene-
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fits from physical activity for reduced all-cause 
and breast cancer-specific mortality [122–125].

After breast cancer diagnosis, exercise can be 
an important tool for managing side effects from 
cancer and cancer treatment including adverse 
impacts on cardiorespiratory function, fatigue, 
depression, bone health, physical fitness, muscle 
strength, and body composition [126–134]. For 
women with breast cancer whose weight exceeds 
the healthy ideal, exercise may be an essential 
component to avoiding weight gain and even los-
ing weight, when coupled with a healthy diet.

For both improved health-related outcomes 
and weight management, “exercise as medicine” 
has gained increased attention as a safe and 
potentially effective strategy to help women with 
breast cancer and other cancer survivors move 
through cancer and be as active and healthy as 
possible [135]. The American College of Sports 
Medicine (ACSM) has published guidelines for 
cancer survivors that include specific exercise 
prescriptions for targeting common side effects 
of cancer and cancer therapy [130, 136]. The 
general guideline is 150  minutes of moderate 
exercise per week (or 75  minutes of vigorous 
activity), coupled with 2–3 days of large muscle 
resistance training.

The 150 minutes of exercise need to be under-
stood as specific time devoted to taking a walk, 
above and beyond the daily routine of work and 
chores, or other form of exercise. A pedometer or 
activity tracker can be helpful for monitoring the 
achievement of exercise goals. For example, at a 
moderate pace of 60 steps/minute, the achieve-
ment of 150 minutes of moderate aerobic exer-
cise would be 9000 steps/week (60 steps × 
150  minutes) [137], or about 1300 steps a day 
(22 minutes) above and beyond routine activities. 
This would be a minimum goal for the achieve-
ment ACSM aerobic exercise guidelines. With 
exercise approval from a clinician, breast cancer 
survivors can develop their own self-directed 
plan for raising their daily steps goal closer to 
7000 steps/day, walking at a safe and sustainable 
pace [137].

Aerobic and resistance exercise have their 
own benefits individually, such as improved car-
diorespiratory fitness and muscular strength, 

respectively; but a combination of modes pro-
vides variety and more multifaceted benefits 
[126, 136, 138–143]. For individuals with multi-
ple comorbidities or side effects such as lymph-
edema, individualized or tailored exercise may be 
necessary and require referral to programs led by 
staff trained in exercise oncology [144–147]. 
Home- and community-based physical activity 
initiatives are also options for reversing physical 
decline and fatigue and maintaining quality of 
life, both during and after adjuvant treatment 
[148, 149], with the added benefits of flexibility 
in time and place and fewer requirements for 
equipment, facilities, or trained staff.

Exercise oncology is still an emerging area of 
research, with many areas requiring further inves-
tigation, such as the potential impact of exercise 
on peripheral neuropathy and cognitive function-
ing, treatment completion, and cancer recurrence 
and survival, and how these impacts may vary by 
cancer site and stage [136, 150]. However, there 
is enough evidence regarding safety, tolerability, 
and potential benefits in favor of moderate exer-
cise for most women with breast cancer [151]. 
Exercise is not yet a part of standardized cancer 
care; but, the consistently demonstrated short- 
and long-term physical health benefits and 
increased quality of life warrant patient-provider 
conversations about the importance of safe and 
sustained physical activity [135, 152].

Online resources pertaining to exercise for adults with 
cancer
American Institute for Cancer Research (AICR) – 
https://www.aicr.org/cancer-prevention/
recommendations/be-physically-active/
American Cancer Society (ACS) – https://www.cancer.
org/treatment/survivorship-during-and-after-treatment/
staying-active/physical-activity-and-the-cancer-patient.
html

�Role of Oncology Clinicians

Concern within the cancer community regarding 
the growing evidence of obesity-related cancers 
and their impact on cancer care is evidenced 
by guidelines and position statements from the 
American Society of Clinical Oncology (ASCO) 
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[17], American Cancer Society (ASC) [18, 107, 
153], National Comprehensive Cancer Network 
(NCCN) [154], and international cancer entities 
[155, 156]. In 2012, the ACS updated their guide-
lines on nutrition and physical activity during and 
after cancer treatment [153], with the intention 
of presenting “health care providers with the best 
possible information with which to help can-
cer survivors and their families make informed 
choices related to nutrition and physical activity” 
during the continuum of cancer care [18]. The 
ASCO Obesity Initiative [157, 158] (https://www.
asco.org/practice-policy/cancer-care-initiatives/
prevention-survivorship/obesity-cancer) includes 
a website with tools and resources for clinicians 
[159] as well as for patients and families [160].

�Talking with Patients About Weight
To avoid the weight stigma perceived by many 
patients in their clinician-patient relationships, it 
is important for clinicians to use person-centered 
or people-first language when discussing 
unhealthy weight [161, 162]. In general, preferred 
terms are weight, BMI, excess weight, weight 
problem, unhealthy body weight, or unhealthy 
BMI; least preferred terms are heaviness, excess 
fat, obesity, large size, and fatness [163, 164]. 
When in doubt, it is appropriate to use “person 
with” elevated BMI or excess weight [162].

�Assessment and Screening
The NCCN guidelines for nutrition and weight 
management provide an algorithm for nutrition 
and weight management assessment and associ-
ated interventions [154]. The assessment includes 
(1) evaluating BMI, (2) conducting a clinical 
evaluation that includes asking the patient about 
their food intake and eating habits, physical 
activity, willingness to address weight, and barri-
ers to nutrition and weight management, and (3) 
assessing treatment effects and medical issues 
that might affect nutrition and weight manage-
ment including comorbidities, medications, den-
tal health, and use of supplements. For patients 
identified as overweight or obese, the NCCN 
guidelines suggest (1) patient-provider discus-

sions about nutrition, weight management, physi-
cal activity, and portion control, (2) referral to 
community resources for weight management, 
(3) referral to a dietician or weight management 
program for individualized help, and (4) consid-
eration of evaluation for bariatric surgery or phar-
macologic therapy [154].

The “5 A’s Behavioral Change Model” pro-
vides levels of communication that an oncology 
clinician may decide to pursue with any given 
patient during any given clinic visit, ranging from 
“asking” if the patient would be interested in 
talking about weight management to “arranging” 
a referral to a nutritionist or weight counselor. It 
provides a range of options, rather than just one 
best approach. In the final analysis, there is also a 
need to address both real and perceived barriers 
to having weight-related conversations during a 
busy clinic visit [135, 165, 166].

Behavioral Change Model: Ask, Assess, Advise, Agree, 
Assist, Arrange – suggested conversations between 
oncology clinicians and their patients with obesity

Constructs Illustrative examples
Ask (added 
to the 
model)

Clinician asks the patient if it is okay to 
discuss weight; OR clinician asks the 
patient about weight, nutrition, exercise

Assess Clinician discusses the patient’s current 
weight/BMI (electronic medical records 
data); OR clinician assesses patient’s 
readiness to discuss healthy weight in 
breast cancer survivorship

Advise Clinician makes a specific 
recommendation regarding weight 
(avoiding weight gain, losing weight), 
exercise, and energy balance; OR 
clinician explains the importance of 
weight management in breast cancer 
survivorship (risks and benefits)

Agree Clinician seeks agreement with the 
patient to revisit their healthy weight 
discussion during subsequent clinic visits 
(this may include agreeing on specific 
realistic goals for no weight gain or 
weight loss)

Assist Clinician provides brief counseling on 
how to pursue healthy weight and/or 
provides self-help materials

Arrange Clinician refers the patient to a 
nutritionist or weight counseling program

Adapted from Vallis 2013 and Alexander 2011
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�Timing and Feasibility of Weight-
Related Conversations
The ASCO Position Statement [17] notes: 
“Research shows that the time after a cancer 
diagnosis can serve as a teachable moment to 
motivate individuals to adopt risk-reducing 
behaviors. For this reason, the oncology care 
team – the providers with whom a patient has the 
closest relationships in the critical period after 
cancer diagnosis – is in a unique position to help 
patients lose weight and make other healthy life-
style changes…. Knowing how and when to initi-
ate a conversation about weight management is 
an important first step to helping patients lose 
weight and lead healthier lives after a cancer 
diagnosis” [17]. The statement notes that the 
teachable moment for behavioral change is not 
long and, hence, the urgency of oncologist and 
oncology care team engagement in messaging 
about weight management while the patient-
provider contact is still fresh and frequent in the 
first few years post primary treatment, albeit not 
as intense as during active treatment.

To this point, the ASCO Cancer Prevention 
Committee recently conducted an “ASCO 
Obesity Survey” among its Health Equity 
Committee members, asking them “how and 
when they initiate conversations about weight 
management, as well as help their patients 
achieve and maintain healthy weight after a can-
cer diagnosis”. Among the 971 respondents to the 
survey, awareness and interest in diet, physical 
activity, and weight management was high, and a 
majority agreed that addressing high BMI should 
be part of standard of care [166]. During clinic 
visits after active treatment, respondents reported 
they were more likely to ask patients about physi-
cal activity (43%) and advise increased physical 
activity (40.5%) than they were to ask patients 
about their diet (30%), advise weight loss to their 
overweight or obese patients (34%), or actively 
treat or refer patients for weight management 
(13%) [166].

In a study specific to women with early breast 
cancer, electronic medical records were reviewed 
for evidence of oncology clinicians conversations 
about weight with patients with a BMI of 30 or 
higher [167]. Charts were reviewed for 237 

patients, mean age was 56.5 (range 25–86), and 
37% were black women. Thirty-nine percent of 
these patients had evidence of weight-related 
interactions with at least one oncology clinician. 
A majority of these interactions were with medi-
cal oncologists (73%) and entailed mostly clini-
cian notes describing weight-related interactions 
(67%) but also referrals to weight management 
programs (22%) and providing printed patient 
instructions about diet/exercise (12%) [167]. In a 
related study regarding physical activity commu-
nications between oncology providers and 
patients with early stage breast, colon, or prostate 
cancer, the proportion of medical oncologists 
having these interactions was 55% [168], again 
demonstrating greater willingness or ability to 
discuss exercise rather than weight management.

These and other studies [169, 170] suggest it 
is feasible for oncology clinicians to have nutri-
tion, physical activity, and weight management 
communications with their patients, although the 
precise “when” and “how” deserves further 
research to ensure that these conversations are 
patient centered and culturally appropriate [171]. 
Patients often (but by no means universally) wel-
come guidance and encouragement from their 
treating clinician with regard to weight and diet 
[172–175], exercise [176], and healthy lifestyles 
[177–180]. But, great care and attention needs to 
surround these conversations so that they are not 
hurtful or harmful to women who may have a 
long history of trying to battle weight gain or 
may find themselves gaining perplexing amounts 
of weight despite good nutrition and exercise 
habits.

�Conclusion

In this chapter, we have focused on issues and 
opportunities for addressing the cancer-obesity 
connection within the context of care provided by 
oncology clinicians. This is a timely focus, 
because there are increasing “calls to action” for 
oncology clinicians to become more actively 
involved with advising and encouraging their 
patients to achieve/maintain healthy weight and 
regular physical activity as essential strategies for 

K. A. Nyrop et al.



209

their quality of life, prognosis, and survival [135, 
181–186]. To greater and lesser extents, issues 
and intervention opportunities include surgical 
oncology and radiation oncology as well as med-
ical oncology. We have also focused on actions 
that are likely to be the most feasible, such as let-
ting the patient know that healthy weight is 
important to cancer outcomes and making refer-
rals to specialists who can provide further guid-
ance on exercise and nutrition.

Equally important, but not within the scope 
of this chapter, is the crucial urgency of lowering 
cancer risk and adverse outcomes through effec-
tive and widespread community-based obesity 
interventions [107]. To this point, the American 
Cancer Society has issued guidelines on nutrition 
and physical activity for cancer prevention, focus-
ing on community action and messaging that is 
consistent with the American Heart Association 
and American Diabetes Association [107].

ACS guidelines on nutrition and physical activity for 
cancer survivors [18]
Achieve and maintain a healthy weight
 �� If overweight or obese, limit consumption of 

high-calories foods and beverages and increase 
physical activity to promote weight loss

Engage in regular physical activity
 �� Avoid inactivity and return to normal activity as soon 

as possible following diagnosis
 �� Aim to exercise at moderate intensity at least 

150 minutes per week
 �� Include strength training at least 2 days per week
Achieve a dietary pattern that is high in vegetables, 
fruits, and whole grains
 �� Follow the American Cancer Society Guidelines on 

Nutrition and Physical Activity for Cancer 
Prevention

�Special Section: Excess Weight 
and Breast Cancer Risk

As with other cancers, breast cancer is largely a 
disease of aging, with 59% of new cases diag-
nosed in women age 60 or older [64]. As the US 
population continues to age [187], the USA has 
also experienced a rise in adult obesity, dispro-
portionately affecting the black community and 
especially black women [188]. High BMI is an 

added risk factor for breast cancer, as explained 
in this section.

The most common tumor subtype is hormone 
receptor positive/human epidermal growth fac-
tor receptor 2 negative (HR+/HER2-), which 
accounts for 66% of new cases in US women – 
69% in Non-Hispanic (NH) white, 55% in NH 
black, and 61% in Hispanic women [64]. Subtype 
HR-/HER2- is diagnosed in 10% of new cases 
(9% white, 19% black, 11% Hispanic); HR+/
HER2+ in another 10% (9% white, 10% black, 
11% Hispanic) and HR-HER2+ in 4% (4% 
white, 5% black, 5% Hispanic) [64]. Between 
2004 and 2016, the annual increase in HR+ cases 
was 1.1% in white and Hispanic women; in black 
women, the rate of increase was 2.8% per year in 
2004–2011 but leveled off thereafter [64]. These 
trends reflect the faster rise in obesity rates 
among black as compared to white women since 
the 1980s [188].

In a recent meta-analysis, adult weight gain 
and greater body adiposity increased the risk 
for HR+ breast cancer in postmenopausal 
women who were never users of postmeno-
pausal hormones; this increased risk was not 
observed for HR- tumors or among current 
users of hormones [120].

In post-menopausal women, the 
risk for breast cancer increases for 
every … [120]

Relative risk (95% 
confidence 
interval)

5 kg/m2 unit of higher BMI RR 1.12 (1.10, 
1.15)

5 kg unit of adult weight gain RR 1.07 (1.05, 
1.09)

Every 5 kg/m2 gain in BMI RR 1.17 (1.11, 
1.23)

Every 10 cm unit of greater waist 
circumference

RR 1.11 (1.08, 
1.14)

Every 10 cm unit of greater hip 
circumference

RR 1.06 (1.04, 
1.09)

Every 0.1 unit greater waist-to-hip 
ratio

RR 1.10 (1.05, 
1.16)

None of these associations were significant in 
premenopausal women. For all women (pre- as 
well as postmenopausal), every 5 kg unit of adult 
weight gain increased the risk for HR+ breast 
cancer RR 1.11 (1.06, 1.17) [120]. Other meta-
analyses have reported similar associations 
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between 5-unit increases in BMI and breast can-
cer risk [1, 189].

A recent analysis of women enrolled in the 
Women’s Health Initiative (WHI) underscores 
the role of body fat, and not just BMI, in breast 
cancer risk. In a sample of 3460 postmenopausal 
women age 50–79 with “healthy” BMI of 18.5–
24.9 [190], the hazard ratio for invasive breast 
cancer was 1.89 (1.21, 2.95) for women with the 
highest whole-body fat and 1.88 (1.18, 2.98) for 
women with the highest trunk fat mass [190]. 
This shows that weight and BMI are by no means 
the only metrics for assessing cancer risk. A 
combination of breast density and BMI greater 
than 25 increases the risk for any breast cancer, 
especially for ER- tumors in premenopausal 
women [191].

�Potential Mechanisms

To understand the association of excess weight 
and breast cancer, it is important to understand 
how the combination of diet, nutrition, and physi-
cal activity  – and hence body fat and weight 
gain – influence biological processes that in turn 
impact the development and progression of can-
cer [192]. High BMI due to an imbalance of high 
energy intake and low physical activity has been 
associated with a number of molecular changes 
that are also linked to cancer development, 
including altered cytokines/adipokines, chronic 
inflammation, hyperinsulinemia, and hypercho-
lesterolemia [193]. Adiponectin and leptin have 
been identified as two of the most important adi-
pokines mediating the link between obesity and 
breast cancer. While study findings have been 
mixed, adiponectin appears to be protective 
against carcinogenesis, and its decreased concen-
tration in obese patients may negatively impact 
the prevention of tumor development [192]. 
Conversely, elevated leptin has a well-recognized 
role in increasing breast cancer risk and is an acti-
vator of tumor cell proliferation and progression 
in molecular pathways [192, 193]. Additionally, 
adipocytes undergo architectural changes as they 
grow and multiply, resulting in an unstable 
microenvironment due to hypoxia from reduced 
vascularization, which may directly enhance the 

ability for a cancer cell to grow and proliferate 
[192].

Obesity also contributes to a state of chronic 
low-grade inflammation, which can lead to 
increases in cyclooxygenase-2 (COX-2). COX-2 
is overexpressed in invasive breast cancers [194] 
and can also promote cancer development and 
progression through increased prostaglandin sig-
naling [195]. Similarly, insulin resistance and 
hyperinsulinemia are hallmarks of obesity that 
lead to increased insulin and insulin-like growth 
factor 1 (IGF-1) signaling, which increases cell 
survival and proliferation and decreases apopto-
sis [196]. Breast cancers are known to express 
both insulin and IGF-1 receptors, which do not 
appear to be down-regulated in the setting of 
hyperinsulinemia, and activation of these recep-
tors may directly lead to tumor growth or pro-
gression [197]. Furthermore, metformin, an 
anti-diabetic medication, has shown some prom-
ise in mitigating the poorer prognosis of patients 
with breast cancer and diabetes [198, 199]. 
Finally, cholesterol is an essential component in 
cell membrane structure and a required precursor 
of sex hormones. Increased serum cholesterol 
levels have been directly linked with risk for 
hormone-dependent breast cancer [200, 201].

Factors beyond diet, nutrition, and physical 
activity that may independently contribute to 
both obesity and breast cancer, such as alcohol 
consumption [202], complicate the clarification 
of mechanisms by which obesity directly and 
indirectly impacts breast cancer risk and progno-
sis. The relative contributions of these myriad 
factors during the life course of a woman require 
further research for a deeper understanding of 
biological underpinnings of the obesity-breast 
cancer link.
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Breast Cancer-Related 
Lymphedema and Shoulder 
Impairments: Physical Therapy 
and Plastic Surgery

Carmen Kloer, Lisa Massa, Andrew Atia, 
and Sharon Clancy

�Section 1: Breast Cancer-Related 
Lymphedema (BCRL) – Arm 
Lymphedema

Example case:
Ms. J is a 48-year-old female with a past medical 
history of invasive ductal carcinoma for which 
she had bilateral mastectomy with axillary lymph 
node dissection and immediate breast reconstruc-

tion. One year ago, she started to complain of 
“heaviness” and swelling in her left arm. Two 
months ago, she started to notice that doing activ-
ities with her left arm was more difficult than it 
was with her right arm. She had been wearing 
compression garments on both arms for 3 hours 
per day since her surgery, but stopped doing so 
about 4 months ago. She does not exercise regu-
larly, but walks occasionally. She reports 
decreased swelling with elevation of the arm. On 
examination, her blood pressure is 110/74, tem-
perature is 98.6 °F (37 °C), and heart rate is 70 
beats per minute. Her BMI is 32. Her left arm is 
grossly larger than her right, with a difference in 
circumference of 3  cm. Her left arm shows 1+ 
pitting edema without any signs of hardening or 
fibrosis within the arm.
•	 What’s going on with Ms. J’s left arm?
•	 Why is this happening to Ms. J?
•	 How can I help Ms. J?
•	 What are Ms. J’s options?
•	 Will it get better?

�An Introduction to Breast Cancer-
Related Lymphedema (BCRL) 
of Upper Extremity

�What’s Going with Ms. J?
Ms. J’s case is a classic example of a patient 
experiencing breast cancer-related lymphedema 
(BCRL), which typically arises after axillary 

C. Kloer · A. Atia 
Department of Plastic Surgery, Duke University 
Hospital, Durham, NC, USA 

L. Massa (*) 
Department of Physical and Occupational Therapy, 
Duke University Hospital, Durham, NC, USA
e-mail: lisa.massa@duke.edu 

S. Clancy 
Department of Plastic and Reconstructive Surgery, 
Duke University, Durham, NC, USA

14

Chapter Objectives

–– Recognize and evaluate lymphedema 
and shoulder impairments early to 
improve outcomes and avoid secondary 
dysfunction.

–– Prevent and reduce costly and unneces-
sary testing and treatment.

–– Provide comprehensive knowledge for 
patients on their treatment options.
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lymph node dissection and/or radiotherapy to the 
axilla for breast cancer and, due to its progressive 
nature, can be a source of continuous distress, 
frustration, and reduced quality of life [1]. The 
reported incidence of BCRL ranges from 10% to 
65%, depending on variability in reporting and 
diagnostic criteria used [1–5]. A recent meta-
analysis notes the overall incidence likely to be 
21.4% from 30 prospective cohort studies [7]. 
The incidence rate is higher in patients who have 
undergone axillary lymph node dissection 
(ALND) and regional lymph node radiation as 
part of their treatment plan [6].

In the United States, breast cancer treatment, 
especially procedures that manipulate the axil-
lary lymph/lymph node system, is the most com-
mon cause of lymphedema [7]. Breast cancer 
treatments can disrupt the lymphatic system 
causing impairment of the lymphatic circulation 
of the remaining breast skin or tissue and/or ipsi-
lateral arm. BCRL results from the dysfunctional 
lymph drainage, such that the arm becomes swol-
len, heavy, uncomfortable, and possibly painful.

�Overview of the Lymphatic System
The lymphatic system is part of the circulatory 
system and has multiple functions. It collects and 
transports fluid from the interstitial space to the 
venous system. This lymphatic fluid also plays a 
critical role in immune response.

Lymphatic fluid, or lymph, is the fluid that is 
collected by superficial lymphoid capillaries 
from interstitial fluid surrounding vasculature 
and cells. The lymph flows from the lymphatic 
capillaries into collecting lymphatics, which 
carry it to lymph nodes. These collecting lym-
phatics have one-way valves to prevent back 
flow [8]. Lymph nodes house lymphocytes, T 
cells and B cells. In lymph nodes, protein-free 
fluid is extracted from lymph fluid and lympho-
cytes identify antigens in lymph [9]. The post-
nodal lymphatic fluid then travels centrally to 
the thoracic duct or right lymph duct where it is 
returned to the venous system in the subclavian 
veins.

In summary, the lymphatic system is critical 
for the draining of interstitial fluid, transporting 

cells of the immune system and playing a role in 
the process of inflammation. Damage to this sys-
tem results in stagnant fluid which increases arm 
swelling and subsequent deposition of excess 
adipose tissue and fibrosis, which are the hall-
marks of lymphedema.

�Classification of Lymphedema
There are two types of lymphedema, primary and 
secondary. Primary lymphedema is the result of a 
congenital malformation of the lymphatic sys-
tem. Secondary lymphedema is the result of 
trauma to lymphatic system that causes disrup-
tion of its normal function. BCRL, the topic for 
this chapter, is due to trauma to the lymphatic 
system during breast cancer surgery and/or radia-
tion, so is classified as a secondary 
lymphedema.

Histologically, lymphedema, whether primary 
or secondary, is defined by edema, fibroadipose 
tissue deposition, chronic inflammation, and 
hyperkeratosis [10]. Continuous stasis also leads 
to a state of chronic inflammation by activating 
inflammatory signals [11].

�Why Is This Happening to Ms. J?
Many women undergo breast cancer treatment, sim-
ilar to Ms. J. In fact, nearly all women with breast 
cancer undergo surgery, but only a minority of 
women develop clinically apparent lymphedema.

The pathophysiology of secondary lymph-
edema, however, is not fully understood. It 
appears that inciting factors, such as surgery or 
radiation, cause damage to the lymphatic chan-
nels and obstruct lymph flow, resulting in the 
clinical presentation of lymphedema. These incit-
ing factors are necessary but not sufficient to 
guarantee the development of lymphedema [10]. 
It appears that the development of secondary 
lymphedema varies according to lymphatic ves-
sel density and fluid flow patterns in the body 
region. Impairment of lymph flow causes persis-
tent fluid stasis, lymphatic valvular incompe-
tence, and dermal backflow of both the superficial 
and deep lymphatic systems.

The main risk factors that lead to BCRL are 
listed in Table 14.1 [12, 13].
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Advances in surgical management of breast 
cancer have led to lower incidence of BCRL by 
using less extensive local procedures, such as 
sentinel lymph node (SLN) sampling instead of 
axillary lymph node dissection or lumpectomy 
instead of mastectomy [12]. Table 14.1 lists risk 
factors for acquiring BCRL. Some of the risk fac-
tors can be modified. In an attempt to modify the 
risk of developing lymphedema, experts in the 
field developed a list, most of which are anecdotal 
[16, 17]. The evidence supporting use of Risk 
Reducing Behaviors (RRB) are predominately 
anecdotal with a limited body of data that is con-
troversial (Table 14.2). Specifically, air travel and 
exercise have been shown to be safe [16].

More data needs to be collected to verify the 
effects of these RRB behaviors in patients sus-
ceptible to BCRL. An important note: patients 
who had a sentinel lymph node sampling and 
did not have a complete ALND are at very low 
risk of BCRL and do not need to undergo RRB, 
even if they have received any type of mastec-
tomy [18, 19].

�Evaluation Process

�How Can I Help Ms. J?
As care team members begin to understand more 
about lymphedema, there is a recognition of an 
increased need for proper evaluation and surveil-
lance for patients who undergo breast cancer sur-
gery and/or radiation. The methodology of 
evaluating BCRL continues to evolve, including 
improvements in lymphatic imaging such as outpa-
tient MR lymphangiography and ICG lymphangi-
ography, ease of monitoring in clinic with 
noninvasive volumetric measurements, and further 
research into potential treatments. To be able to 
help a patient such as Ms. J, the care team needs to 
be able to first recognize her symptoms in connec-
tion with her history. Once her symptoms are rec-
ognized as possibly related to BCRL, she can then 
be referred to the proper specialists to receive treat-
ment. As we move through the case history, we are 
following the algorithm in Fig.  14.1, which out-
lines a systematic approach to this complex issue. 

Symptoms and History
In the case vignette, the patient references a feel-
ing of “heaviness” and “swelling” in her left arm – 
these and other symptoms in the arm, including 
paresthesia, fatigue, and general discomfort, can 
be the presenting complaints among patients with 
either subclinical or clinical BCRL [20]. These 
symptoms should prompt the provider to ask about 
any of the higher risk treatments (ALND or axil-
lary radiation) or other BCRL risk factors. Also 
characterizing the lymphedema is important. 
Providers should ask if the swelling/lymphedema 
improves with elevation of the affected arm or 
not  – this is an important distinguishing factor 
when considering surgical interventions since if 
there are reversible changes in the arm, they may 
be a candidate for surgery targeting increasing the 
fluid drainage from the arm. Taking a complete 
history will help direct the type of further manage-
ment the patient could attempt or will need.

Lymphedema tends to have a delayed clinical 
presentation, appearing months to years after 
cancer treatments such as axillary lymph node 
surgery and/or radiation. On average, however, 

Table 14.1  Risk factors for BCRL

Axillary lymph node dissection
≥ 8 axillary lymph nodes removed during axillary 
surgery
Radiation therapy to breast or axilla
History of postoperative complications (i.e., infections, 
seromas)
Ipsilateral venous compromise in the arm/axilla
Advanced or recurrent cancer
Subsequent, non-surgical, traumatic injury to the 
ipsilateral arm
History of having received taxane-based adjuvant 
chemotherapy
Extracapsular invasion by a tumor
Obesity and weight gain [14, 15]

Table 14.2  Risk-reducing behaviors (RRB)

Unproven but endorsed
Endorsed but proven 
unrelated

Avoiding BP checks in 
ipsilateral arm

Exercise

Avoiding phlebotomy in 
ipsilateral arm

Air travel

Avoiding IV placement in 
ipsilateral arm

House cleaning

14  Breast Cancer-Related Lymphedema and Shoulder Impairments: Physical Therapy and Plastic Surgery
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BCRL appears about 8  months after interven-
tions [20]. A thorough physical evaluation aids in 
diagnosis of lymphedema by eliminating other 
causes of arm swelling. Under some circum-
stances, CT or ultrasound is indicated to rule out 
cancer recurrence. In the absence of cancer,  the 
differential for unilateral arm edema includes 
lipedema, myxedema, infection, or trauma. 
Lipedema is the abnormal accumulation of sub-
cutaneous adipose and is more likely to be bilat-
eral [21], while lymphedema typically presents 

unilaterally on the same side of the breast cancer 
and interventions [22]. Myxedema is usually 
associated with hypothyroidism, is also typically 
bilateral, and requires further history and labora-
tory testing, including thyroid function tests, for 
workup. 

Physical Exam and Objective Assessment
In evaluating the severity of the lymphedema, we 
recommend starting with an examination of the 
skin. Evaluators need to notice if the skin is 

Patient post – breast cancer surgery and/or radiation 
therapy with complaints of “numbness, heaviness,
fatigue, discomfort, arm aching/pain or swelling”

History to elicit risk factors
  1. History of surgery to the axilla and/or breast?
  2. Radiation treatment?
  3. Post-surgery complications?
  4. Weight changes?
  5. Prophylactic treatment – massage, compression garments?
  6. Changes in swelling of the affected arm?
  7. Improves with elevation of the affected arm?

Physical Exam/Evaluation of the affected arm
  1. Examine skin – check for swelling or pitting
  2. Take photos
  3. Volume displacement ( > 200 cc)
  4. Measuring limb circumference ( > 2 cm)
  5. Optic volumetric assessment (perometry)
  6. Bioimpedance spectroscopy

Staging of Lymphedemaa

Stage 1 &
Stage 2

Clinical +/-
pitting

Stage 0
Subclinical

Stage 3
Clinical with

skin changes

• Evaluation by certified lymphedema therapist
• Weight loss/management
• Manual lymphatic massage
• Serial application of multilayer bandaging
• Compression garments
• Pneumatic compression

Conservative Management

Fig. 14.1  Diagnostic 
approach: concern for 
BCRL. International 
Society of Lymphology 
[29]

C. Kloer et al.
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edematous and has pits or indentations when 
pressed and if the skin displays any changes in 
color, texture, or thickness. The presence or 
absence of skin changes is important in staging of 
the lymphedema. The care team should use pho-
tographs in their documentation process to aid in 
future evaluation for progression or response to 
treatments.

A simple physical exam is one method to eval-
uate arm swelling and/or volume by measuring 
the circumference of both arms. Lymphedema 
generally is limited to one arm; therefore, the less 
swollen or unaffected arm can be used for com-
parison. Measurements should be taken at stan-
dard locations, defined in relation to standard 
landmarks of the ulnar styloid process, olecra-
non, and shoulder. The number of measurements 
taken between these landmarks can vary based on 
a practice’s preference, but, at a minimum, mea-
surements about half way between the wrist to 
the elbow and elbow to shoulder should be col-
lected [20, 23]. We recommend a minimum of 5 
circumference measurements for each arm. The 
diagnosis of clinical lymphedema is made if the 
measurements between arms differ by greater 
than 2 cm [24]. A more accurate method to diag-
nose lymphedema is measuring volume with 
water displacement. This requires the patient to 
submerge their arms separately within a tank of 
water and the evaluator to measure the difference 
in volume between the two limbs. A diagnosis of 
clinical lymphedema is made if the volume is 
200  cc greater in the affected than in the unaf-
fected limb [24].

There are two evaluation methods, optoelec-
tronic limb volumeter (perometry) and bioimped-
ance spectroscopy (BIS), that employ newer 
technology to evaluate lymphedema but are typi-
cally expensive and not easily accessible. 
Certified lymphedema therapists use these tools 
in their evaluation process. Perometry provides 
limb volume measurements through an infrared 
laser method [25]. The perometry machine itself 
is a large piece of equipment that features an 
adjustable arm to scan the limb. This method of 
measurement is quick with more accurate mea-
surements of overall limb volume than tape cir-
cumference measurements [26, 27]. However, 

perometry does not provide information into the 
specific volume increase of extracellular fluid 
(ECF), while BIS does [25, 28]. BIS uses electri-
cal currents to distinguish the amount of fluid 
collection in a lymphedematous limb versus the 
unaffected limb with a functional lymphatic sys-
tem, specifically quantifying the ECF differential 
[12, 25]. Some researchers suggest the use of BIS 
as a method for screening for BCRL following 
the first year post-breast cancer treatment to eval-
uate for subclinical BCRL [12]. Using a combi-
nation of these measurement techniques allows 
for monitoring of lymphedema severity and 
may possibly curb the need for more expensive 
tests, imaging, or consultations.

Lymphedema Staging
There are many different methods for staging 
lymphedema. These include evaluating the 
degree of pitting and swelling (International 
Society of Lymphology staging system), using 
circumference measurements, utilizing ICG lym-
phangiography to distinguish level of lymphatic 
damage (NECST system), and classifying the 
level of dermal backflow using ICG lymphangi-
ography (M.D. Anderson classification scheme) 
[10]. We recommend use of the International 
Society of Lymphology staging metric because it 
relies predominately on clinical assessment 
(Table 14.3) [29].

Conservative, Non-surgical, Management
Conservative therapies are the first-line approach 
to management of lymphedema. These options 
include complex decongestive therapy, weight 
management, compression garments, and inter-
mittent pneumatic compression. Complex 
Decongestive Therapy (CDT) is a combination of 
manual lymph drainage, compression therapy, 
therapeutic exercise, and skin care.
	(a)	 Manual Lymph Drainage (MLD):

This is a gentle manual technique that 
gently stretches the subcutaneous tissues to 
facilitate lymphatic flow in the affected 
region. The stretch pressure is gently released 
which allows the lymphatic vessels to pull 
additional fluid out of the interstitial space. 
The effects of MLD include reversing lym-
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phatic flow, increasing contractile rate of 
lymph vessels, increasing venous flow, and 
decreasing pain.

	(b)	 Compression Therapy
Once lymphedema is present, the elastic 

fibers of cutaneous tissues are altered and 
will require some form of external compres-
sion. This is necessary to prevent re-
accumulation of fluid in the affected area. 
This can be in the form of bandages or a gar-
ment. Some of the other benefits of compres-

sion therapy include improving venous 
return, improving the effectiveness of the 
muscles to pump and propel the lymphatic 
fluid centrally, soften fibrosis, and increase 
flexibility of scar tissue.

	(c)	 Exercise
Exercise is an integral part of lymph-

edema management. During the intensive 
phase of lymphedema treatment, exercises 
help facilitate lymphatic flow. These exer-
cises should be done when compression ban-

Table 14.3  Staging of lymphedema – International Society of Lymphology

Stage
0
Subclinical swelling not apparent on clinical exam 
despite impaired lymph flow

1
Soft edema that pits with no dermal fibrosis and 
subsides with limb elevation within 24 hours

2
Nonpitting lymphedema that does not resolve with 
limb elevation, reflecting evolution of dermal 
fibrosis

3
Lymphostatic elephantiasis with nonpitting edema 
with skin changes of acanthosis and warty 
overgrowths

Graphic art created by Amelia Kloer
Refer to Table 14.2. in International Society of Lymphology [29]

C. Kloer et al.
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dages are on the affected limb. Aerobic, 
resistive, and breathing exercises can all be 
included. Two systematic reviews have sup-
ported resistance exercise as safe and effec-
tive for individuals with BCRL [30, 31]. It is 
important to provide supervision and a grad-
ual exercise progression for these programs 
to achieve maximal success.

	(d)	 Skin Care
Patients should be instructed in skin and 

nail care. This includes proper cleaning and 
moisturizing of skin. Cleansers and moistur-
izers should be hypoallergenic and pH bal-
anced. Patients should also be taught how to 
inspect their skin/nails for infection and 
inflammation. Encouraging our patients to 
maintain a general first aid kit in both their 
home and car  is important, as this can be a 
helpful tool if they acquire a cut, scrape, or 
minor burn. The first aid kit should include 
an OTC antibiotic ointment and clean dry 
bandages to cover open areas.

	(e)	 Weight Management
As previously mentioned, obesity is a risk 

factor for BCRL. When reviewing the Body 
Mass Index (BMI) of your patient, make a 
note if their BMI is between 25 and 29.9 
(overweight) or over 30 (obese). There is evi-
dence to suggest that a higher BMI correlates 
with a greater likelihood that patients will 
develop lymphedema [32]. It is important 
that we advocate that our breast cancer survi-
vors to develop an active lifestyle. Mitigating 
lymphedema risk is certainly  not the only 
benefit of routine exercise for breast cancer 
survivors. Exercise has also been identified 
as one of the most important modifiable risk 
factors regarding recurrence of disease [14, 
33].  Please see also Chap. 13, Obesity, 
Weight Gain and Weight Managementin 
Women with Early Stage Breast Cancer. 

	(f)	 Compression Garments
Compression garments are used to pre-

vent the recurrence of lymphedema once the 
affected area is decongested and these should 
become part of our survivor’s lifelong rou-
tine. There are a range of sleeves and gloves 
made from a variety of materials. 

Compression garment fitting should be done 
by trained professionals, as an ill-fitting gar-
ment can actually exacerbate lymphedema.

	(g)	 Intermittent Pneumatic Compression (ICP)
An Intermittent Compression Pump (IPC) 

is comprised of an inflatable garment and 
electrical pneumatic pump [34]. The inflat-
able garment has multiple chambers which 
are placed around the affected area. The 
chambers can have varying amounts of pres-
sure to facilitate lymphatic flow. IPCs should 
not be used as a stand-alone treatment for 
lymphedema, always used as an adjunct 
only. It can be used along with other treat-
ment interventions previously mentioned.

What Are Ms. J’s Options?
As we review Ms. J’s case history, it would 
appear that she could potentially benefit from all 
components of the conservative management 
described above. There are many factors a lymph-
edema specialist will need to consider when 
developing Ms. J’s plan of care. Some of those 
factors would include transportation concerns, 
financial concerns, presence of supportive care-
givers/family members, and any pre-morbid cog-
nitive issues. Another consideration is that the 
plan of care needs to not only reduce the lymph-
edema but also empower the patient to indepen-
dently use all. Unfortunately, there are occasions 
where these measures are ineffectual, despite 
patient best efforts and compliance using appro-
priate tools to manage this lifetime condition. In 
these cases, a referral for surgical management of 
lymphedema may be appropriate.

Surgical Management of Lymphedema
Once a patient begins to consider surgical inter-
ventions for lymphedema, it is important to have 
a thorough workup from a lymphatic specialist. 
Patients should be referred to a plastic surgeon to 
evaluate for surgical candidacy. Surgical inter-
ventions are chosen based on the level of physi-
ologic availability that the patient’s lymphatic 
system offers. Figure 14.2 shows the care path-
way for patients interested in surgical interven-
tions for BCRL.  We utilize the Barcelona 
Lymphedema Algorithm for Surgical Treatment 
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(BLAST) to determine appropriate surgical inter-
ventions for patients [35].

�Imaging

Imaging provides critical information along with 
history, physical exam, and response to conserva-
tive management into the health and viability of 
the patient’s lymphatic system. Table 14.4 intro-
duces the various imaging modalities used for 
surgical treatment planning of BCRL along with 
their benefits and limitations. We recommend 
starting with lymphoscintigraphy (LS) to deter-
mine if the axilla has functional lymphatic 
uptake. To determine the optimal surgical proce-
dure, the initial step is establishing if the lym-
phatics within the arm and/or axilla have any 
functional capacity. Without any functionality of 
the lymphatic system, the only intervention 
options become non-physiologic interventions.

If there is any functionality in the axilla or 
arm, we investigate the level of functionality and 
the location of blockage or dysfunction. ICG 
lymphangiography and MR-lymphography map 
the lymphatic vessels and the sites of dysfunc-

tion. In practice, ICG lymphangiography is more 
readily accessible than MR-lymphography, and 
thus, is more often used for the surgical planning. 
However, MR-lymphography provides more 
information than ICG lymphangiography via its 
visualization of deeper lymphatic channels and 
yields useful information in some cases.

There are exciting advances and research being 
done regarding imaging of lymphatics. For exam-
ple, researchers have found that LS offers visual-
ization of lymphangiogenesis post-ALNT [38]. 
Of note, ultrasound and CT have low sensitivity 
and should not be used for diagnosis or evaluation 
of lymphedema, except to rule out presence of 
cancer mass as cause of arm swelling.

�Surgical Treatment

What Are Ms. J’s Options?
Many reconstructive techniques have been devel-
oped with improvements in imaging technology 
and the advancement in the field of microsurgery 
and supermicrosurgery from both a technical skill 
aspect and improvements with instrumentation 
[39]. In thinking of Ms. J’s case, it is important to 

Consideration for Surgical Intervention

Imaging
Lymphoscintigraphy

ICG – Lymphography or MR- lymphography
MRA and MRV

Functional lymphatic
system Æ Physiologic

Interventions

Non-functional lymphatic
system Æ Non-Physiologic

Interventions

Reductive surgical
treatment

Impaired axilla – no
functionality or
intact lymphatic

system in the axilla

Non-impaired axilla
– functional

lymphatic system
intact in the axilla

Fig. 14.2  Diagnostic 
approach after trial of 
Conservation 
Management: using the 
Barcelona Lymphedema 
Algorithm for Surgical 
Treatment (BLAST) 
[35]. ICG indocyanine 
green (ICG) 
lymphangiography, MR 
magnetic resonance, 
MRA magnetic 
resonance angiography, 
MRV magnetic 
resonance venography

C. Kloer et al.



227

consider all aspects of her story – decreased swell-
ing with limb elevation, minimal exercise, and 
pitting edema. Her physical exam and response to 
conservative treatment can provide great detail 
into how she will respond to surgical intervention 
since with response to conservative treatment and 
reversibility of some of her physical issues with 
lymphedema correlate with success of surgical 
intervention. Surgical procedures are classified as 
non-physiologic interventions and physiologic 
interventions. Given the description of Ms. J’s 
lymphedema physical findings, she most likely is 
Stage 1 BCRL.  The different recommendations 
for physiologic versus non-physiologic interven-
tions depends on the functionality of her lym-
phatic system. Table 14.5 provides a summary for 
the most common procedures offered.

•	 Non-physiologic interventions are indicated when 
there are no working lymphatics or very minimal 
function of lymphatics; surgical interventions are 
aimed only  at managing symptoms such as 
increased limb circumference. 

•	 Physiologic interventions are considered when 
there are functioning lymphatics; surgical 
intervention can make use of intact lymphatic 
channels to help relieve BCRL.
As Ms. J undergoes conservative management 

with a certified lymphedema therapist, tracking 
her response to therapy will help in her surgical 
evaluation. If she responds well to treatment and 
shows decreased swelling with therapy, this fur-
thers the likelihood that she is a good candidate 
for physiologic surgical interventions. Plastic 
surgeons who are trained in lymphatic microsur-

Table 14.4  Imaging options for surgical evaluation

Imaging modality Description
Benefit/reason for 
acquiring Limitations

Lymphoscintigraphy Nuclear medicine imaging with 
radiolabeled colloid injected. The rate 
of uptake determines the amount of 
lymph drainage

No prep necessary
Identifies blockage in 
lymphatic vessels
Helpful for evaluating if 
a patient is a candidate 
for ALNT

Less sensitive than ICG 
and MRI

ICG 
lymphangiography

An infrared camera visualizes ICG 
dye as it passes through the 
functioning lymphatic vessels

High sensitivity [36]
Can visualize lymphatic 
drainage pathways and 
determine salvageable 
lymphatic structures
Can measure the 
velocity of lymphatic 
transport
Helpful for determining 
if a patient is a candidate 
for LVA surgery

Only see superficial 
lymphatic channels <2 cm 
from skin surface
Lymphatic mapping is not 
an FDA-approved usage of 
ICG yet, and only 
approved for intravenous 
injections

MR-lymphography Magnetic resonance imaging with 
contrast injected which shows the 
anatomical structures in space and 
time with high resolution for both 
lymphatic vessels and nodes [37]

High sensitivity [36]
Can visualize lymphatic 
channels deeper than 
2 cm from skin surface
Helpful for determining 
if a patient is a candidate 
for LVA surgery

Requires a radiologist to 
optimize the technique
Not widely accessible 
because of cost of 
equipment and training

MRA Magnetic resonance imaging that 
focuses on the arterial vasculature

Helpful in evaluation for 
ALNT surgery

An additional study

MRV Magnetic resonance imaging that 
focuses on the venous vasculature

Helpful in evaluation for 
LVA surgery

An additional study

ICG indocyanine green (ICG) lymphangiography, MR magnetic resonance, MRA magnetic resonance angiography, 
MRI magnetic resonance Imaging, MRV magnetic resonance venography, LVA lymph-venous anastomosis, ALNT axil-
lary lymph node transfer
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gery and supermicrosurgery provide these 
interventions.

It is important to remind patients of overall 
guidelines to surgical success when considering 
surgical intervention, as healing relies on the 
patient’s health. This implies that good surgical 
candidates do not smoke, have controlled diabe-
tes, eat a healthy diet, maintain a reasonable BMI 
(ideally <30 kg/m2), and are able to comply with 
post-operative instructions as well as ongoing 
MDT.  Every patient needs to be evaluated to 
develop an individualized treatment care plan.

Some unique requirements for physiologic 
interventions include the need to continue wear-
ing compression garments and working with a 
lymphedema therapist. These therapies will be 
prescribed to patients based on their procedure 
and will be re-evaluated during their recovery 
process. The rigorous post-operative care 
required may be overwhelming to many patients 
but has been shown to improve quality of life 
[40–44]. It is also important to be mindful of the 
financial burden that these patients experience. 
Because of the Breast and Cervical Cancer 
Prevention and Treatment Act approved by 
Congress in 2000, women can be covered with 
Medicaid for their breast cancer treatments, and 
this should include BCRL interventions [45].

The main physiologic surgical interventions 
consist of the Vascularized Lymph Node 
Transplant (VLNT) and Lymphatic-Venous 
Anastomosis (LVA). Both of these procedures 
require some form of lymphatic system function 
in the patient’s arm and/or axilla. These proce-
dures are helpful and more effective for patients 
with earlier stages of BCRL.

Non-physiologic interventions are an impor-
tant option for patients with advanced disease 
who no longer have functionality in their lym-
phatic structures and have primarily fibroadipose 
tissue deposition. Non-physiologic procedures 
focus on volume reduction to improve symptoms 
and quality of life. The main non-physiologic 
interventions are liposuction and direct excision.

Will It Get Better?
Most research indicates that lymphedema inter-
ventions have high rates of success and improve 
the quality of life for many patients [42]. Patients 

find that their symptoms are relieved or reduced. 
There is an opportunity for further innovation in 
this field.

There is a rare disease associated with long-
standing lymphedema called Stewart-Treves syn-
drome (STS), a cutaneous angiosarcoma with 
poor prognosis. This pathology develops from 4 
to up to 50 years following axillary trauma due to 
breast cancer interventions followed by lymph-
edema. It features extensive skin changes with 
nodules and mauve coloring [49]. The treatment 
for STS is limited mostly to amputation or exten-
sive cutaneous excision [50]. Following surgical 
interventions, patients with STS have an average 
of 20-month survival [51]. The incidence of STS 
continues to decrease with improvements in 
breast cancer treatment and management, but it is 
important to be aware of this rare but dangerous 
complication of lymphedema.

�Section 2: BCRL – Breast 
Lymphedema

�Case Study #2

Ms. L is a 45-year-old female with Stage IB right 
breast cancer. She underwent a lumpectomy, sen-
tinel lymph node (SLN) dissection, low axillary 
node dissection (ALND), and radiation to her 
breast. At her first follow-up appointment after 
she completed her radiation treatment, she com-
plained of pain and tenderness in her right breast. 
She also has observed that her right breast seems 
to be “too large for her bra.” She has noticed that 
when she takes her bra off at night, there are 
indentions in her skin under her breast where her 
bra rests against her skin. You observe a mild ery-
thema in the two lower quadrants of her breast.
–– What is the most likely explanation for Ms. 

L’s presentation?
–– What are the key points we need to consider in 

addressing this issue?

�BCRL: Breast Lymphedema (BLE)

Overview
Breast lymphedema is characterized by diffuse 
skin edema and erythema and symptoms such as 
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breast heaviness, redness, and swelling [52]. It is 
a well-recognized complication of breast and 
axillary surgery, yet it has not garnered as much 
attention as BCRL of the upper extremity. It is 
important that this condition is detected, evalu-
ated, and treated as early as possible to decrease 
risk of infection, impaired wound healing, and 
chronic cellulitis associated with chronically 
lymphedematous tissues [53, 54]. In addition, the 
differentiation between  cellulitis and BLE can 
avoid unnecessary use of antibiotics. Table 14.6 
has a list of risk factors that have been associated 
with increased incidence of BLE.

In these studies, axillary node dissection 
increased the risk of BLE but  the number of 
nodes dissected did not increase risk. The mean 
BMI of the individuals with BLE was 31. Surgical 
incisions in the upper outer quadrant, lower inter-
nal quadrant, and central (areolar) region had an 
increased risk for BLE compared to tumors 
located in the upper inner and lower outer quad-
rants. BLE was more often  present in the two 
lower quadrants of the breast. Erythema was 
equally distributed throughout all four quadrants 
and the central region in patients with 
BLE. Tumors >17 mm were associated with BLE 
as compared to tumors <13 mm.

Clinical Presentation
The clinical presentation of BLE can be some-
what variable. A thorough examination of the 
integument of the breast and truncal region is 
imperative. An important point to consider that 
the presence of erythema with edema in the 
breast does not necessarily indicate the presence 
of cellulitis. A checklist of signs and symptoms 
to consider in the diagnosis of BLE is listed in 
Table 14.7.

It is important to discern between BLE and 
cellulitis. Common cellulitis symptoms are listed 
in Table 14.8.

Consider the following algorithm when 
assessing the patient.

Table 14.6  Risk factors for breast lymphedema [55, 56]

1. History of axillary node dissection
2. Higher body mass index (BMI)
3. Location of surgical incision in the UOQ, LIQ, and 
central breast
4. Adjuvant chemotherapy
5. Ongoing breast pain
6. History of breast radiation therapy/radiation therapy 
boost
7. Large tumor size (>17 mm at time of surgery)

UOQ upper outer quadrant, LIQ lower inner quadrant

Table 14.7  Possible signs and symptoms of BLE

1. Redness in breast and adjacent trunk
2. Hypomobility of breast scar tissue
3. Asymmetrical bra fit
4. Pain in breast
5. Asymmetrical truncal skin folds
6. Report of heaviness in the breast
7. Skin irritation in lateral aspect of breast/axilla

Table 14.8  Typical cellulitis presentation [48]

1. Chills, followed by a high fever
2. Severe malaise
3. Nausea
4. Headache
5. Local pain in the breast or area of the breast
6. Warm/hot skin of the breast
7. Map-like borders to the skin erythema
8. Rapid course progression
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Treatment Options
Research for BLE is presently lacking. The most 
common management strategies for BLE include 
manual lymph drainage, kinesiotape to facilitate 
truncal/breast drainage, use of compression bra, 
skin/nail care education, and professional fitting 
for a daily bra. Many women have never been pro-
fessionally fitted for a bra and often wear bras that 
are too small with regard to cup size and band 
width. Poor bra fit can restrict lymphatic flow in 
the breast and adjacent truncal region and lead to 

congestion of lymphatic fluid in the breast. 
Kinesiotape has been shown to improve tissue tex-
ture in BLE [57]. A recent pilot study demon-
strated that a compression bra can reduce both 
pain and edema in breast cancer survivors [58]. 
Manual Lymph Drainage (MLD) has been shown 
to help with breast lymphedema with varying 
degrees of success. Compression bandaging of the 
torso is another anecdotal, unproven management 
technique, though it causes restriction around the 
rib cage and may be difficult to tolerate.

Patient Post Breast Cancer Treatment
Chief complaint of fullness in breast, asymmetrical bra fit

Change in breast skin texture or color
Presence of warmth in breast, pain

Algorithm for Breast Lymphedema (BLE)

History
- History of ALND?
- History of XRT?
- History of XRT burns?
- History of postsurgical seroma in the breast?
- Affected breast is visibly larger than other breast

Physical Exam
- Thorough skin exam → color changes, texture changes
- Presence of wounds, warmth in breast
- Take photos of the affected area
- Circumferential measurements of breast/chest wall

DDX: Breast Lymphedema
Vs.

Cellulitis

Breast Lymphedema Treatment
- Referral to lymphedema specialist
- MLD-Professional bra fit
- Compression bra
- Kinesiotape

Cellulitis
- Consider antibiotics vs needle
  aspiration (if seroma present) 
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What are Ms. L’s options?
Ms. L appears to have breast lymphedema. She 
would benefit from a referral to a lymphedema 
specialist. A multi-modality approach to manag-
ing BLE is preferred. Manual therapy, proper bra 
fit, use of compression bra, and education regard-
ing skin care can all be an integral part of Ms. L’s 
care plan. BLE has been associated with lower 
QOL and body image [56]. It is important to be 
able to correctly diagnose BLE to avoid unneces-
sary medical treatment and improve our patient’s 
quality of life.

�Future of BCRL and Lymphedema 
Interventions

The field of lymphedema management continues 
to advance with technological developments. On 
the molecular level, components of the patho-
physiology of lymphedema still need to be inves-
tigated. There is exciting research looking into 
the use of adipose-derived stem cells, modulation 
of the lymphedema microenvironment, and pre-
emptive treatment for BCRL through primary 
lymphatic anastomosis with breast reconstruc-
tion [59, 60]. The future of BCRL might include 
injections of vascular endothelial growth factor-
C which regulates lymphangiogenesis or medica-
tions that target CD4+ T Helper 2 cells to prevent 
the formation of lymphedema [61].

At the patient level, further research into best 
diagnostic practices, preventative techniques, and 
surveillance methods would be helpful in treating 
patients with BCRL.  While there is some dis-
agreement among experts regarding specific clin-
ical practice guidelines for BCRL, it is generally 
agreed that a multidisciplinary approach is opti-
mal for managing this condition. For now, we can 
focus on diagnosing these patients early and pre-
venting the progression of BCRL.  Among 
researchers in the field of BCRL, there are move-
ments for providers to engage in “surveillance 
practices” – monitoring patients preemptively for 
subclinical or clinical signs of lymphedema 
through physical exam and imaging methods 
[62]. In a prospective study of 186 patients treated 
for breast cancer, Soran, et al. (2014) found that 

the surveillance group experienced clinical 
BCRL 30% less than the control group [62]. The 
surveillance group was followed with bioimped-
ance spectroscopy (BIS) every 3–6  months for 
5  years with conservative interventions (i.e., 
compression garments, exercises, etc.) started 
with signs of subclinical lymphedema. The con-
trol group had an initial preoperative BIS 
measurement and were limited to only clinical 
follow-ups. Further research regarding diagnosis, 
examination, and treatment of BCRL is needed to 
further refine care for breast cancer survivors.

�Section 3: Shoulder Pain and Joint 
Dysfunction

�Shoulder Impairment in Breast 
Cancer Survivors

�Case Study #3
Ms. Z is a 55-year-old female who presents for 
her annual follow-up appt. She had Stage IIC left 
breast cancer and underwent a mastectomy with 
an axillary lymph node dissection, chemother-
apy, and radiation treatment 2 years ago. She 
returned to her job as elementary school teacher. 
She enjoys yoga and swimming. She reports that 
she is feeling pretty good but has some pain and 
difficulty performing tasks that require overhead 
motions with her left shoulder. When she demon-
strates overhead motions, she has decreased 
range on the left side compared to the right side. 
She reports she cannot hold her arm in an over-
head position for more than 30–60 seconds. She 
points to her anterior shoulder as the area that is 
most painful.

Is this presentation related to her previous 
treatment or worrisome for new onset of 
disease?

Is her primary complaint something that can 
be addressed, or does the patient need to be 
instructed on adaptive techniques because there 
is no likelihood of improvement?

�Overview
Pain and joint dysfunction of the shoulder are fre-
quent side effects experienced by breast cancer 
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survivors [63]. The prevalence rate for pain 
ranges from 12% to 51%. The prevalence rate for 
joint dysfunction ranges from 1.5% to 50% [64]. 
Categories of shoulder pain are listed in 
Table 14.9.

Musculoskeletal nociceptive pain can result 
from any intervention that impacts the neuromus-
culoskeletal tissues of the shoulder region, 
including surgery and radiation for breast cancer. 
This  results in pain, limitation of joint range of 
motion, and hypoesthesia [67]. Pain that results 
from breast surgery may result in individuals 
using a variety of motor strategies to avoid pain, 
resulting in reduced shoulder range of motion, 
subacromial impingement, and pain. Shortening 
of the pectoral muscle often occurs secondary to 
protective splinting, scar formation, and poor 
posture. This can lead to depression and protrac-
tion of the adjacent shoulder joint.

Neuropathic pain can occur because of the 
cancer lesion or secondary to the hormonal ther-
apy that includes aromatase inhibitors required to 
manage the disease [68]. Post mastectomy pain 
syndrome is an example of a neuropathic pain 
syndrome. Postmastectomy pain syndrome 
(PMPS) remains poorly defined, although it is 
applied to chronic neuropathic pain following 
surgical procedures of the breast, including mas-
tectomy and breast-conserving surgery. It is char-
acterized by persistent pain affecting the anterior 
thorax, axilla, and/or medial upper arm following 
mastectomy or lumpectomy. Though the onset of 
pain is most likely after surgery, there may also 
be onset following adjuvant therapy, including 
chemotherapy or radiation therapy [69]. (Also 
see Chaps. 7 and 8, Persistent Breast Pain (PBP) 
and Common Issues in Breast Cancer Survivors: 
A Practical Guide to Evaluation and Management 
of Neuropathy.)

Radiotherapy-induced shoulder pain is often 
present, due to skin changes/burns, pain, and 
scarring of the chest wall/pectoral muscles. 
Radiation to skeletal muscles can cause fibrosis, 
atrophy, and pain.

Chronic persistent pain is present in as many 
as 50% of breast cancer patients 6 months after 
surgery [68]. These individuals often have higher 
depression and anxiety scores as well. Even when 
the pain is not directly in the shoulder, it can 
affect the willingness and confidence of the 
patient to use the shoulder with their activities of 
daily living, job-related tasks, and recreational 
activities.

�Referral/Interventions
Any time a survivor presents to your clinic with 
complaints of shoulder pain or decreased shoul-
der function, it is recommended to place a refer-
ral to physical therapy. Multimodal physical 
therapy has been shown to be an effective inter-
vention after breast cancer surgery. These inter-
ventions include manual therapy, flexibility, and 
resistance exercises. Education regarding pain 
pathophysiology and assessment for lymph-
edema are also important components for patient 
care. Exercise not only improves the motion and 
movement patterns of the shoulder but can also 
help reduce the anxiety a patient may be experi-
encing regarding their condition [70]. Cognitive 
behavioral techniques and education on proper 
sleep hygiene in conjunction with a supervised 
exercise program can further enhance patient out-
comes. A multidisciplinary team approach that 
includes expertise of both medical and rehabilita-
tion professionals provides the best care.
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Bone Loss

Patrick B. Cacchio, Jennie Petruney, 
and Kenneth W. Lyles

�Introduction

Due to continuous improvements in early detec-
tion and treatment, the number of breast cancer 
survivors has grown steadily over the past three 
decades. Five-year survival rates now eclipse 
90%, though significant regional and ethnic dis-
parities exist [1]. Estimates suggest that there are 
over three million breast cancer survivors in the 
USA with over 70% of these aged 60 and older 
[2]. While historically most of these patients have 
been followed closely by oncology teams, given 
the growing number of survivors, much of their 
health care will now ultimately be delivered 
through primary care [3]. The majority of breast 
cancer survivors will have received a combina-
tion of surgical, radiation, and chemotherapy 
treatments for their cancer, many with long-term 
effects as discussed elsewhere in this text. The 
net effects of these treatments often result in a 
significant loss of bone mass, such as that from 
local radiation effects, premature menopause 
from oophorectomy or chemotherapy, and 

increased resorption due to adjuvant endocrine 
therapies.

Therefore, it is not a surprising finding that 
breast cancer survivors have a significantly 
increased risk of clinical fractures [4]. Studies 
have shown fragility fracture rates as high as 
13.6% over a 5-year period [5]. In particular, 
breast cancer survivors may have as high as a 
20-fold increased risk of vertebral fracture, even 
among those without skeletal metastases [6]. 
Fractures are significant clinical events that 
incur high morbidity, resulting in chronic pain, 
deformity, and loss of function. It has been 
shown that after hip fracture, only 50% of 
patients will regain their pre-fracture level of 
activity and independence; in addition, 10–20% 
of patients will become institutionalized after 
hip fracture [7]. Most importantly, numerous 
studies have shown mortality rates of as high as 
25% in the first year after hip fracture [7]. Breast 
cancer survivors with history of a pre-existing 
fragility fracture have also been shown to have 
decreased survival [8].

Despite the established association between 
breast cancer, bone loss, fractures, and survival, 
several gaps in screening and treatment exist. 
Joint ACS and ASCO guidelines recommend a 
baseline dual-energy X-ray absorptiometry 
(DXA) screening for all postmenopausal breast 
cancer survivors, as well as baseline screening 
for premenopausal women treated with selective 
estrogen receptor modulators (SERMs) [9]. 
Follow-up DXA is recommended every 2 years 
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in these populations. Unfortunately, recent stud-
ies suggest that less than half of these highest-
risk patients are appropriately screened with 
DXA, and treatment rates are similarly low [10]. 
Therefore, opportunity exists for clinicians to 
improve screening and treatment practices to fur-
ther improve clinical outcomes for breast cancer 
survivors.

�Pathophysiology

Estrogen plays an important role in the growth 
of bone and maintenance of skeletal strength. 
The net actions of estrogen cause essentially a 
decrease in bone resorption, primarily by caus-
ing a decrease in osteoclast precursors and an 
increase in osteoclast apoptosis [11]. These 
actions occur predominantly through signaling 
at the estrogen receptors, alpha and beta. In con-
trast, estrogen deficiency, such as in the post-
menopausal state, causes a net increase in bone 
resorption. Therefore, breast cancer survivors 
who undergo premature menopause induced by 
surgery or chemotherapy are at risk for signifi-
cant bone loss. In premenopausal women treated 
with gonadotropin-releasing hormone (GnRH) 
agonists, pituitary gonadotropins are reduced, 
and the resulting hypogonadism induces bone 
loss [12]. Similarly, use of aromatase inhibitors, 
which block conversion of androgens to estro-
gen and result in estrogen deprivation, also 
results in net bone loss. This has been confirmed 
in clinical trials, where results have shown not 
only a decrease in bone density in patients 
treated with aromatase inhibitors but also an 
increase in fracture risk [13–15]. Similar rates 
of bone loss and fracture have been shown with 
both steroidal and nonsteroidal aromatase inhib-
itors [16].

Limited data also suggests an association 
between chemotherapy regimens and bone loss 
[17]. The etiology of bone loss during chemo-
therapy remains unclear, but is likely due to a 
combination of ovarian dysfunction, effects of 
the chemotherapy itself on slowing bone turn-
over, renal dysfunction, as well as increased bone 

resorption and decreased bone formation from 
supportive therapies such as glucocorticoids [12].

Radiation therapy is also associated with bone 
injury, with predominantly local effects occur-
ring within the irradiated field. This occurs sec-
ondary to changes in the bone microenvironment, 
resulting in fibrosis and osteoblast and osteoclast 
imbalances [12]. Therefore, it is not surprising 
that in breast cancer survivors receiving radia-
tion, an increase in low-trauma rib fractures has 
been reported [5].

Some data also suggests that patients with 
hormone receptor-positive breast cancer may 
have occult disseminated tumor cells within 
bone. While the process of metastatic spread is 
complex, there is evidence that the presence of 
tumor cells in bone likely correlates with 
relapse [18]. Therefore, it might be expected 
that adjuvant bone-directed therapies could 
have beneficial effects on both skeletal-related 
events and disease-free survival for breast can-
cer survivors.

�Clinical Evaluation

To accurately assess an individual’s bone health 
and fracture risk as they transition from active 
treatment to surveillance and survivorship, a 
carefully updated medical history is essential. 
While net bone loss is expected to occur during 
adult life, it can also occur as a result of second-
ary processes such as diseases and medications. 
Peak bone mass is achieved by the third decade 
of life [19]. Therefore, poor nutrition, concomi-
tant disease, or prolonged amenorrhea in females 
may negatively affect peak bone mass accrual. In 
addition, as many as one fourth of adults with 
osteoporosis may have secondary processes 
influencing their skeletal status and fracture risk. 
A list of secondary causes of bone loss are listed 
in Table 15.1. Surgical history, particularly as it 
may pertain to previous fractures or bony abnor-
malities, may also be revealing, as well as a his-
tory of bariatric procedures, which can lead to 
bone loss and secondary hyperparathyroidism 
from malabsorption.
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Table 15.1  Secondary causes of osteoporosis including pertinent testing

Condition Pertinent testing
Endocrine disorders Hypercalciuria

Hypercortisolism
Hyperparathyroidism
Hyperthyroidism
Hypogonadism
Panhypopituitarism
Type 1 and type 2 diabetes mellitus

24-hour urine studies for calcium, cortisol, and 
creatinine
Dexamethasone suppression testing
Midnight salivary cortisol
Intact parathyroid hormone and ionized 
calcium
Thyroid stimulating hormone (TSH) and free 
thyroxine (T4)
Follicle stimulating hormone, luteinizing 
hormone, estradiol
Morning fasting total testosterone
Prolactin
Hemoglobin A1c, fasting blood glucose

Gastrointestinal disorders Celiac disease
Cirrhosis
Gastric bypass
Inflammatory bowel disease
Primary biliary cirrhosis

TTG-IgA testing
Hepatic function panel
Gamma-glutamyl transferase
Esophagogastroduodenoscopy
Colonoscopy

Genetic and connective 
tissue disorders

Ankylosing spondylitis
Ehlers-Danlos syndrome
Gaucher disease
Marfan syndrome
Osteogenesis imperfecta
Pompe disease
Rheumatoid arthritis

Genetic testing as clinically indicated

Hematologic disorders Hemochromatosis
Mastocytosis
Multiple myeloma
Sickle cell disease
Thalassemia

Complete blood count
Iron studies
Serum tryptase
Serum and urine protein electrophoresis

Nutritional deficiencies Anorexia nervosa, bulimia
Calcium
Magnesium
Vitamin D

Serum calcium and albumin
Serum magnesium
25-OH vitamin D

Medications Antiepileptics
Depot medroxyprogesterone acetate
Glucocorticoids
Gonadotropin-releasing hormone 
agonists
Heparin
Immunosuppressants: Cyclosporine, 
tacrolimus
Methotrexate
Proton pump inhibitors
Selective serotonin reuptake 
inhibitors

Pharmacy records

Other Alcohol
Tobacco
Heart failure
Cystic fibrosis
End stage renal disease
Immobilization
Multiple sclerosis
Amyloidosis
Sarcoidosis
Pregnancy-associated osteoporosis
Transient osteoporosis

Ethanol
Nicotine
Brain natriuretic peptide Creatinine
Bone biopsy
Magnetic resonance imaging
1,25-dihyroxyvitamin D
Angiotensin converting enzyme
Chest x-ray
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Family history is an important determinant of 
one’s fracture risk, as current estimates indicate 
as much as two-thirds of peak bone mass is 
genetically determined [19]. Therefore, a family 
history of osteoporosis is predictive of an indi-
vidual’s bone density. In addition, a history of hip 
fracture in either parent has been shown to be a 
strong independent risk factor for osteoporotic 
fracture [20].

Similarly, a personal history of low-trauma 
fracture has been shown to be a powerful pre-
dictor of subsequent fracture [21]. Low-trauma 
fractures are defined as fractures involving the 
force from a standing height fall or less. These 
most commonly affect the vertebrae, proximal 
femur, distal forearm, and proximal humerus. 
In addition, data would suggest that the ribs, 
proximal tibia, and pelvis are also prone to fra-
gility fractures. Recent studies have shown that 
the risk for subsequent fracture is highest 
within the first 2 years following a low-trauma 
fracture [22].

Physical examination is helpful to indicate 
the presence of osteoporotic fracture but also 
may potentially identify secondary processes 
influencing bone health. Height loss, best mea-
sured with a calibrated device such as stadiom-
eter, of greater than 4  cm from maximum 
reported adult height is predictive of vertebral 
fracture [23]. In addition, the rib-to-pelvis dis-
tance and wall-to-occiput measurements have 
also been well-correlated with the presence of 
existing vertebral compression fractures [24]. 
Lateral x-rays of the thoracic and lumbar spine 
can confirm the presence of vertebral compres-
sion fractures. Other examples of physical exam 
findings pertinent to fracture risk would include 
such observations such as bony tenderness asso-
ciated with osteomalacia, blue sclerae seen with 
osteogenesis imperfecta, facial plethora and 
striae of Cushing syndrome, and goiter or pro-
ptosis from hyperthyroidism. In addition, func-
tional testing such as sit-to-stand and gait 
analysis can be helpful to identify patients at 
high risk for falls and fracture, or those who 
might benefit most from formal physical ther-
apy assessment.

Laboratory studies are useful as an adjunct to 
the evaluation of the bone health of breast cancer 
survivors. Standard chemistries to evaluate renal 
and liver function, as well as serum calcium and 
25-OH vitamin D levels, are recommended as 
part of the initial evaluation. Many clinics also 
screen for hypercalciuria and hypocalciuira with 
24-hour urine calcium studies, as these condi-
tions can negatively impact bone health. As clini-
cally indicated, we recommend measuring intact 
parathyroid hormone levels to screen for primary 
or secondary hyperparathyroidism, thyroid func-
tion testing for hyperthyroidism, serum phospho-
rus levels for hypophosphatemic disorders, 
alkaline phosphatase levels for hypophosphata-
sia, urinary 24-hour cortisol levels for Cushing 
syndrome, and serum/urine protein electrophore-
sis for multiple myeloma. Recent guidelines sug-
gest potential utility of serum and urinary bone 
turnover markers, including bone-specific alka-
line phosphatase, procollagen type 1 N-terminal 
propeptide, C-terminal telopeptide, and 
N-terminal telopeptide, in the assessment of 
osteoporosis treatment response or adherence, 
though optimal parameters for monitoring remain 
unclear due to diurnal variability, effects of food, 
and interassay differences [25].

Dual-energy X-ray absorptiometry (DXA) 
remains the gold standard imaging modality for 
the diagnosis of osteoporosis. This is primarily 
due to its ability to predict fractures, wide avail-
ability, low cost, low radiation dose, and the 
presence of robust normative databases [26]. 
Commonly measured sites include the lumbar 
spine and proximal femur, since these sites 
appear to correlate best with fracture risk [27]. 
Conditions such as hyperparathyroidism and 
malabsorption may induce more cortical bone 
loss, and therefore if clinically indicated, the 
distal forearm may also be included in a DXA 
study [28]. For postmenopausal women, the 
T-score, which is a comparison to the young 
adult mean, is used for diagnosis. A T-score at 
the spine, femoral neck, total hip, or distal third 
of the radius of less than or equal to −2.5 is 
diagnostic of osteoporosis. T-score values at 
any of the same sites between −1.0 and −2.5 
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are classified as osteopenia or low bone mass. 
The lowest T-score is utilized for diagnosis. For 
premenopausal women, a Z-score is utilized for 
diagnosis, which represents a comparison to a 
healthy age, gender, and ethnic-matched mean. 
A Z-score at any site less than −2.0 is consid-
ered to be low bone density for age. Advances 
in imaging technology such as trabecular bone 
scores (TBS), vertebral fracture assessment 
(VFA), and quantitative computed tomography 
(QcT) can be additive to DXA measurements in 
certain populations, though are currently lim-
ited by cost, availability, and radiation exposure 
in the case of QcT.  While DXA remains the 
gold standard for assessment of bone density, it 
is important to note that errors are not uncom-
mon due to a combination of technical aspects 
as well as inconsistencies in analysis [29]. 
Therefore, it is paramount that clinicians have 
an understanding of the high-quality DXA stan-
dards as set forth by the International Society 
for Clinical Densitometry (ISCD). It is recom-
mended that clinicians review actual DXA scan 
images to differentiate technical problems such 
as artifacts or positioning errors, from clini-
cally significant biological changes in bone 
density.

In addition to DXA assessment, several frac-
ture risk prediction models exist, with the most 
widely utilized being FRAX.  FRAX is a 
computer-based algorithm made publicly avail-
able through the World Health Organization 
(https://www.sheffield.ac.uk/FRAX/). It utilizes 
easily obtained clinical risk factors such as frac-
ture history, parenteral history of hip fracture, 
and glucocorticoid use, along with femoral neck 
BMD, to provide individualized 10-year risk of 
osteoporotic fracture. The algorithm is able to 
adjust for observed differences among fracture 
rates between countries and in the USA, among 
ethnicities. In the USA, guidance exists to insti-
tute pharmacologic treatment based on specific 
thresholds, which are currently 20% for major 
osteoporotic fracture or 3% for hip fracture. The 
predictive value of FRAX has been replicated in 
breast cancer survivors, including those receiving 
aromatase inhibitor therapy [30].

�Management of Bone Loss 
and Fracture Risk

�Lifestyle Modification

In many regards, the first step in addressing the 
bone health of breast cancer survivors is to ensure 
appropriate lifestyle modifications to reduce fur-
ther bone loss and fracture risk. While some debate 
exists regarding the utility of various supplements, 
most clinicians support the recommendation for 
adequate intake of calcium and vitamin D as 
important for bone health. Current guidelines rec-
ommend daily calcium intake of 1200  mg for 
women, which can be obtained from any combina-
tion of dietary sources and/or supplements [31]. 
Available data does not demonstrate increased car-
diovascular risk at this level of daily calcium 
intake [32], though there is a concern for risk of 
nephrolithiasis with calcium supplements in cer-
tain individuals, and therefore dietary calcium is 
preferred for those with a history of nephrolithiasis 
[33]. Adequate vitamin D intake is necessary for 
calcium absorption, as well as bone and muscle 
health; the Institute of Medicine advocates for 
serum 25OH-D levels of at least 20 ng/mL, while 
other guidelines would recommend maintenance 
of levels >30  ng/mL in those with osteoporosis 
[31]. For most patients, daily intake of 800–
1000  units of vitamin D should be sufficient, 
though for those with lower baseline levels, doses 
as high as 4000 units daily may be required and are 
considered safe. Available data suggests a poten-
tial reduction in fractures with vitamin D and cal-
cium [34], though this has not been demonstrated 
in breast cancer survivors [35].

As a majority of osteoporotic fractures occur 
from falls, a comprehensive falls risk assessment is 
essential for the management of breast cancer sur-
vivors at increased risk for fracture. This may con-
sist of any combination of functional testing by the 
clinician, formal physical therapy assessment, 
home-based occupational therapy evaluation, as 
well as vision and hearing studies. A combination 
of regular weight-bearing and muscle-strengthening 
exercise is recommended and has demonstrated 
beneficial effects in breast cancer survivors [36]. 
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Weight-bearing exercise may include modalities 
such as walking, jogging, elliptical machines, ten-
nis, dance, step aerobics, and Tai Chi. Common 
resistance exercises include utilization of light 
weights, resistance bands, yoga, and Pilates. For 
patients with osteoporosis and especially those 
with a history of vertebral fractures, formal physi-
cal therapy guidance for instruction on proper spine 
mechanics can be particularly helpful prior to initi-
ating an exercise program.

Additional lifestyle modifications for fracture 
risk reduction include appropriate counseling and 
referrals for smoking and alcohol cessation, as 
both have been shown to be independent predic-
tors of fracture and are incorporated into the 
FRAX assessment. The negative health effects of 
smoking are well-described, and alcohol intake 

of greater than 2 drinks per day has also demon-
strated negative skeletal effects.

�Pharmacologic Treatment

The decision to initiate pharmacologic treat-
ment for bone protection remains individual-
ized, though an extensive literature exists to 
support the efficacy of various medications to 
prevent bone loss and fracture and to poten-
tially improve survival for breast cancer sur-
vivors. A list of available pharmacologic 
treatments is included in Table  15.2, with a 
proposed algorithm for breast cancer survi-
vors on adjuvant aromatase inhibitor therapy 
provided in Fig. 15.1.

Table 15.2  Available bone-directed medications studied in breast cancer survivors

Class Agents Advantages Disadvantages
Selective estrogen receptor 
modulators (SERMs)

Tamoxifen
Raloxifene

Reduction in breast cancer 
recurrence (tamoxifen only)
Prevention of breast cancer in 
high-risk patients
Prevention of bone loss in 
postmenopausal patients
Fracture prevention in breast 
cancer survivors (tamoxifen 
only)

Bone loss in premenopausal 
women
Risk of thromboembolism
Bone loss with discontinuation

Oral bisphosphonates Alendronate
Risedronate
Ibandronate

Prevention of bone loss
Well-tolerated
Cost-effective
Potential survival benefits in 
postmenopausal patients
Potential persistent bone 
protection with discontinuation

Lack of fracture prevention data in 
breast cancer survivors
Poor compliance

Parenteral bisphosphonates Zoledronic 
acid

Prevention of bone loss in breast 
cancer survivors
Fracture prevention in breast 
cancer survivors
Demonstrated survival benefit
Well-tolerated
Good compliance
Cost-effective
Potential persistent bone 
protection with discontinuation

Potential acute phase reaction
Risk of osteonecrosis of the jaw 
and atypical femur fractures
Contraindicated in renal 
insufficiency (CrCl <35 mL/min)

RANKL inhibitor Denosumab Prevention of bone loss in breast 
cancer survivors
Fracture prevention in breast 
cancer survivors
Potential disease-free survival 
benefit
Well-tolerated
Good-compliance
Generally safe in patients with 
renal insufficiency

Rebound bone loss and vertebral 
fracture with discontinuation
Potential immunosuppression
Risk of osteonecrosis of the jaw 
and atypical femur fracture
Cost
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�Selective Estrogen Receptor 
Modulators (SERMs)

Selective estrogen receptor modulators (SERMs) 
have long been shown to prevent osteoporosis in 
postmenopausal women. With respect to breast 
cancer prevention and treatment, tamoxifen, a 
first-generation SERM is primarily used to 
reduce breast cancer recurrence in women with a 
history of hormone positive breast cancer. It has 
also been shown to be effective as chemopreven-
tion in women at high risk of developing breast 
cancer [37]. Raloxifene, a second-generation 
SERM is used as chemoprevention in high-risk 
women but has not been shown to reduce recur-
rence risk in women with a history of breast can-
cer [38].

Tamoxifen has estrogenic effects in some tis-
sue, such as the endometrium, bone, and cardio-
vascular system, while antiestrogenic in others, 
such as breast cells. For this reason, tamoxifen 
is regarded to be relatively bone protective while 
also reducing breast cancer recurrence risk. 
There is evidence to support improvements in 
bone mineral density (BMD) for postmeno-
pausal women receiving tamoxifen as a treat-
ment for breast cancer. A prospective study of 
140 women randomized to tamoxifen vs pla-
cebo and found the mean bone mineral density 

in the lumbar spine increased by 0.61 percent 
compared to a decrease of 1.0 percent per year 
in the placebo group [39]. Even more striking, 
data from the NASBP Breast Cancer Prevention 
Trial including 13,388 women found a 32% 
reduction in osteoporotic fractures in postmeno-
pausal women taking tamoxifen vs placebo at 
7-year follow-up [37].

Unfortunately, the bone effect of tamoxifen 
differs in premenopausal women. Although 
tamoxifen acts like estrogen in the bones of post-
menopausal women, it may antagonize the more 
potent activity of endogenous estrogen in pre-
menopausal women. Tamoxifen, compared to 
placebo, decreases bone density in the hip and 
spine of premenopausal women [40]. For young 
women with a history of breast cancer receiving 
the LHRH agonist goserelin, BMD decreased 
significantly compared to the control arm. For 
women on combined LHRH agonist and tamoxi-
fen and for women receiving tamoxifen alone, 
BMD still was shown to be significantly 
decreased compared to the control group; how-
ever the decrease was less than with ovarian sup-
pression alone [41].

Additional evidence of a differential effect 
for tamoxifen in premenopausal women comes 
from a large statistical analysis involving greater 
than 11,000 women. The study evaluating 5520 

Postmenopausal breast cancer survivor receiving
adjuvant aromatase inhibitor therapy

• T-scores > -1.0 AND
• No prior low trauma fracture AND

• 10-year major fracture risk <20% AND
• 10-year hip fracture risk <3%

• Lifestyle modification
• Repeat DXA every 2 years

• Lifestyle modification AND
• Oral bisphosphonate OR

• Parenteral bisphosphonate OR
• Denosumab

• Repeat DXA every 2 years

• Lifestyle modification AND
• Parenteral bisphosphonate OR

• Denosumab
• Repeat DXA every 1-2 years

• T-scores < -1.0 and > -2.5 AND
• No prior low trauma fracture AND

• 10-year major fracture risk <20% AND
• 10-year hip fracture risk <3%

• T-scores ≤ -2.5 OR
• Prior low trauma fracture OR

• 10-year major fracture risk ≥20% OR
• 10-year hip fracture risk ≥3%

Low Risk Intermediate Risk High Risk

Fig. 15.1  Potential algorithm for treatment of postmenopausal breast cancer survivors receiving aromatase inhibitor 
treatment
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women between the ages of 18 and 90 with 
breast cancer receiving tamoxifen vs 5520 age 
matched healthy controls reveals that the cumu-
lative incidence of fractures was 6.5% for pre-
menopausal women on tamoxifen vs 3.6% in 
the control group. For women ages 55–90, there 
was not a difference in fracture risk for the 
tamoxifen vs control groups [42]. This study 
supports the idea that fracture risk may be 
higher for premenopausal women on tamoxifen; 
however the investigators did not control for 
prior chemotherapy or LHRH agonist exposure 
which could also accelerate bone loss in this 
group. Unfortunately, this trial did not demon-
strate a decrease in fracture risk for postmeno-
pausal women with tamoxifen use. Nonetheless 
others have found a potential fracture risk reduc-
tion related to tamoxifen use [37].

Raloxifene has been shown to have antiestro-
genic effects on breast and endometrial tissue and 
estrogenic effects on bone, lipid metabolism, and 
blood clotting. Raloxifene is approved for the 
prevention of osteoporosis in postmenopausal 
women and has been found to reduce the risk of 
invasive breast cancer in high-risk women [38, 
43]. Raloxifene however is not indicated as adju-
vant therapy in women with a history of breast 
cancer.

�Oral Bisphosphonates

The oral bisphosphonates alendronate, risedro-
nate, and ibandronate have been studied and 
used for the treatment of postmenopausal osteo-
porosis for the past three decades. They are 
widely available, cost-effective, and available 
for daily, weekly, or monthly dosing. Due to 
potential for esophagitis and generally poor drug 
absorption, these medications must be adminis-
tered on an empty stomach with water, and 
patients are advised to remain upright for at least 
30 minutes after each dose. In general, they are 
well-tolerated, though upper gastrointestinal and 
musculoskeletal adverse effects are not uncom-
mon. With long-term use, there is increased risk 
for osteonecrosis of the jaw and atypical femur 
fracture, though these risks remain low and are 

typically eclipsed by the benefit of reducing the 
high risk of osteoporotic fracture for most 
patients undergoing treatment. However, due to 
concerns regarding these rare adverse effects, as 
well as inconvenient dosing, compliance with 
oral bisphosphonates remains poor, with one-
year persistence as low as 20–30% in many 
instances [44]. Oral bisphosphonates are gener-
ally contraindicated for patients with renal insuf-
ficiency and creatinine clearance (CrCl) <35 mL/
min, though limited data does exist demonstrat-
ing safety in patients with GFR <35 [45]. Due to 
the potential for esophagitis, oral bisphospho-
nates are typically contraindicated in patients 
with esophageal dysmotility, stricture, or an 
inability to remain upright after dosing. In the 
postmenopausal population, alendronate and 
risedronate have demonstrated efficacy in reduc-
ing both vertebral and nonvertebral fractures, 
while ibandronate has shown a significant reduc-
tion in vertebral fracture risk. All three oral 
bisphosphonates have been well-studied in 
breast cancer survivors, and in particular patients 
undergoing adjuvant aromatase inhibitor ther-
apy. Alendronate has been shown to prevent 
aromatase-inhibitor associated bone loss [46], as 
has risedronate [47, 48] and ibandronate [49, 
50]. It is notable that most studies of oral 
bisphosphonates were not powered to demon-
strate fracture risk reduction in breast cancer sur-
vivors, though risedronate has demonstrated 
improvements in quality of life outcomes [51]. 
Most importantly, however, cohort studies and 
pooled analyses suggest a potential survival ben-
efit for breast cancer survivors treated with oral 
bisphosphonates [52, 53]; this effect is most pro-
nounced in postmenopausal patients [54]. In the 
postmenopausal osteoporosis setting, a treat-
ment holiday is often considered for lower-risk 
patients after 5 years of treatment with an oral 
bisphosphonate based on available data [55], 
though continued treatment may be considered 
for higher-risk patients. Data is currently lacking 
regarding the value of a bisphosphonate treat-
ment holiday for breast cancer survivors, though 
intuitively these patients would remain at high 
risk of bone loss as long as they remain on an 
aromatase inhibitor.
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�Parenteral Bisphosphonates

While ibandronate and pamidronate are available 
in parenteral formulations, zoledronic acid 
remains the predominant parenteral bisphospho-
nate used in the clinical setting, and this use is 
supported by substantial clinical trial data within 
the breast cancer survivor population. In these 
patients, typical protocols advocate for use of 
4 mg of zoledronic acid dosed either every 6, 12, 
or 18 months. However, due to institutional, pop-
ulation, and protocol differences, the optimal 
dosing of zoledronic acid in breast cancer survi-
vors remains somewhat unclear. Multiple large 
trials have consistently demonstrated efficacy for 
zoledronic acid at prevention of aromatase-
inhibitor associated bone loss in post- [56–59] 
and pre-menopausal women [60]. More recently, 
randomized clinical trial data has demonstrated a 
significant reduction in fracture rate in breast 
cancer survivors treated with zoledronic acid 
[61]. As with oral bisphosphonates, pooled clini-
cal trial data is suggestive of potential disease-
free and overall survival benefits for zoledronic 
acid within postmenopausal breast cancer survi-
vors [53, 54, 62]. These benefits appear to be 
independent of ER status, tumor grade, and level 
of bone density, but have not been demonstrated 
within a premenopausal breast cancer survivor 
population [54]. It is also particularly noteworthy 
that within patients who have recently suffered a 
hip fracture, zoledronic acid has demonstrated a 
substantial mortality benefit [63], perhaps mak-
ing it a preferred treatment in that specific clini-
cal setting. Zoledronic acid is typically 
contraindicated in patients with CrCl <35  mL/
min, though reduced dosing can be considered in 
certain situations; it also should not be utilized in 
patients with hypocalcemia. The most common 
adverse effect to zoledronic acid is an acute phase 
reaction consisting of fever, myalgias, and 
fatigue, which occurs within 3 days of adminis-
tration and typically resolves within 14 days; it 
has been reported in as many as 25% of patients. 
Recent data has demonstrated that prior oral 
bisphosphonate use, vitamin D sufficiency, and 
slower infusion rates may all be protective against 
the acute phase reaction, which is also less fre-

quent with subsequent treatments [64]. As with 
oral bisphosphonates, there are rare incidences of 
osteonecrosis of the jaw and atypical femur frac-
tures reported with zoledronic acid, with higher 
risk likely seen due to the more potent nature of 
the drug. Also as with oral bisphosphonates, 
treatment holidays are often considered for low-
risk non-cancer patients after 5 years of therapy 
[55], though again, definitive data is lacking to 
guide this decision-making regarding frequency 
and duration of bisphosphonate in the breast can-
cer survivor population.

�Denosumab

Denosumab is a monoclonal antibody to receptor 
activator of nuclear factor kappa-beta ligand 
(RANKL) administered by subcutaneous injec-
tion. In the osteoporosis and breast cancer 
survivor populations, denosumab is dosed every 
6 months. The efficacy of denosumab in the 
breast cancer survivor population is supported 
primarily by two clinical trials, HALT-BC and 
ABCSG-18. The HALT-BC trial was the first to 
demonstrate a BMD benefit for breast cancer sur-
vivors treated with denosumab and adjuvant aro-
matase inhibitors [65]. More recently, the 
ABCSG-18 study has demonstrated a clear frac-
ture benefit, as well as potential disease-free sur-
vival benefits in those with ER+/PR+ cancer with 
use of denosumab [66, 67]. Denosumab is typi-
cally well-tolerated, though can cause significant 
hypocalcemia, and those with renal insufficiency 
are at highest risk of this complication. As 
RANKL is expressed in lymphocytes, inhibition 
with denosumab can lead to immunosuppression, 
and an increase in infections has been seen in 
clinical trials of immunosuppressed patients with 
denosumab [68]. As with other antiresorptive 
therapies, both osteonecrosis of the jaw and atyp-
ical femur fractures have also been reported with 
denosumab. Perhaps of greatest clinical signifi-
cance is the observation of rapid bone loss and 
the risk of multiple vertebral fractures with abrupt 
discontinuation of denosumab [69, 70]. For this 
reason, a holiday from denosumab is not recom-
mended [71]. Current data has demonstrated 
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safety and efficacy for up to 10 years of continu-
ous use of denosumab in the postmenopausal 
osteoporosis population [72]. The optimal strat-
egy for discontinuation of denosumab is yet to be 
determined, though dosing of a parenteral 
bisphosphonate, such as zoledronic acid, at the 
end of therapy has been studied with limited suc-
cess [73].

�Hormone Replacement Therapy

Estradiol has long been shown to improve bone 
health and reduce fracture risk for aging 
women. After the results of the Women’s Health 
Initiative (WHI) revealed the risks of hormone 
replacement therapy may outweigh the benefits, 
oral estradiol became less commonly prescribed 
for postmenopausal women [74]. More recently 
there is some thought that using estradiol at low 
doses or transdermally may be a safe and cost-
effective strategy to prevent or treat osteoporo-
sis [75]. This approach has not been shown to 
be safe in women with a history of breast can-
cer or who are at high risk of developing breast 
cancer in their lifetime. In fact, a recent meta-
analysis suggests that the use of estradiol in 
breast cancer survivors who are older than age 
50 years at diagnosis may increase the risk of 
recurrence [76]. As there are several other 
options that have been established for safe and 
effective use in breast cancer survivors, estra-
diol is not generally recommended for bone 
protection.

�Recombinant Parathyroid Hormone

Teriparatide and abaloparatide are recombinant 
analogs of parathyroid hormone approved for 
treatment of postmenopausal osteoporosis in the 
USA. They must be self-administered subcutane-
ously on a daily basis. Clinical trials demonstrate 
that these agents improve bone density and 
reduce vertebral and nonvertebral fractures [77, 
78]. However, these treatments were both associ-
ated with osteosarcoma in preclinical studies and 
carry a black box warning as a result. There is 

currently no published clinical trial data demon-
strating safety or efficacy for these agents in 
breast cancer survivors. They are contraindicated 
in patients with skeletal metastases, prior radia-
tion therapy involving the skeleton, Paget dis-
ease, and hypercalcemia. Given the potential 
risks, cost of treatment, and lack of available 
safety data, most clinicians choose to avoid these 
agents in breast cancer survivors.

�Romosozumab

Romosozumab is a monoclonal antibody that 
inhibits sclerostin, resulting in a net increase in 
bone formation and decrease in bone resorption. 
It is administered via monthly subcutaneous 
injections and has been shown to improve bone 
density as well as reduce vertebral and nonverte-
bral fractures [79]. Romosozumab is currently 
indicated for postmenopausal women with 
osteoporosis at high risk of fracture defined as 
those women with a history of osteoporotic frac-
ture, multiple risk factors for fracture, or with 
failure/intolerance of other available osteoporotic 
therapies. Based on clinical trial data, it carries a 
black box warning for myocardial infarction and 
stroke risk, and is contraindicated in patients who 
have had an ischemic event within the past year. 
Romosozumab is typically well-tolerated, but its 
use is limited to 12 monthly doses and can also 
induce hypocalcemia and cause headache, rash, 
and arthralgias. In clinical trials, it was also asso-
ciated with potential osteonecrosis of the jaw and 
atypical femur fractures. As there is currently no 
available data demonstrating safety or efficacy in 
breast cancer survivors, its use cannot be rou-
tinely recommended at this time.

�Summary

Given the continued improvements in detection 
and treatment of breast cancer, the age and num-
ber of survivors continues to increase. Bone loss 
and fractures are among the most common long-
term adverse treatment effects in this population. 
An appropriate clinical evaluation including 
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DXA allows for appropriate risk stratification in 
order to reduce the morbidity and mortality asso-
ciated with fragility fractures. Data exists to sup-
port the use of SERMs, bisphosphonates, and 
denosumab in breast cancer survivors, with 
potential beneficial effects with respect to reduc-
tions in bone loss and fracture rates and improve-
ments in disease-free and overall survival rates. 
Treatment decisions remain individualized based 
on patient preferences, comorbidities, and clini-
cal experience.
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�Introduction

Breast cancer (BC) affects 1 in 8 women in the 
USA, making it the most common cancer diagno-
sis in women [1]. Advances in cancer treatments 
have led to increased numbers of survivors, with 
the average 5-year survival rate for women with 
invasive BC exceeding 90% [2, 3]. As long-term 
survival continues to improve, a better under-
standing of the long-term impact of cancer treat-
ments is essential, particularly with regard to 
cardiovascular (CV) complications. There is a 
greater risk of hospitalization due to cardiovascu-
lar disease (CVD) among BC survivors compared 
to the general population [4]. Additionally, sev-
eral years after cancer diagnosis, post-menopausal 
BC patients are at a greater risk of CV mortality 
than BC-related mortality [5]. This is especially 

concerning for older patients who often have 
comorbid risk factors for CVD [4, 6]. Cardio-
oncology is a new sub-specialty of medicine that 
focuses on the identification and management of 
CV complications that can arise during and fol-
lowing completion of anticancer therapy. In this 
chapter, we review BC treatments associated 
with CV morbidity and mortality and discuss 
potential strategies, including a multidisciplinary 
approach, to mitigate the impact of these treat-
ments in BC survivors.

�Impact of Cancer Treatments 
on Cardiovascular Health

Several cancer treatment modalities (e.g., chemo-
therapy, targeted therapies, radiation, and endo-
crine therapies) have led to improvement in 
survival rates among BC patients but are associ-
ated with a detrimental impact on CV health [7]. 
Anthracycline-containing chemotherapies have 
led to significant improvements in disease-free 
and overall survival, especially among patients 
with aggressive cancers [8]. In addition, human 
epidermal growth factor receptor positive 
(HER2+) targeted therapies such as trastuzumab, 
previously administered in conjunction with 
anthracycline-containing regimens, have also 
improved outcomes for patients with HER2+ BC 
[9]. However, these treatment modalities are 
associated with an increased risk of heart failure, 
arrhythmias (e.g., premature ventricular contrac-
tions, ventricular tachycardia, bradycardia, atrio-
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ventricular block, bundle-branch block, QT 
prolongation), CV hospitalization, and death, 
which can manifest years after completion of 
treatment [10–16]. Radiation therapy is associ-
ated with an increased risk of developing isch-
emic heart disease, in particular for those 
individuals exposed to left-sided breast and chest 
wall radiation [17]. These CV consequences 
(e.g., coronary disease, valvular disease, and vas-
culopathy) can appear years to decades after radi-
ation therapy [17, 18]. Early menopause and 
adjuvant endocrine therapy with aromatase 
inhibitors may place women at an increased risk 
for developing CVD. There is mixed data regard-
ing use of aromatase inhibitors on CVD events 
among women with BC. Although the absolute 
increase in CVD risk is likely to be low, there 
have been some studies associating aromatase 
inhibitors and hyperlipidemia [19, 20]. In addi-
tion, adjuvant endocrine therapy with selective 
estrogen receptor modulators (i.e., tamoxifen) 
increases the risk of venous thromboembolism 
and other thromboembolic issues [21]. Some 
anticancer therapies have been associated with 
arrhythmias (e.g., anthracyclines, trastuzumab, 
cyclophosphamide, paclitaxel) and QTc prolon-
gations (e.g., cyclophosphamide, 5-fluorouracil, 
paclitaxel) which may continue into survivor-
ship; [16] however, data on the long-term CV 
impact of many anticancer therapies is limited in 
BC survivors.

Many cancer treatments indirectly increase 
CVD risk by accelerating weight gain and inter-
rupting normal physical activity (PA) [22]. BC 
treatment can result in physical deconditioning, 
weight gain, and metabolic dysregulation, which 
contribute to an increased risk of CVD among 
BC patients [23]. Approximately 36% of BC 
patients are sedentary [24], and 50–96% experi-
ence weight gain during treatment [25, 26]. The 
Health, Eating, Activity, and Lifestyle (HEAL) 
study noted that, from pre- to post- diagnosis, PA 
among BC patients decreased approximately 
2  hours/week with the greatest decrease in PA 
(60%) noted among women with the most aggres-
sive treatment regimens [27]. This may be in part 
due to the most commonly reported side effect 
reported by women during BC treatment, fatigue. 

Up to 70% of women report fatigue during BC 
treatment, and 30% continue to report problems 
with fatigue into survivorship [28]. Although the 
specific cause of fatigue is not known, it is theo-
rized to be due to the combined physiologic, psy-
chologic, and social effects of cancer treatment 
[28]. Indeed, Bower et al. conducted a large-scale 
study (n = 1957) of BC survivors to explore the 
epidemiology of fatigue in this population [29]. 
Approximately a third of the study population 
reported severe fatigue. Reports of severe fatigue 
were associated with receiving chemotherapy 
and with higher levels of depression, pain, sleep 
disturbance, and menopausal symptoms [29]. 
These findings corroborated the earlier findings 
of Broeckel et al. who found severe fatigue to be 
associated with receiving chemotherapy, a 
comorbid psychiatric disorder, and/or those indi-
viduals who are post-menopausal [30]. Fatigue 
adversely effects survivors’ quality of life (QOL), 
as they are often unable to perform at the same 
levels of fitness or complete the same functions 
of daily life they were able to prior to treatment, 
resulting in a decrease in physical functional sta-
tus [31].

Furthermore, comorbid risk factors, such as 
diabetes, hyperlipidemia, hypertension, and 
smoking, at the time of BC diagnosis, can further 
increase the risk of CVD [32]. Thus, screening 
and managing these risk factors before, during, 
and after anticancer therapy is recommended to 
mitigate this increased risk [7, 33]. Taken 
together, the combination of treatment-related 
exposures, change in lifestyle behaviors follow-
ing a BC diagnosis, and comorbid conditions, 
often described as the multi-hit hypothesis, leads 
to an increased risk of CVD among BC survivors 
[34] (Fig. 16.1).

It has been shown these “multiple-hits” to the 
CV system often manifest with a decline in car-
diorespiratory fitness, even prior to a measurable 
decline in left ventricular ejection fraction 
(LVEF) among BC patients [35, 36]. 
Cardiorespiratory fitness is defined as the highest 
rate at which oxygen is transported and utilized 
by the body during maximal exercise (VO2peak) 
[35, 36]. Among 248  BC patients with normal 
cardiac function (LVEF >50%), Jones et al. found 
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the average VO2peak in the population to be 27% 
less than that of age-matched sedentary but other-
wise healthy women without a history of BC 
[37]. In both patients with advanced BC and 
other cancer types, low VO2peak has been shown to 
be a prognostic marker of survival in these popu-
lations [38, 39]. Additionally, this decrease in fit-
ness can compound other issues seen in BC 
patients such as exercise intolerance, lower func-
tional status, and fatigue, further elevating a 
patient’s risk for CV complications [28–30].

�CV Survivorship Imaging Guidelines

Several organizations, including the European 
Society of Medical Oncology (ESMO), the 
American Society of Clinical Oncology (ASCO), 
the American Heart Association (AHA), the 
European Society of Cardiology (ESC), the 
American Society of Echocardiography (ASE), 
and the European Association of Cardiovascular 
Imaging (EACVI), have put forth guidelines for 
monitoring and managing the CV health of can-

cer patients and survivors [7, 22, 40–42]. ESMO, 
ASCO, ESC, and NCCN guidelines are summa-
rized in Table 16.1. All of the guidelines agree 
that monitoring of BC patients’ cardiac function 
and CV comorbidities throughout treatment and 
into survivorship is critical to the early detection 
and prevention of CVD. Problems with cardiac 
function and CVD can appear from treatment 
onset to years after completion of anthracycline 
therapy [22, 43] and from years to decades after 
completion of radiation therapy [17, 18]. The 
standard measure of CV dysfunction among BC 
patients exposed to potentially cardiotoxic treat-
ments, such as anthracyclines and/or trastu-
zumab, is a decrease in LVEF [22]. 3D 
echocardiogram (echo) and cardiac magnetic 
resonance (CMR) are the preferred methods of 
cardiac monitoring; however, CMR is not widely 
used do to availability, cost, and required exper-
tise [40, 41]. Although still sometimes used in 
oncology practice, multigated acquisition 
(MUGA) imaging is no longer recommended as 
the primary modality, due to the associated radi-
ation exposure [40]. The evidence for cardiac 
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serum biomarkers, specifically troponin I and 
brain natriuretic peptides (BNP), to detect or 
predict CV toxicities such as heart failure and 
cardiomyopathy continues to evolve [40, 44, 
45]. Biomarkers are now recommended by 
ASCO and ESMO for monitoring those patients 
most at risk of developing CV dysfunction due 
to high anthracycline doses, preexisting CVD, or 
CV risk factors during treatment [7, 40]. Patients 
with significant elevation of these serum bio-
marker levels beyond alarm levels (0.08 ng/mL 
for troponin I; 0.1 ng/mL for BNP) or baseline 
readings should be referred to a cardiologist [44, 
46]. However, there is a lack of data regarding 
the efficacy of these biomarkers in survivorship.

The frequency of cardiac monitoring in survi-
vorship differs between guidelines due to lack of 
long-term data on the CV consequences of cancer 
therapy in survivors of adult onset cancers. It is 
for this reason that many recommendations in sur-
vivorship are based on expert opinion. The 2020 
ESMO consensus recommendation suggests that 
in asymptomatic patients who have received 
potentially cardiotoxic therapy, monitoring, 
including measurement of biomarkers (BNP and/
or troponin) and cardiac imaging, should be per-
formed at 6–12 months, after completion of can-
cer therapy, 2 years, and periodically throughout 
survivorship [40]. Survivors should be referred to 
a cardiologist for management if asymptomatic 
cardiac dysfunction (LVEF <50%) is identified 
during routine surveillance. In symptomatic 

patients, monitoring should be conducted regu-
larly, and CV care should be continued indefi-
nitely [7, 40]. These recommendations remain 
in line with previous recommendations by 
ASCO and ESC [7, 42]. NCCN guidelines are 
based on studies of the prevalence of late onset 
cardiotoxicity [47]. They recommend patients 
treated with anthracyclines and with one or 
more additional risk factors be imaged once 
within 12 months of anticancer therapy comple-
tion [47]. These recommendations are based on 
patients treated with anthracyclines with or 
without the addition of trastuzumab. These 
guidelines are relevant to BC patients but do not 
take into account the CV consequences of other 
BC treatments (Table 16.1).

�Interventions

�Managing CV Risk Factors

Among BC survivors, there is a greater risk of 
hospitalization due to CVD compared to the gen-
eral population [4]. Therefore, one of the most 
important interventions for managing CVD risk 
in BC survivors is regular monitoring and man-
agement of CV risk factors throughout survivor-
ship. Risk factors, such as smoking, hypertension, 
dyslipidemia, diabetes, and obesity, left 
unmanaged significantly increase the risk of 
developing CVD, especially in conjunction with 

Table 16.1  Recommendations for cardiovascular surveillance in cancer patients

ESMO [40] ASCO [7] ESC [42] NCCN [47]
Type of 
screening

Cardiac imaging (3D Echo, 
CMR) with cardiac 
biomarkers (BNP, troponin)

Echocardiogram 
(+biomarkers if 
symptomatic)

Cardiac imaging 
and biomarkers 
(such as BNP)

Echocardiogram + 
Doppler flow studies

Timeframe 6–12 months, at 2 years 
post-treatment and possibly 
periodically thereafter 
(patients treated with 
cardiotoxic agents)

6–12 months after the 
completion of 
treatment 
(asymptomatic)
Immediate full 
diagnostic workup 
(symptomatic)

Periodic screening Within 12 months 
post-treatment for patients 
treated with anthracyclines 
with 1 or more risk factors

Action if 
findings 
arise

Cardiology consultation
Consider pharmacological 
treatment

Referral to cardio-
oncologist or 
cardiologist

Any suggestive 
findings should be 
investigated 
immediately

Referral to a cardiologist

ASCO American Society of Clinical Oncology, ESC European Society of Cardiology, ESMO European Society for 
Medical Oncology, NCCN National Comprehensive Cancer Network
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a history of cardiotoxic therapy [7, 40]. In the 
Kaiser Permanente Southern California-SEER 
(Surveillance, Epidemiology, and End Results) 
cancer registry, hypertension was more prevalent 
in patients with cancer and was also an indepen-
dent risk factor for CV events [48]. In the Dietary 
Approaches to Stop Hypertension (DASH) study, 
participants following a diet with fruits, vegeta-
bles, legumes, whole grains, and low saturated 
fats were more successful in reducing blood pres-
sure [49]. In addition to lifestyle changes, appro-
priate pharmacological management of 
hypertension should be considered [40]. 
Hyperlipidemia has been implicated in promot-
ing cardiac inflammation and contributing to ath-
erosclerosis [32, 50]. Cancer patients should 
receive standard risk assessment based on the 
2019 ACC/AHA primary prevention guidelines 
to see if they would benefit from lipid lowering 
therapy [32, 40]. Diabetes has been shown to 
increase the risk of cancer treatment-related car-
diovascular dysfunction (CTRCD) in several 
studies; thus, it is critical to manage this risk fac-
tor throughout survivorship [40, 51, 52].

Exercise:
Exercise has several well-known positive CV 
effects, such as improving CV efficiency, increas-
ing stroke volume and cardiac output, decreasing 
resting heart rate, and enhancing ventilation and 
oxygen transport [53]. Several reports have 
underscored the importance of CV health for 
women with BC and suggest that physicians 
should recommend BC survivors engage in an 
exercise training program to improve cardiore-
spiratory fitness [54]. For example, Jones et al., 
in a large cohort of 2973 women with nonmeta-
static BC, demonstrated the positive impact of 
exercise on the incidence of CVD-specific mor-
tality and morbidity. Based on surveys, they 
found that women who exercised after cancer 
diagnosis had a substantial reduction in newly 
diagnosed CV events or CV death. The observed 
positive effect was consistent across different 
groups of patients based on baseline CV risk fac-
tors and type of anticancer therapy received [55]. 
Despite the evidence for the positive impact of 
exercise to address the acute, short-, and long-

term effects of cancer treatments, data for the 
optimal exercise prescription in this population 
remain unclear. The basis for many exercise rec-
ommendations and study paradigms for cancer 
patients at risk of CTRCD are extrapolated based 
on preexisting guidelines regarding CVD risk 
and heart failure [32, 56]. Approximately 
150  minutes of moderate-intensity exercise is 
recommended by the AHA, for all people regard-
less of health status, to reduce the risk of CVD 
[32]. Additionally, those asymptomatic patients 
with preexisting risk factors and treated with car-
diotoxic anticancer therapies are considered 
stage A heart failure patients [47, 57]. The AHA 
guidelines for patients with stable early stage 
heart failure (stage A) recommend encouraging 
patients to exercise regularly to improve physical 
conditioning and, therefore, CV health [56]. A 
recent study by Scott et  al. in 174 postmeno-
pausal BC survivors randomized patients to 
receive either a supervised fixed dose intensity 
per exercise session intervention, a supervised 
variable dose intensity per exercise session inter-
vention, or stretching sessions. No difference in 
the improvement of cardiorespiratory fitness 
between the dosing schedules was seen [58].

Although dosing schedule remains unclear, 
several recent studies have explored variable-
intensity supervised exercise recommendations 
for improving cardiorespiratory fitness in BC 
patients, which has positive implications for 
improving CV fitness and mitigating CTRCD 
risk. Giallauria et  al., in a study of 51 women 
with BC following an exercise training program 
of moderate intensity (3 session/week on a bicy-
cle at 60–70% VO2peak for 3 months, followed by 
one session/week until 1-year follow-up), dem-
onstrated an improvement in both cardiopulmo-
nary functional capacity and vascular endothelial 
function after 12  months when compared to a 
control group of women not performing a formal 
exercise program [36]. The peak oxygen con-
sumption (VO2peak) significantly increased in the 
exercise group (from 12.4 ± 2.9 to 14.3 ± 3.3 mL/
kg/min, p < 0.001) compared to the control group 
(from 12.8  ±  2.5 to 12.6  ±  2.8  mL/kg/min, 
p = 0.55; p < 0.001 between groups) [36]. A more 
recent pilot study by Hornsby et  al., evaluating 
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the safety and efficacy of aerobic training in 
21 BC patients receiving neoadjuvant chemother-
apy, demonstrated that a supervised aerobic train-
ing program incorporating high-intensity 
(60–100% of VO2peak) aerobic interval training 
three times per week is a safe and well-tolerated 
adjunct therapy in women undergoing 
anthracycline-containing chemotherapy for oper-
able BC. This study also demonstrated that while 
anthracycline-containing chemotherapy alone is 
associated with marked reductions in cardiopul-
monary function [VO2peak decreased by 
1.5  ±  2.2  ml/kg/min (−8.6%)], aerobic training 
not only negates the unfavorable impact of che-
motherapy but causes significant improvements 
in cardiopulmonary function (VO2peak increased 
by 2.6 ± 3.5 ml/kg/min (+ 13.3%) during concur-
rent neoadjuvant therapy) [59].

Some studies have investigated at-home inter-
ventions to improve cardiorespiratory fitness in 
BC patients. A study by Segal et  al. compared 
both self-directed and supervised exercise to 
usual care among 123 women with stage I and II 
BC undergoing anticancer therapy [60]. A stan-
dardized series of warm-up and cool-down exer-
cises and a progressive walking program at an 
exercise intensity of 50% to 60% of the predicted 
maximal oxygen uptake was provided to all par-
ticipants. Those in the self-directed exercise 
group received a home exercise prescription and 
were asked to exercise five times per week for a 
26-week period. Supervised exercise group par-
ticipants received a supervised exercise program 
three times per week for 26 weeks in the reha-
bilitation area of the Ottawa Regional Cancer 
Centre. Compared with usual care, a self-
directed exercise led to a moderately large and 
clinically significant 9.8-point improvement in 
subjective physical functioning, as measured by 
the physical functioning scale of the SF-36, 
while supervised exercise led to a moderate dif-
ference (6.3-point improvement). The authors 
concluded that physical exercise can blunt some 
of the negative side effects of BC treatment, 
including reduced physical functioning [60]. 
Lahart et  al. conducted a similar randomized 
controlled trial evaluating the effect of a six-
month home-based PA intervention, with face-

to-face and telephone counselling versus usual 
care, on cardiorespiratory fitness in 80 BC survi-
vors [35]. They found a small beneficial effect 
(effect sizes ≥0.20) on absolute and relative V ̇O2 
max (d = 0.44 and 0.40, respectively) and total 
and moderate PA (d  =  0.73 and 0.59, respec-
tively) in the intervention arm [35].

Although the literature tends to focus on exer-
cise interventions and the direct effect on fitness 
and exercise tolerance, some trials have investi-
gated the effect of exercise on the more subjec-
tive measures of QOL and fatigue. These 
parameters, especially fatigue, can impact survi-
vors’ lifestyles leading to more sedentary behav-
ior and further exacerbating the physical 
deconditioning associated with anticancer ther-
apy. For example, a study led by Courneya et al. 
showed that postmenopausal women with BC 
undergoing supervised exercise program using 
recumbent or upright cycle ergometers (at 
approximately 70% to 75% of maximal oxygen 
consumption) had benefits not only on changes 
in peak oxygen consumption (peak oxygen con-
sumption increased by 0.24  L/min in the exer-
cise group), but also in happiness, self-esteem, 
fatigue, and several subcomponents of overall 
QOL [61]. Moreover, a meta-analysis of 20 exer-
cise intervention groups, comprised of 748 BC 
patients receiving adjuvant chemotherapy, exam-
ined the outcomes of fatigue and QOL measures 
and found that exercise led to significant 
decreases in fatigue and depression and that 
lower doses of exercise (<12 MET-h/week) were 
more effective in improving fatigue and QOL 
outcomes than higher doses of exercise [62]. 
Therefore, moderate to high intensity aerobic 
interventions, such as those studied in cardiore-
spiratory fitness, may not be suitable in a popula-
tion severely impacted by fatigue. A multicenter 
study in 119 sedentary women with Stage 0–III 
BC focused on the effect of exercise on fatigue, 
one of the most prevalent and debilitating symp-
toms experienced by BC patients receiving adju-
vant chemotherapy or radiation therapy [63]. 
Participants were instructed to walk 5–6 times/
week at 50–70% of maximum heart rate as 
tolerated. There were no differences between the 
home-based exercise and usual care in the inten-
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tion to treat analysis, mostly due to significant 
crossover between arms. There was a clinically 
important and statistically significant (p = 0.03) 
effect of exercise on pretest-to-posttest change in 
fatigue levels demonstrated when exercise par-
ticipation was considered using the data analysis 
method of instrumental variables with principal 
stratification. This study reinforces that adher-
ence to a home-based moderate-intensity walk-
ing exercise program may effectively mitigate 
high levels of fatigue experienced during cancer 
treatment and improve functional capacity [63]. 
Additionally, in a study of 27 women with stage 
I-IV BC, participants were instructed to follow 
an 8-week at home exercise program and to keep 
a daily fatigue diary. Women who exercised reg-
ularly during this time recorded fewer days of 
high fatigue levels and more days of low fatigue 
levels in comparison to women who did not 
exercise [64].

Yoga has become a novel area of inquiry in 
recent years for improving QOL in cancer patients; 
however, there are large knowledge gaps and fur-
ther research is needed. This is especially impor-
tant for women whose fitness may not be suited for 
aerobic interventions. Yoga and stretching inter-
ventions may offer PA suitable to their functional 
level although there is no evidence that it is a more 
effective intervention than other exercise modali-
ties [65]. A study by Vadiraja et al. evaluated the 
effects of yoga on cancer-related fatigue in 91 
metastatic BC patients randomized to receive 
3 months of either yoga or education and support-
ive therapy. In this population, they found that 
yoga reduced fatigue frequency (p  <  0.001) and 
severity (p < 0.001) [66]. Dong et al., in a meta-
analysis of 17 studies comprising 2183  BC 
patients, demonstrated a large effect of yoga on 
fatigue. They found that yoga interventions had a 
significant benefit in mitigating physical fatigue 
[Standardized Mean Difference = −0.63, 95% CI 
(−0.90, −0.35), p = 0.09)] with supervised classes 
offering the most benefit [Standardized Mean 
Difference  =  −0.92, 95% CI (−1.53, −0.32), 
p  =  0.003)] [67]. Although further inquiry is 
needed, yoga may offer BC patients and survivors 
a PA suitable for various physical functional 
abilities.

The American College of Sports Medicine 
(ACSM) convened an expert panel to review the 
extent of literature on exercise interventions 
among cancer survivors and update relevant exer-
cise recommendations. The ACSM statement 
recommended 90 to 150  minutes of moderate-
intensity aerobic PA weekly in addition to 
2–3 days of resistance exercises to reduce fatigue, 
improve QOL, and physical functioning [68]. 
While there was not enough evidence to provide 
an exercise dose recommendation to prevent 
CVD among cancer survivors, a recent meta-
analysis suggests that exercise training at the rec-
ommended dose (~150  minutes/week) in BC 
survivors improves cardiorespiratory fitness, a 
key subclinical CVD endpoint as discussed in 
this review [69]. It is clear there is a high level of 
variability in prescription and response among 
patient populations with these exercise interven-
tions; thus, it is important to consider that indi-
vidualized exercise plans that take into account a 
patient’s previously existing risk factors, history 
of anti-cancer therapy, and functional status may 
be more appropriate than one-size-fits-all inter-
ventions [70]. Additionally, although many stud-
ies have investigated exercise interventions in BC 
patient populations, cardiorespiratory fitness, 
rather than CVD outcomes, are often the out-
comes measured. Nevertheless, exercise, espe-
cially aerobic exercise, offers a lifestyle 
intervention that has been shown to improve BC 
patients’ exercise tolerance, cardiopulmonary fit-
ness, QOL, fatigue, CV health, and CV out-
comes. It is recommended for all cancer survivors 
regardless of risk [40].

�Integration into Clinical Practice

Although the literature clearly supports exercise 
for all BC patients, a study by Coletta et al. has 
previously shown that, in the outpatient setting, 
<20% of BC survivors obtain the recommended 
levels of activity [71]. Being overweight or obese 
and having prior exposure to chemotherapy were 
key predictors of non-adherence in this study. A 
novel meta-analysis by Berkman and Gilchrist 
concluded that the best adherence to lifestyle 
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changes occurs through use of social cognitive 
theory and motivational interviewing [72]. 
Social cognitive theory holds that the influence 
of an individual’s experiences, their interactions 
with others, and their environmental factors 
impact their health behaviors; exploring these 
perceptions can influence behavioral change. 
Motivational interviewing is a patient-based 
counseling technique that guides patients 
through exploring and resolving their own 
ambivalence to elicit behavioral change. These 
strategies should be considered by clinicians 
when working with patients to determine a prac-
tical survivorship plan for exercise and other 
lifestyle changes. In addition to these strategies, 
it is critical to create the infrastructure needed to 
address poor PA adherence in this population. 
An oncologist’s recommendation is an important 
step to increase uptake of PA [24]. Oncology 
clinics should work towards providing all BC 
survivors with education regarding the PA guide-
lines. Moreover, alliances between oncology 
clinics, the community (e.g., Lifestrong YMCA, 
Active after Cancer), and institutional partners 
(e.g., physical therapy) are important to address 
barriers to exercise and to provide opportunities 
for patients to engage in PA.

In the MD Anderson system, Gilchrist et  al. 
have developed an approach at the beginning of 
cancer treatment to measure and mitigate exist-
ing CV risk factors (e.g., smoking, blood pres-
sure, cholesterol, diabetes) and determine 
whether prior exposures in combination with 
existing 10-year CVD risk warrants preventative 
CVD therapies, such as statins for BC survivors 
at heightened risk (Fig. 16.2) [7, 73, 74]. In all 
patients, healthy lifestyle behaviors are recom-
mended, a referral to a dietician is made (when 
appropriate), and a discussion regarding exercise 
goals and reducing sedentary behavior is per-
formed [7, 40, 74]. A 6-minute walk or cardiopul-
monary exercise test is completed to determine 
baseline functional capacity and readiness for 
moderate-intensity exercise. Both aerobic and 
resistance training is prescribed along with modi-
fications for patients with lymphedema or bone 
metastases. Remote feedback is provided by an 

exercise physiologist over an initial 12-week 
period to help BC survivors make modifications 
or overcome barriers to reaching guideline-based 
PA levels with the goal to transition patients to 
community-based programs to maintain 
PA. Follow-up in clinic with the cardiologist is 
based on need to monitor and/or treat uncon-
trolled risk factors, symptoms, or exercise intol-
erance [74]. While this approach is interesting, 
objective measures such as improvements in car-
diorespiratory fitness and fatigue and reduction 
in CVD risk are needed prior to widespread 
adoption of this approach into clinical practice.

Given limited resources, it is difficult to pro-
vide personalized exercise prescriptions and pre-
ventative cardiology visits for all BC survivors at 
risk of CVD within the existing cardio-oncology 
infrastructure. In addition, a majority of 
community-based programs have no access to 
specialized clinics to address this need. Gilchrist’s 
American Heart Association Scientific Statement, 
describing MD Anderson’s approach to CV risk 
management program, further outlines how to 
leverage existing cardiac rehabilitation (CR) 
infrastructure to scale preventative cardiology 
and exercise training among BC survivors [74]. 
CR is widely available in both academic and 
community settings. It has been shown that exer-
cise training within the CR setting improves 
physical functioning, reduces fatigue, and 
improves QOL [74]. The biggest barrier currently 
is a lack of third party reimbursement for CR 
among cancer patients. In those situations, a part-
nership between oncology and cardiology is 
needed to negotiate time and space within CR to 
address the needs of BC survivors. Partnering 
with aligned private foundations to support the 
ACSM cancer trainers to oversee training is 
important. Lastly, streamlining processes and 
creating automated referrals (e.g., following last 
chemotherapy infusion or clinic survivorship 
visit) to ensure BC survivors are provided the 
opportunity to engage in PA is critical [74]. By 
leveraging these existing resources, cardiologists 
and oncologists can take steps to improve the 
overall health and wellness of their patients in 
survivorship.
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�Future Directions

We have made significant gains in the clinical 
outcomes of individuals diagnosed with BC; 
however, the long-term consequences, including 
cardiovascular complications, of these cancer 
treatments in adult cancer survivors have not 
been fully explored. UPBEAT (Understanding 
and Predicting Breast Cancer Events After 
Treatment) (NCT02791581) is a multicenter pro-
spective cohort study of 840 early stage BC 
patients scheduled to receive chemotherapy and 
160 healthy volunteers who will be followed for 
9 years to determine the long-term impact of anti-
cancer therapy on the heart, the ability to exer-
cise, and fatigue. The results of this study will 

provide valuable information on the CV conse-
quences of breast cancer therapy and identify 
those individuals at greatest risk to enable more 
focused research on primary prevention 
strategies.

In addition, exercise is now widely recom-
mended among cancer patients and survivors [40, 
74]; however, questions remain on the optimal 
exercise prescriptions for individual patients. 
Several trials are exploring the impact of exercise 
and lifestyle interventions on the cardiovascular 
health and well-being of BC survivors. The 
BWEL (Breast Cancer Weight Loss) 
(NCT02750826) study will enroll approximately 
3200 early BC patients, randomized in a 1:1 ratio 
to the health education program arm alone or the 
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Fig. 16.2  Cardio-oncology rehabilitation (CORE) algo-
rithm for patients treated with cancer therapy [74]. Risk 
factors (RFs) include hypertension, dyslipidemia, diabe-
tes mellitus, smoking, and obesity. CABG coronary artery 
bypass graft, CV cardiovascular, dx diagnosis, Hx history, 
LVEF left ventricular ejection fraction, MI myocardial 
infarction, OT occupational therapy, PCI percutaneous 
coronary intervention, and PT physical therapy. High-

dose anthracycline (e.g., doxorubicin ≥250 mg/m2); high-
dose radiotherapy (RT; ≥30 Gy) where the heart is in the 
treatment field; or lower-dose anthracycline + lower-dose 
RT (<30 Gy). Other therapies should be reviewed by treat-
ing healthcare provider to determine appropriateness for 
community-based program vs need for consultation or 
other testing. (Copyright American Heart Association 
2019. This table has been modified from its original form)
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health education program with weight loss inter-
vention arm. Although the primary outcome is to 
measure invasive disease-free survival over 
10 years, secondary outcomes include evaluating 
the effect of supervised weight loss on overall 
survival, weight, body composition, and insulin 
resistance syndrome-associated conditions such 
as diabetes and CV hospitalization. The 
PREDICOP (Prevention of Breast Cancer 
Recurrence Through Weight Control, Diet, and 
Physical Activity Intervention) (NCT02035631) 
study will enroll 2000 non-metastatic BC 
patients, randomized in a 1:1 ratio to receive 
either minimal diet and exercise intervention or 
intensive diet and exercise interventions. The pri-
mary outcome is recurrence over 5 years; how-
ever, QOL and biomarkers related to dietary 
intake, insulin resistance, and inflammatory pro-
cesses will also be monitored. Additionally, the 
B-AHEAD3 (Breast Activity and Healthy Eating 
After Diagnosis 3) (NCT00869466) study will 
randomize 134 BC patients to receive resistance 
training or resistance training and tailored low-
calorie diet counseling. Patients’ time to disease 
progression, chemotherapy toxicity, QOL, 
fatigue, change in weight, waist circumference, 
and fat and muscle mass will be evaluated.

The results of these studies, consisting of large 
cohorts and long follow-up periods, may yield 
promising data on the practical application of 
lifestyle interventions in survivorship specifically 
in BC patients. While these studies will provide 
important data on the impact of lifestyle interven-
tions in BC survivors, further studies focusing on 
older BC patients with concomitant CV comor-
bidities evaluating CV outcomes are needed if we 
are to improve the CV health of BC survivors.

�Conclusion

It is critical that BC survivors maintain healthy 
and active lifestyles after completion of cancer 
therapy and throughout survivorship to buoy their 
CV health against the impact of anticancer ther-
apy, CV risk factors, and lifestyle disruptions. 
Cardiologists, oncologists, primary care provid-
ers, and other allied health professionals must 

work together to create lifestyle and exercise 
plans that improve the functional status, fatigue 
level, and exercise tolerance of each patient to 
ensure optimal health outcomes. More studies in 
older populations and populations with preexist-
ing CV risk factors focusing on CV outcomes 
will allow for a better understanding of the type 
and duration of lifestyle and exercise intervention 
that is appropriate based on an individual patient’s 
comorbidities and cancer treatment history.
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Diabetes and Breast Cancer

Leonor Corsino and Jasmine Mcneill

�Introduction

Women with diabetes are more likely to develop 
breast cancer [1], are less likely to be screened 
for breast cancer [2], and have greater mortality 
once diagnosed with breast cancer as compared 
to women without diabetes [3]. Women who have 
been diagnosed with both breast cancer and dia-
betes are therefore particularly vulnerable to poor 
health outcomes that could potentially be pre-
ventable through early diagnosis and treatment of 
diabetes to support their breast cancer care.

Previous studies have shown the prevalence of 
diabetes among patients with breast cancer to be 
much higher than in the general population. A 
2011 meta-analysis of women with breast cancer 
reported diabetes prevalence ranging from 8% to 
31%, which was significantly higher than the US 
national prevalence of diabetes of 8.3% at the 
time [4, 5].

Although the exact mechanism explaining the 
observed association between breast cancer and 
diabetes is not elucidated, several potential 

pathophysiologic mechanics have been proposed. 
The most studied potential mechanism involves 
the role of hyperinsulinemia. Hyperinsulinemia, 
common in patients with type 2 diabetes, is 
thought to be a contributing factor in breast can-
cer and other obesity-related cancers. This is due 
to insulin inhibition of the sex hormone-binding 
globulin increasing free steroid hormones, 
including estrogen [6]. Additionally, hyperinsu-
linemia leads to higher levels of IGF-1 and 
inflammatory cytokines that may promote carci-
nogenesis by promoting cell proliferation and 
inhibiting apoptosis [7]. Other potential media-
tors include hyperglycemia, adipokines, dyslipid-
emia, and changes in the gut microbiome [8].

Concurrent diagnosis of diabetes in a breast 
cancer survivor has implications not only for the 
management of each of these diseases and for 
their mortality but also for the patient’s quality of 
life [9]. Improving a breast cancer survivor’s 
quality of life is not only important in and of 
itself but also is associated with reduced cancer 
recurrence and improved mortality rates [10]. 
These results support the mutli-faceted impor-
tance of diabetes management in breast cancer 
survivors.

In this chapter, we will summarize the existing 
evidence about the impact of diabetes on breast 
cancer outcomes, including diagnosis, treatment, 
treatment response, mortality, and cancer recur-
rence, and we will outline an approach to diabe-
tes management in a patient with breast cancer.
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�Diagnosis, Treatment, 
and Treatment Response

�Breast Cancer Screening 
and Diagnosis

Despite the existing evidence supporting the 
association between breast cancer and diabetes, 
in general, preventive care underutilization in 
patients with diabetes has been reported [11]. 
The underutilization of preventive care and 
screening can be explained in part by the burden 
diabetes imposes on patients and their health-
care providers, making services that are less 
directly related to diabetes rendered less often 
[12]. Two epidemiologic studies examined use 
of screening mammograms in women with dia-
betes compared to women without diabetes. The 
first was a case-control study looking at whether 
women with diabetes received recommended 
screening mammograms compared with women 
without diabetes that included a total of 424 
women with diabetes between the ages of 50 
and 75 years treated at primary care in the mid-
western United States and a comparison group 
of 845 women without diabetes. Findings 
showed that women with diabetes had signifi-
cantly lower rates of screening mammograms 
than women without diabetes. This lower rate 
persisted after adjusting for insurance status and 
race [12]. In contrast, the Southern Community 
Cohort Study (N = 45,511; age 40–79), a cohort 
study conducted primarily among low-income 
persons in the southeastern United States, found 
no differences in rates of having a screening 
mammogram in the past 12  months among 
white women with diabetes and those without 
diabetes [13]. There was also no association of 
diabetes and having received a screening mam-
mogram with the past 12 months among black 
women.

Diabetes has been shown to predict use of 
screening mammogram in large cohort studies. A 
study looking at patient and provider characteris-
tics as predictors of screening mammograms in a 
cohort of 44,318 Israeli women aged 56–74 
showed that having diabetes was associated with 
lower adherence with screening mammogram 
recommendations [14]. Further, a study con-

ducted with a total of 841 eastern Caribbean 
women showed that having diabetes and hyper-
tension was associated with not receiving timely 
screening mammograms [15]. Similarly, a study 
using a large cohort (N  =  2056) of women in 
France showed that adherence to breast cancer 
screening was lower in women with obesity and 
diabetes, and this persisted after adjusting for the 
complete range of screening determinants [16]. A 
population-based retrospective cohort study con-
ducted in Canada with a total of 188,759 with 
diabetes and 315,529 with no diabetes showed 
that, after adjusting for socioeconomic status, 
women with diabetes were less likely to have a 
mammogram [2]. All of this confirms the under-
utilization of screening mammograms in patients 
with diabetes. A more recently published meta-
analysis looking at cancer screening in patients 
with diabetes confirmed that having diabetes is 
associated with a significantly lower likelihood 
of breast cancer screening [17].

Current recommendations emphasize the 
importance of screening patients with diabetes 
for breast cancer with the recommended age-
appropriate cancer screening. Further, it is highly 
recommended that cancer screening be part of 
the routine diabetes assessment [11, 18].

�Screening for Diabetes

In 2019, it was estimated that a total of 232 mil-
lion people around the world met the criteria for 
a diagnosis of diabetes and yet had not been for-
mally diagnosed. This alarming rate of underdi-
agnosis prompts questions regarding the potential 
role of diabetes screening in patients diagnosed 
with breast cancer. Currently, the American 
Diabetes Association (ADA) standard of care 
guidelines does not specifically recommend rou-
tine screening for diabetes in asymptomatic 
patients with breast cancer. However, providers 
should keep in mind that diabetes and cancer 
share many risk factors, such as aging, obesity, 
and physical inactivity. Patients not previously or 
not recently screened for diabetes who meet the 
current ADA recommendation for screening 
(Table  17.1) [19] and who are diagnosed with 
breast cancer should be tested.

L. Corsino and J. Mcneill
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�Treatment and Treatment Response

In this section, we will summarize the available 
evidence exploring the role of diabetes medica-
tions in the prevention of breast cancer, the role 
of diabetes in breast cancer regimen choices, and 
the impact of diabetes in breast cancer treatment 
response.

�Diabetes Medications and Breast 
Cancer

Metformin is an oral antidiabetic medication rec-
ommended as the first-line agent for the manage-
ment of patients with type 2 diabetes. Metformin 
has been the most studied diabetes medication in 
cancer for its potential effect on cancer preven-
tion and cancer cell proliferation. Metformin 
works by reducing hepatic glucose production 
and insulin resistance. The exact mechanism of 
action of metformin is complex and not clearly 

understood. However, recent studies showed sev-
eral potential mechanisms by which metformin 
produces a reduction in hepatic glucose produc-
tion. A recently identified mechanism includes 
the inhibition of mitochondrial glycerol-3-
phosphate dehydrogenase (GPD2), which 
increases the cellular redox state and results in 
the inhibition of the conversion of some sub-
strates (such as lactate and glycerol) to glucose 
in vitro. The additional mechanism includes met-
formin action on the liver via AMP-activated pro-
tein kinase (AMPK) activation, inhibits mTOR 
activity by activating ataxia-telangiectasia 
mutated (ATM) and liver kinase B1 (LKB1), and 
thus prevents protein synthesis and cell growth 
[20, 21]. Laboratory studies provided the initial 
signals towards a potential role of metformin in 
the prevention and treatment of cancers, includ-
ing breast cancer [22, 23].

Studies in humans, including observational 
and randomized controlled trials, have been con-
ducted exploring these potential uses of metfor-
min in breast cancer. In recent years, an array of 
publications has emerged showing inconclusive 
results when it comes to the role of metformin in 
the prevention and treatment of patients with 
breast cancer [24]. A 2018 review of 12 observa-
tional studies on the role of metformin in breast 
cancer incidence concluded that there was insuf-
ficient evidence to support the role of metformin 
as a preventive drug for breast cancer, although 
authors acknowledged the limitations of their 
conclusion, primarily because the review was 
based on observational studies [25].

In a 2017 Surveillance, Epidemiology, and 
End Results (SEER) study, authors looked at 
diabetes medications including metformin and 
the risk of adverse outcomes in early-stage 
breast cancer patients [26]. In this study, a total 
of 14,766 women aged 66–80 were included. 
Of those, 4544 (30.8%) women had a diagnosis 
of diabetes, and 2558 (17.3%) reported ever 
using metformin after a breast cancer diagno-
sis. The study showed that women with a prior 
diagnosis of diabetes were more likely to have 
tumors that were stage II, node positive, and of 
higher grade and larger size. These characteris-
tics were similar in women with diabetes inde-
pendent of the use of metformin. Among those 

Table 17.1  Indications for testing for diabetes in adults. 
Adapted from the ADA 2020 standard of care [54]

Overweight or obese adult (BMI >/= 25 kg/m2 or >/= 
23 kg/m2 in Asian-American) that has one or more risk 
factors including:
First-degree relative with diabetes
High-risk race/ethnicity (e.g., African-American, 
Latino, Native American, Asian-American, and Pacific 
Islander)
History of cardiovascular disease
Hypertension (>/= 140/90 mm hg or on therapy for 
hypertension)
HDL cholesterol <35 mg/dL (0.90 mmol/L) and/or a 
triglyceride level >250 mg/dL (2.82 mmol/L)
Women with polycystic ovary syndrome
Physical inactivity
Other conditions associated with insulin resistance 
(e.g., severe obesity, acanthosis nigricans)
Patients with prediabetes (A1C >/= 5.7% [39 mmol/
Mol], impaired glucose tolerance (IGT), or impaired 
fasting glucose (IFG) should be tested yearly
Women who were diagnosed with gestational diabetes 
mellitus (GDM) should have a lifelong testing at least 
every 3 years
For all other patients, testing should begin at the age of 
45 years
If results are normal, testing should be repeated at 
minimum every 3 years with consideration of more 
frequency testing depending on initial results and risk 
status
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with diabetes, after multivariable-adjusted 
analyses, women ever reporting the use of met-
formin had a 28% lower risk of a second breast 
cancer event, 31% lower breast cancer recur-
rence, and 49% lower breast cancer death com-
pared with nonusers of metformin. Among all 
patients with diabetes treated with medications 
(N = 3189), the use of sulfonylurea or insulin 
was associated with higher risks of breast can-
cer death, but not with secondary breast cancer 
events or recurrence risk. Further analysis look-
ing at patients on multiple medications for dia-
betes showed no meaningful changes in risk 
estimates. Similar results were observed when 
the analysis was conducted to reduce confound-
ing. The use of metformin was associated with 
38%, 42%, and 66% lower risks of secondary 
breast cancer events, recurrence, and breast 
cancer death, respectively, whereas the use of 
insulin was associated with a 2.42-fold higher 
risk of breast cancer death. When looking at the 
patients using one medication at a time, the use 
of sulfonylurea or insulin remained associated 
with a higher risk of all adverse breast cancer 
outcomes when compared to the use of metfor-
min alone [26].

The use of metformin and insulin and the 
effect on breast cancer outcomes were analyzed 
in data from the Adjuvant Lapatinib and/or 
Trastuzumab Treatment Optimization (ALTTO) 
trial, a phase III randomized trial in women with 
human epidermal growth factor receptor 2 
(HER2)-positive primary breast cancer in which 
patients were randomized to one of four arms: (1) 
trastuzumab, (2) lapatinib, (3) their sequence, 
and (4) combination of both. Of the 8381 patients 
included in the study, 446 (5.3%) had diabetes. 
Two hundred and sixty (3.1%) were on metfor-
min and 186 (2.2%) were not. The median fol-
low-up time was 4.5 years. Patients with diabetes 
who had not been treated with metformin experi-
enced worse disease-free survival, distant 
disease-free survival, and overall survival. 
Similar to the SEER study, insulin use was asso-
ciated with worse outcomes [27].

A prospective phase II trial was conducted 
to compare metformin plus chemotherapy ver-
sus chemotherapy alone in the first-line treat-
ment of HER2-negative metastatic breast 
cancer. The MYME trial, a phase II clinical 

trial of metformin plus chemotherapy versus 
chemotherapy alone in the first-line treatment 
of HER2-negative metastatic breast cancer, 
enrolled patients without diabetes. A total of 
126 participants between the ages of 18 and 
75 years were enrolled from 16 centers in Italy. 
Participants were randomized to chemotherapy 
(non-pegylated liposomal doxorubicin (NPLD) 
60  mg/m2  +  cyclophosphamide (C) 600  mg/
m2 × 8 cycles Q21 days) with or without met-
formin (2000  mg/day). The study’s primary 
outcome was progression-free survival (PFS; 
calculated from the date of randomization to 
the date of disease progression). At a median 
follow-up of 39.6 months, with 112 PFS events, 
median progression-free survival was not sta-
tistically different between arms (HR 1.09, 
95% CI 0.75–1.58, p  =  0.653); median PFS 
was 9.4  months (95% CI 7.8–10.4) with che-
motherapy + metformin and 9.9 months (95% 
CI 7.4–11.5) with chemotherapy alone. Median 
overall survival was, likewise, no different. In 
this study, the addition of metformin to chemo-
therapy did not improve outcome among 
patients with HER2-negative metastatic breast 
cancer [28].

The association of diabetes, diabetes treat-
ment, and breast cancer gene expression profile 
(GEP) was analyzed in a retrospective single-
center cohort study. The GEP, Oncotype DX® 
(ODX) test, is a prognosticator of breast cancer 
recurrence and a predictor of the benefit of che-
motherapy for patients with node-negative, hor-
mone receptor-positive, HER2-negative breast 
cancer. A study assessing the impact of diabetes 
and metformin use in the ODX score showed that 
neither a diagnosis of diabetes/prediabetes nor 
the use of metformin is associated with GEP 
score. The study included a cohort of 514 early-
stage, hormone-positive breast cancer patients. 
Of those, 67 (13%) had diabetes or prediabetes 
[29]. Given the known poor outcomes for breast 
cancer patients with diabetes, further research 
studying the association between diabetes and 
breast cancer GEP is warranted.

In sum, the above data demonstrate the need 
for additional research to determine the role of 
metformin in the prevention or treatment of 
patients with breast cancer.
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�Mortality and Recurrence

In addition to the higher-than-average diabetes 
prevalence among patients with breast cancer, 
many studies have explored the prognostic impli-
cations of diabetes as comorbidity on women 
with breast cancer. Due to the multifactorial con-
tributions of both breast cancer and diabetes to a 
patient’s health, prognostication is equally as 
complex and variable based on the factors exam-
ined. This segment will review the all-cause mor-
tality of breast cancer survivors with diabetes and 
will further explore cancer-specific mortality and 
mortality associated with other causes. Other 
related considerations will also be reviewed, 
including the timing of the diagnosis and dura-
tion of diabetes, the observed effect of obesity on 
mortality, and how high sugar states (hyperglyce-
mia, high fructosamine levels) may be used as 
prognostic factors among women with breast 
cancer.

�Overall Survival and Disease-Free 
Survival

In 2016, Zhao et  al. performed a systematic 
review and meta-analysis of pertinent evidence 
over the past 15 years with a focus on studying 
how diabetes as a comorbidity was associated 

with overall survival, disease-free survival, and 
relapse-free period among women with breast 
cancer [30]. In this study, overall survival was 
defined as the time from diagnosis or surgery to 
death due to any cause or last follow-up visit and 
is analogous with “all-cause mortality” within 
the same time parameters. There was great het-
erogeneity of evidence on the overall survival of 
breast cancer patients with diabetes as compared 
to those without diabetes with hazard ratios (HR) 
ranging from 0.85 (95% CI 0.55–1.33) [31] to 
2.35 (95% CI 1.56–3.54) [32]. The authors attrib-
uted this heterogeneity, in part, to variability in 
age of populations and type of anti-hyperglycemic 
used (if any). On meta-analysis, the pooled 
adjusted HR for those with versus without diabe-
tes was 1.51 (95% CI 1.34–1.70) for overall sur-
vival and 1.28 (95% CI, 1.09–1.50) for 
disease-free survival. There was, however, no 
significant difference in the relapse-free period 
between patients with and without diabetes (HR 
1.42, 95% CI 0.90–2.23). More recent studies 
have shown similar findings of higher rates of all-
cause mortality in breast cancer patients with dia-
betes, as discussed below [33–45].

Although most studies on mortality have 
focused on women with early-stage breast can-
cer, a similar pattern was seen in a study of 
women with brain metastases from breast can-
cer in which women with either diabetes or obe-
sity had worse overall survival and 
progression-free survival than women without 
diabetes or obesity [33].

In a study of 190 women with HER2+ breast 
cancer who were treated with surgical resection 
and trastuzumab, women with diabetes had worse 
overall and disease-free survival than women 
without diabetes [34].

�Specific Causes of Mortality

The risk of death from all-causes, cancer specifi-
cally, and other causes has been shown to be 
greater among breast cancer patients with 
diabetes compared to those without diabetes. In 
order to explore these associations, several stud-
ies have examined sociodemographic, patient, 

Key Points
•	 Metformin has been the most studied 

diabetes medication in cancer including 
the prevention and potential treatment 
of breast cancer.

•	 Observational and randomized con-
trolled trials have been reported with 
conflicting results.

•	 Currently, metformin is not recom-
mended for breast cancer prevention or 
treatment.

•	 Additional research is needed to further 
determine the role of metformin in 
breast cancer prevention and treatment.
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and tumor characteristics to find confounders. In 
addition, studies have explored diabetes treat-
ment and outcomes.

One study, published in 2020, reported causes 
of death among Medicaid-insured women aged 
<64 years with breast cancer that was reported to 
the New York State Cancer Registry between 2014 
and 2016, by presence or absence of a diagnosis of 
diabetes [35]. Of the included 9221 women with 
breast cancer in the study, 1477 had a diagnosis of 
type 2 diabetes before their diagnosis of breast 
cancer. After adjusting for confounding factors, 
women with preexisting type 2 diabetes were not 
only at greater risk of all-cause mortality (HR 
1.40, 95% CI 1.21–1.63), consistent with the 
above studies, but also for cancer-specific mortal-
ity (HR 1.24, 95% CI 1.04–1.47) and cardiovascu-
lar-specific mortality (HR 2.46, 95% CI 1.54–3.90). 
Interestingly, in this group of Medicaid-insured 
women, the higher risk of all-cause mortality 
among women with type 2 diabetes compared to 
those without diabetes was most marked among 
non-Hispanic white (HR 1.78, 95% CI 1.38–2.30), 
those with localized SEER Summary Stage (HR 
1.62, 95% CI 1.23–2.14), postmenopausal (HR 
1.47, 95% CI 1.23–1.77), and nonobese (HR 1.49, 
95% CI 1.22–1.82) women. Analyses also 
explored risk factors for all-cause mortality among 
patients with diabetes. Among women with coex-
istent diabetes and breast cancer, higher risk of all-
cause mortality was noted among postmenopausal 
(versus premenopausal; HR 1.60, 95% CI 1.02–
2.50) and those with triple-negative breast cancer 
(versus hormone receptor positive; HR 1.76, 95% 
CI 1.11–2.80) and lower risk of all-cause mortality 
among obese (versus nonobese; HR 0.65, 95% CI 
0.52–0.83). In addition, compared to those treated 
with metformin for type 2 diabetes, higher all-
cause mortality was seen among and those treated 
with sulfonylurea (HR 1.44, 95% CI 1.06–1.94) or 
insulin (HR 1.54, 95% CI 1.12–2.11).

The association of breast cancer-specific mor-
tality with diabetes has been inconsistent in the 
literature, which may be due to modification by 
receipt of chemotherapy and antihyperglycemic 
use. A 2009 SEER-Medicare analysis including 
over 70,000 patients found that, although patients 
with diabetes had higher all-cause mortality (HR 
1.35, 95% CI 1.31–1.39), only patients with dia-

betes who received chemotherapy had higher 
breast cancer-specific mortality (HR 1.20, 95% 
CI 1.07–1.35) than patients without diabetes who 
also received chemotherapy [36]. There was no 
difference in breast cancer-specific mortality 
among patients with or without diabetes if they 
did not receive chemotherapy (HR 0.95, 95% CI 
0.88–1.03).

A 2015 study of 1763 patients with both breast 
cancer and type 2 diabetes reported that a 
decreased breast cancer-specific mortality was 
associated with each year of metformin use, 
especially with at least 2 years of use (adjusted 
HR 0.47, 95% CI 0.26–0.82) [37]. This same 
study found a large increase (adjusted HR 3.64, 
95% CI 2.16–6.16) in breast cancer-specific mor-
tality associated with sulfonylurea derivative use; 
however, the authors cautioned that this associa-
tion may be due to selective prescribing among 
patients with more advanced cancer.

As part of the Long Island Breast Cancer 
Study Project, Parada et al. examined the risk of 
breast cancer incidence and all-cause and breast 
cancer-specific mortality based on single nucleo-
tide polymorphisms (SNPs) found to be associ-
ated with diabetes [38]. Among these 
diabetes-associated SNPs, three SNPs were 
found to be associated with all-cause mortality 
in additive models (α = 0.05) but were not sig-
nificant at Bonferroni corrected α of 0.0003. 
Three SNPs were associated with breast cancer-
specific mortality, two of which were associated 
with reduced mortality and one with greater 
mortality. Continued research into how these 
diseases interact at a genetic level may provide a 
further understanding of factors modifying 
breast cancer-specific mortality and how mortal-
ity is impacted by cancer or diabetes treatments.

�Timing of Diagnosis and Duration 
of Diabetes

A large retrospective study of women in the 
United States Military Health System examined 
the significance of the timing of diagnosis of dia-
betes with respect to mortality among 9398 
women with breast cancer [39]. Women who 
were diagnosed with type 2 diabetes before their 
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diagnosis of breast cancer had a modestly 
increased risk of mortality compared to women 
without diabetes (HR 1.17, 95% CI 0.95–1.44). 
Women who had diabetes diagnosed at or after 
their breast cancer diagnosis was made had an 
even higher risk of mortality compared to women 
without diabetes (HR 1.39, 95% CI 1.16–1.66). 
These results suggest a moderately increased 
mortality for women with diabetes, which may 
be modified by the timing of this diagnosis com-
pared to their diagnosis with breast cancer.

The timing of the diagnosis of diabetes may 
also be associated with other aspects of patient 
care, including receipt of differential treatment. 
The above study also found that women who 
were diagnosed with diabetes before their diag-
nosis with breast cancer were less likely to 
receive radiation or chemotherapy. Although 
there is a reasonable concern for the interaction 
between diabetes, diabetes treatment, and breast 
cancer treatment, in this population, there was 
not a mortality difference among women with 
diabetes between women diagnosed before and 
at/after a breast cancer diagnosis. There was 
greater mortality among women with diabetes 
regardless of timing of diagnosis compared to 
women without diabetes. These findings suggest 
that the difference of mortality is multifactorial 
beyond (but including) severity of diabetes and 
receipt of differential breast cancer treatment.

The final point about timing from this study is 
the finding that women with diabetes diagnosed 
before breast cancer were less likely to have a 
recurrence of the disease as compared to women 
diagnosed at/after breast cancer or women with-
out diabetes (15.9% before, 21.5% at/after, 20% 
no diabetes, p = 0.01). It is unclear if this finding 
is due to better control of diabetes with an earlier 
diagnosis of diabetes and if this better glycemic 
control is associated with lower likelihood of 
breast cancer recurrence or if there are other vari-
ables (such as genetics or lifestyle) that may con-
found this association.

In a retrospective cohort study of almost 5000 
women, Lega et  al. found, overall, that among 
women with breast cancer, women with diabetes 
had greater all-cause mortality (adjusted HR 
1.16, 95% CI 1.06–1.27) but that this was not true 

of women who had a duration of diabetes which 
was less than 5 years (adjusted HR 1.02, 95% CI 
0.86–1.21) [3]. Further, although, among all 
women with diabetes, breast cancer-specific mor-
tality was not significantly increased as compared 
to the breast cancer-specific mortality of women 
without diabetes, women with a duration of dia-
betes greater than 5 years did have an increased 
breast cancer-specific mortality (adjusted HR 
1.25, 95% CI 1.02–154). These findings show 
that a longer duration of diabetes is associated 
with greater all-cause and cancer-specific 
mortality.

�Obesity

A study associated with Long Island Breast 
Cancer Study Project reported that among women 
with breast cancer, women with diabetes had 
greater all-cause mortality but that this finding 
was even stronger among women who were 
obese at the time of their diagnosis with breast 
cancer [40]. However, this has not been a finding 
in every study.

When women with breast cancer and type 2 
diabetes are further stratified into groups by obe-
sity status, Lawrence et  al. found that women 
who were obese had lower all-cause mortality 
than their nonobese counterparts (HR 0.65, 95% 
CI 0.52–0.83) [36]. Possible explanations for this 
“obesity paradox” include differences in body 
composition, lower weight of patients who are 
more chronically ill or with more aggressive can-

Key Points
•	 Women with breast cancer and diabetes 

might have a higher risk of death.
•	 These findings might be influenced by 

many factors including time of diabetes 
diagnosis and use of chemotherapy and 
medications to treat diabetes.

•	 Additional research is needed to deter-
mine the factors that influence mortality 
in women with breast cancer and 
diabetes.
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cers, or the greater nutritional reserves associated 
with being obese [41, 42].

A recent prospective observational study of 
841 patients with early breast cancer performed 
analyses of overall survival and disease-free sur-
vival comparing women with and without diabe-
tes, with and without obesity, and with both/
either obesity and/or diabetes or none [43]. 
Buono et  al. found that women with either or 
both diabetes and/or obesity were more likely to 
relapse and die from breast cancer than women 
without either. Consistent with prior findings, 
this study found that patients with diabetes had 
worse overall survival and worse disease-free-
survival. In multivariate analyses, comorbid dia-
betes with obesity was found to be an independent 
prognostic factor for disease-free survival (HR 
2.62, 95% CI 1.23–5.60, p = 0.001), but not over-
all survival (HR 2.52, 95% CI 0.97–6.58, 
p = 0.058).

�Hyperglycemia

Even relatively small differences in chronic 
hyperglycemia may dramatically increase mor-
tality as shown among a sample of women with 
clinically defined diabetes. Women with early-
stage breast cancer with a hemoglobin A1c of 
≥7% have more than twice the risk of all-cause 
mortality as compared to women with hemoglo-
bin A1c <6.5% [32].

To further understand this process, Connor 
et  al. evaluated the fructosamine levels of a 
subgroup of women who participated in the 
prospective case-cohort New Mexico HEAL 
study [44]. Fructosamine is a glycoprotein that 
has previously been used as an indicator of 
hyperglycemia that reflects a glycemic history 
of weeks rather than minutes in blood glucose 
levels or months in hemoglobin A1c levels 
[45]. Although Connor et al. found only mini-
mal positive associations between fructos-
amine and mortality as a continuous measure, 
women with clinically high fructosamine lev-
els had a much greater risk of mortality as 
compared to women with normal levels of 
fructosamine (all-cause HR 2.32, 95% CI 

1.30–4.14; breast cancer-specific HR 4.25, 
95% CI 1.67–10.80). This finding suggests that 
fructosamine may have prognostic value for 
patients with breast cancer in addition to or as 
an alternative to hemoglobin A1c.

�Managing Diabetes in Patients 
with Breast Cancer

The management of diabetes in patients with 
breast cancer is important [46]. Patients with a 
diagnosis of diabetes and those that develop hyper-
glycemia while undergoing treatment for malig-
nancies should have rigorous and multifactorial 
approaches for the control of their diabetes [47]. 
Currently, limited published studies are testing dif-
ferent approaches to managing diabetes and hyper-
glycemia in patients while being treated for cancer. 
However, there are existing recommendations 
from major professional organizations that pro-
vide detailed instructions on how to manage diabe-
tes in inpatient and outpatient settings [48–51]. 
Below, we will provide some practical suggestions 
based on current recommendations that will ease 
the management of diabetes and hyperglycemia in 
breast cancer survivors.

While treating these patients, it is important to 
consider the patient’s short- and long-term health 
goals. Further, treatment goals should be revis-
ited regularly as the patient’s cancer progresses 
or improves. Treatment decisions should be per-
sonalized and patient centered [52].

Many factors of cancer treatment might con-
tribute to the worsening glycemic control in 
patients undergoing cancer treatment. Those fac-
tors are chemotherapeutic agents and their side 
effects, glucocorticoid use, lack of physical activ-
ity, dietary changes including enteral feeding, 
comorbidities, and psychosocial factors.

Patients newly diagnosed with diabetes, while 
undergoing cancer treatment, should receive dia-
betes education and nutrition. Mental health pro-
vider referral should be considered in patients 
with impairment of self-care, depression, diabetes 
distress syndrome, anxiety, declining ability to 
perform diabetes self-care, and symptoms suspi-
cious of eating disorders [46, 52]. Medication 
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choices should be driven by patient preference, 
overall health, comorbidities, life expectancy, 
nutrition status, degree of hyperglycemia, risk of 
hypoglycemia, cost, and complexity of the 
regimen.

Below is the proposed approach to diabetes 
screening and management in patients with a his-
tory of breast cancer [53]:

All patients not previously diagnosed with diabetes 
who meet ADA recommendations should be 
screened using one of the methods recommended 
by the ADA including a fasting glucose test, a 
2-hour oral glucose tolerance test, a hemoglobin 
A1c test, and a random blood glucose test in 
patients with classic symptoms of hyperglycemia 
or hyperglycemic crisis (Table 17.2).

Unless the patient presents with a clear hyper-
glycemia crisis and random blood glucose of equal 
or more than 200 mg/dl (11.1 mmol/L), the diag-
nosis of diabetes requires two abnormal test results 
from the same sample or in two separate test sam-
ples [55]. Health-care providers should become 
familiarized with some of the caveats of each test. 
For example, in patients with anemia, the hemo-
globin A1c might not be reliable as it might be 
lower than expected. Providers will need to utilize 
other methods like fructosamine to assess level of 
control.

	 1.	 Patients with a previous diagnosis of diabe-
tes and no hemoglobin A1c within the last 
3–6 months should get an A1c to determine 
the degree of glycemic control before the 
cancer diagnosis and treatment.

	 2.	 Review, in detail, the patient’s current diabe-
tes management regimen including medica-

tion names and doses to determine the need 
for adjustments on medication doses and/or 
regimen.

	 3.	 Determine the need for mental health referral 
as mentioned above.

	 4.	 Refer patients to diabetes education and 
nutritionist.

	 5.	 Obtain a detailed dietary and activity record.
	 6.	 Patients managed by an endocrinologist 

should continue working with their provid-
ers. Communication between the oncology 
team and other providers should remain open 
and frequent to allow appropriate transition 
of care and regimen adjustments.

	 7.	 Referral to endocrinology should be consid-
ered in all patients not able to control their 
diabetes on current regimen or those with 
difficulty controlling diabetes.

	 8.	 Medication(s) should be carefully chosen 
based on the medication mechanism of 
action, side effects, additional benefits, cost, 
route of administration, and frequency of 
administration [54]. Regimens should focus 
on simplifying the patient’s already complex 
medical management while getting cancer 
treatment.

	 9.	 Considering the constantly changing drugs 
to manage type 2 diabetes, providers should 
become aware of the available and emerging 
drugs and their benefits and side effects 
(Table 17.3).

	10.	 The patient requiring insulin (Table  17.4) 
should receive appropriate teaching on how 
to take their insulin and how to monitor their 
blood glucose. For example, patients on the 
basal/bolus regimen should check their blood 
glucose three to four times per day or use 
continuous glucose monitoring (sensor). 
Patients on basal insulin only can check fast-
ing and when symptomatic or with concern 
of hypoglycemia.

	11.	 The use of insulin pens is encouraged as it 
will facilitate adherence to the regimen and 
will minimize the complexity of insulin 
administration.

	12.	 During hospitalizations, patients’ medica-
tions should be revised. The use of metfor-

Table 17.2  American Diabetes Association diagnosis 
criteria for diabetes. From the ADA 2020 standard of care 
[54]

Fasting plasma glucose of > or = to 126 mg/dl 
(7.0 mmol/L) - fasting refers to no intake for at least 
8 hours
2-hour plasma glucose of > or = to 200 mg/dl 
(11.1 mmol/L) during 75 gr OGTT
Hemoglobin A1c > or = to 6.5% (48 mmol/Mol) test 
completed using a method that is NGSP certified and 
standardized to the Diabetes Control and Complications 
Trial (DCCT) assay
Random blood glucose of > or = to 200 mg/dl 
(11.1 mmol/L) in patients with classic symptoms of 
diabetes
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Table 17.3  Commonly used and approved drugs to the management of adults with type 2 diabetes and their side 
effects [54, 55]

Special considerations and side effects*
Route of 
administration

Metformin Oral medication, low cost, no risk of hypoglycemia, recommended 
with food, gastrointestinal side effects (diarrhea and nausea), 
contraindicated in patients with GFR <30 ml/min/1.73 m2, potential 
for B12 deficiency. Avoid if expecting to use IV contrast

Oral

SGLT-2 inhibitors Oral medication, high cost, renal dose adjustment required, risk of 
volume depletion and hypotension, risk of amputation and bone 
fracture (canagliflozin), genitourinary infection, increased LDL, 
Fournier gangrene

Oral

DDP-4 inhibitors Oral medication, high cost, risk of acute pancreatitis and joint pain, 
renal dose adjustment required except for linagliptin

Oral

GLP 1- receptor 
agonist

Injectable and oral (semaglutide), renal dose adjustment required 
(exenatide, lixisenatide), potential for acute kidney injury, risk of 
C-cell tumor of the thyroid (liraglutide, albiglutide, dulaglutide, 
exenatide extended release), gastrointestinal side effects (nausea, 
vomiting, diarrhea), injection site reaction, and questionable risk of 
acute pancreatitis

Oral (only one in this 
class recently 
approved - 
semaglutide)
Injections

Thiazolidinediones Oral, less commonly used, side effects include weight gain and fluid 
retention, risk of congestive heart failure, risk of bone fracture, risk of 
bladder cancer (pioglitazone), increased LDL

Oral

Sulfonylureas Oral, less commonly used, risk of hypoglycemia, glyburide not 
recommended, potential risk of cardiovascular mortality with older 
generations of sulfonureas

Oral

*Providers should constantly review changes to indications and side effects

Table 17.4  Type of insulin and duration of action [56, 57]

Insulin type Onset Peak Duration
Rapid acting
Aspart
Glulisine
Lispro

15 minutes 1 hour 2–4 hours

Short acting
Regular

30 minutes 2–3 hours 3–6 hours

Intermediate acting
NPH

2–4 hours 4–12 hours 12–18 hours

Long acting
Detemir
Glargine
Basaglar

Several hours No peak Up to 24 hours

Ultra-long acting
Degludec
Glargine u-300

6 hours No peak 36 hours or longer

Combinations
NPH/regular 70/30
Rapid acting 70/30
Rapid acting 75/25
Rapid acting 50/50
NPH/regular 50/50

30 min–1 hour
5–20 minutes
5–20 minutes
5–20 minutes
30 min–1 hour

2–12 hours
1–2 hours
1–2 hours
1–2 hours
2–12 hours

10–16 hours
10–16 hours
10–16 hours
10–16 hours
10–16 hours
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min should be revisited if there is an 
anticipated need to receive contrast material 
for imaging. Further, oral medications are 
not ideal in patients with nausea, vomiting, 
or at risk of dehydration.

	13.	 Patients with type 1 diabetes should 
always take their basal insulin, and the 
dose can be adjusted as needed in patients 
with significant weight loss and risk of 
hypoglycemia.

	14.	 Patients with significant elevation of post-
prandial glucose might require short- or 
rapid-acting insulin.

	15.	 Rapid-acting insulin should be considered in 
patients on steroids. The insulin dose for 
patients on preexisting insulin therapy might 
need to be increased two to three times the 
original dose. These patients will need close 
follow-up to titrate the insulin as needed 
based on the steroid dose, duration of ste-
roids, and associated symptoms.

	16.	 The management of patients on enteral nutri-
tion is complex, and an endocrinologist or 
diabetes specialist should be included as 
soon as possible in the management of these 
patients.
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Hair Loss

Elise A. Olsen

�Introduction

One in every eight women in the United States 
will get breast cancer in her lifetime [1], and 
there are 250,000 new cases of invasive breast 
cancer per year in women in the USA with an 
incidence of 125 per 100,000 persons [2]. 
Survival in breast cancer has increased over the 
past 20 years due to both new chemotherapeu-
tic agents and the use of endocrine therapy 
(ET). The overall 5-year relative survival rate 
in the USA is now 99% for localized disease, 
85% for regional disease, and 27% for distant-
stage disease [3]. Survival within each stage 
varies by tumor size with the 5-year relative 
survival of patients with regional disease now 
95% for tumors less than or equal to 2.0  cm, 
85% for tumors 2.1–5.0  cm, and 72% for 
tumors greater than 5.0 cm [4]. Breast cancer 
survivors now represent more than 3.5 million 
US women [5].

The initial concerns of the patient upon diag-
nosis of breast cancer usually are regarding prog-
nosis and the acute side effects of therapy. Hair 
loss or alopecia, a disorder characterized by a 
decrease in the density of scalp hair compared to 
normal for a given individual at a given age, is 
identified by 58% of women as the most disturb-
ing anticipated adverse event of chemotherapy 

[6] and the second most troublesome side effect 
after the effect on family or partner [7]. With the 
knowledge that a long life after initial treatment 
is possible, or even probable, focus should be on 
preventing or ameliorating the long-term treat-
ment sequelae that adversely affect the quality of 
life in survivors.

Hair loss in breast cancer survivors is com-
mon and variable in degree but may be related 
not only to former chemotherapy but also to ET, 
sudden menopause, underlying hair disorders 
present prior to the diagnosis of breast cancer, 
or new hair disorders not uncommon in women. 
Each of these types of hair loss has its own clin-
ical characteristics, pathological findings, 
potential for progression or regrowth, and 
effective treatments, which may or may not be 
safe to use in this population. This chapter will 
focus on how to recognize the types and poten-
tial treatments of hair loss in breast cancer 
survivors.

�The Hair Loss Cycle

To understand hair loss, it is important to under-
stand the basic components of the hair growth 
cycle (Fig.  18.1). Each mature follicle consists 
of a germinative bulb of matrix cells with high 
mitotic activity and melanocytes that surround a 
dermal collection of cells with inductive proper-
ties (the dermal papilla). The matrix cells pro-
duce a fused bundle of keratin fibers (hair shaft) 
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that are surrounded by inner and outer root 
sheaths that provide a protective coating, anchor 
the growing hair, and provide a reservoir of plu-
ripotential cells. Attached to the follicle are a 
sebaceous gland and an arrector pili muscle that 
inserts close to the sebaceous gland. A special-
ized collection of hair stem cells is tucked into 
the area known as the “bulge” close to the inser-
tion of the arrector pili muscle [8]. All hairs, 
regardless of body location, go through a cycle 
that includes, in order, growth (anagen), involu-
tion (catagen), rest (telogen), and regrowth/cre-
ation of a new growing hair. Anagen lasts for a 
variable period of time depending on body area, 
presence or absence of underlying pattern hair 
loss (also referred to as androgenetic alopecia), 
and prior exposure to treatments that may have 
permanently altered the matrix cells. At the con-
clusion of anagen, catagen ensues during which 
the bulb matrix and lower root sheaths undergo 
apoptosis causing cessation of cellular prolifera-

tion and melanocytes discontinue melanin pro-
duction. The inferior follicle and dermal papilla 
then separate and move up into the dermis from 
the subcutaneous tissue, albeit at different rates, 
coming to rest near the insertion of the arrector 
pili muscle [8]. For all hair-bearing areas of the 
body, catagen lasts about 2–4 weeks and telogen 
normally 2–4  months [9]. Hairs in telogen, 
which are poorly anchored due to changes in the 
surrounding root sheath, are often dislodged 
with traction from shampooing, combing, and 
styling during this time period. At the end of 
telogen, the follicular cells move inferiorly to 
their former position, envelop the dermal papilla 
once again, and begin proliferation; if still pres-
ent, the remaining telogen hair is ejected. It is 
during the proliferative phase of anagen that the 
hair follicle matrix cells are most vulnerable, 
whereas the stem cells, due to slow cycling, are 
better protected from damage due to chemother-
apy or radiation therapy.

Fig. 18.1  Hair loss 
cycle (Messenger A, The 
Control of Hair Growth 
and Pigmentation in 
Olsen. EA (editor). Hair 
Disorders: Diagnosis 
and Treatment, McGraw 
Hill, NY, 2004, page 50
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In the normal scalp, 85–90% of hair is in ana-
gen. The duration of anagen will determine the 
length of hair and is relatively fixed per body site 
[9]. The perception of scalp “coverage” with hair 
is due to a number of factors including the num-
ber of viable follicular units, the number of hairs 
per follicular unit (typically more than one), the 
diameter of the hairs projecting from the scalp, 
and the ratio of anagen to telogen hairs. Typical 
hair growth is 1  cm/month. Two common hair 
loss conditions in women, chronic telogen efflu-
vium (CTE) and female-pattern hair loss (FPHL), 
cause potentially reversible hair loss and may 
contribute to the hair loss seen in breast cancer 
survivors.

�Psychological Effect of Scalp Hair 
Loss

Hair loss is a problem that may create significant 
anxiety and depression in patients of all ages. In 
cancer survivors, alopecia has been associated 
with depression, anxiety, low self-esteem, negative 
body image, and a decrease in health-related qual-
ity of life (HRQOL) [6, 10]. The lack of ability to 
camouflage the hair loss, the lack of stability in 
social relationships or job, and the degree to which 
the individual’s positive self-image is related to 
her scalp hair all potentially relate to the negative 
feelings of self-worth. It is important to note that 
the degree of distress may not correlate with the 
severity of hair loss [11, 12] and that there may be 
more concern about hair loss with early disease 
when survival is more assured than with metastatic 
disease when survival is threatened [12].

�Persistent Chemotherapy-Induced 
Alopecia

Most agents used in multiagent chemotherapy for 
breast cancer will cause some decrease in hair 
density/shedding during treatment, but certain 
agents will cause complete alopecia. The agents 
used to treat breast cancer that may induce 
increased shedding or mild hair loss include 
methotrexate, cisplatin, and 5-fluorouracil; these 

agents are unlikely to cause long-term hair loss 
after the agents are discontinued [10, 13]. The 
regimens used for breast cancer therapy that are 
most likely to cause severe or complete hair loss 
are those that include cyclophosphamide, anthra-
cyclines and taxanes [13]. These latter agents 
cause immediate cell death of the matrix kerati-
nocytes and melanocytes [14, 15], leading to ana-
gen arrest with constriction, thinning, and 
potential fracture of affected hairs [16]. Scalp 
cooling, by decreasing the blood flow and thereby 
exposure of hair follicles to chemotherapy, may 
prevent chemotherapy-induced alopecia (CIA) in 
up to 59% of patients on a taxane-based regimen 
but only 16% of those on an anthracycline-based 
regimen [17]. Hair loss with those agents, which 
likely leads to total or near-total hair loss, usually 
begins with profound shedding within 1–3 weeks 
after initiation of therapy [(18 days ± 12.6 (SD) 
in one study] [18] and is usually most prominent 
by 6 weeks [19]. This may be accompanied by 
transient folliculitis of the scalp. Hair regrowth 
usually begins within 2–4  months after discon-
tinuation of therapy with the maximum recovery 
at about 1 year [18]. The new hair may be differ-
ent in color, texture (straight/curly), or thickness 
compared to pre-chemotherapy. Topical minoxi-
dil may accelerate the initiation of hair regrowth; 
although reported with 2% topical minoxidil 
[20], most hair experts would recommend 5% 
topical minoxidil foam or solution twice a day as 
safe and more effective than 2% topical minoxi-
dil solution twice a day (personal communica-
tion, E Olsen) based on data in male and 
female-pattern hair loss [21, 22].

Persistent chemotherapy-induced alopecia 
(pCIA) is a term used to describe patients treated 
with chemotherapy who experience incomplete 
hair regrowth >6 months following completion of 
chemotherapy (Fig. 18.2) [23]. The incidence of 
pCIA at 6 and 36 months post-chemotherapy in 
one prospective cohort study in Korea of breast 
cancer patients who received either doxorubicin 
plus cyclophosphamide (AC), fluorouracil plus 
cyclophosphamide and doxorubicin (FAC), or 
AC plus docetaxel as adjuvant therapy was 39.5% 
and 42.3%, respectively. Although in this study, 
pCIA was defined as absent or incomplete hair 
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growth based on two standard deviations below 
the values pre-chemotherapy for either a decrease 
of hair density or thickness (diameter), the major 
long-term change was related to a decrease in 
hair thickness [24]. The primary complaints of 
patients were thinning hair (75%) and reduced 
hair volume (54%). A second Korean study at a 
different site of 265 breast cancer patients treated 
with an anthracycline plus cyclophosphamide 
(AC) or anthracycline-based therapy plus taxane 
(with or without trastuzumab or ET) found simi-
lar results of alopecia in 43.2% of patients at 

3–5  years post-chemotherapy [25]. In a single-
center study in France, patients with early breast 
cancer treated with fluorouracil/epirubicin/cyclo-
phosphamide (FEC-100) and docetaxel, with 
pre-chemotherapy scalp cooling, had a 5-year 
incidence of alopecia of 32.9% based on photo-
graphic review of their scalp hair [26]. The degree 
of hair loss may be related to the particular che-
motherapeutic agent, the combination of agents, 
the drug half-life, dose, dosing frequency, and 
duration of treatment. Severe hair loss (Common 
Terminology Criteria for Adverse Events 
(CTCAE) Grade 2 or >50% hair loss) has been 
reported to be higher with taxane- and 
anthracycline-based chemotherapy (10.5%) than 
doxorubicin and cyclophosphamide (2.7%) [25]. 
In these cases of severe pCIA, there may have 
been permanent damage to the hair follicle stem 
cells during therapy [27, 28], so there is actual 
loss of follicular units. Patients treated with 
taxane-based treatment regimens are more likely 
to experience pCIA than those with other treat-
ments [24, 29–31].

�Clinical Evaluation

Before immediately ascribing all scalp hair loss 
to the preceding chemotherapy, one has to con-
sider other concomitant factors or conditions. 
Early-onset FPHL (presentation teens to third 
decade) is a progressive lifelong hair loss related 
to follicular androgen sensitivity [32]. Late-onset 
FPHL may first appear at the time of perimeno-
pause or menopause and phenotypically overlaps 
with early-onset FPHL and the onset of senescent 
alopecia. Both early- and late-onset FPHL are 
related to a progressive miniaturization of 
affected hair follicles (thinner, shorter hairs) in 
the involved section of the central scalp. Other 
features of FPHL include a shorter anagen dura-
tion, prolongation of a latent phase of the cycle 
after the telogen hair has been shed (termed keno-
gen) [33], and a lower anagen/telogen ratio [34]. 
Chemotherapy or ET may exacerbate either 
early- or late-onset FPHL.

a

b

Fig. 18.2  Patient with pCIA following docetaxel/
carboplatin/trastuzumab and tamoxifen. (a) Midline 
part (b) Back of scalp

E. A. Olsen
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FPHL is characterized clinically by a 
decrease in hair density in the central scalp with 
usually one of two patterns of hair loss: central 
thinning (Ludwig pattern) or frontal accentua-
tion/Christmas tree pattern (Olsen pattern, 
Fig. 18.3a–c) [32, 35]. Preservation of follicular 
ostia (visible pores) in areas of hair loss ensures 
that the follicular apparatus is still present and, 
hence, the condition potentially reversible. A 
midline central part width compared to a similar 
parting of hair in the occiput is a simple way of 
documenting the relative decrease in hair den-
sity in FPHL in the central scalp since the occip-
ital hair is not under androgen control and thus 
not subject to the balding process.

Chronic telogen effluvium (CTE) is charac-
terized by an increase in the percentage of 

hairs in telogen all over the scalp that leads to 
a marked increase in hair shedding and a global 
decrease in hair density that persists for greater 
than 6 months [34]. This is a potentially revers-
ible process with intact ostia but one without 
an obvious etiology. In CTE, a hair pull, which 
involves grasping several groups of 50–60 
hairs at the base and pulling gently towards the 
ends [9], will usually produce >2 telogen hairs 
per pull in multiple areas of the scalp [36]. A 
hair pull is an easy test to do at the bedside to 
corroborate the history of an increase in shed-
ding. Telogen hairs can be recognized clini-
cally by their rounded-up proximal end. The 
degree of shedding may be graded according to 
the Hair Shedding Visual Scale based on the 
amount of shed hairs collected on a daily basis 
[37]. There is a potential for overlap between 
FPHL and CTE.

Another type of scalp hair loss that commonly 
occurs in postmenopausal women who are over 
the age of 50  years, similar to the peak age of 
onset of breast cancer, is frontal fibrosing alope-
cia (FFA) (Fig. 18.4). This is a condition of pri-
marily postmenopausal Caucasian women 
characterized by frontal/parietal hairline reces-
sion and eyebrow loss accompanied frequently 
by perifollicular erythema and scale in affected 
areas [38]. It is quite distinct from any hair loss 

Fig. 18.3  Female-pattern hair loss (FPHL). Presentation 
of FPHL in three different women as shown by midline 
part of hair in central scalp. Frontal accentuation may be 

subtle but is an important clue to distinguishing FPHL vs 
chronic telogen effluvium. With extensive hair loss, part 
will widen markedly across central scalp

Text Box
Differential diagnosis of hair loss in breast 
cancer survivors:

•	 Female-pattern hair loss (FPHL)
•	 Chronic telogen effluvium (CTE)
•	 Frontal fibrosing alopecia (FFA)
•	 Central centrifugal cicatricial alopecia 

(CCCA) (primarily in African-American 
women)
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condition seen with pCIA, both clinically and 
pathologically, since this is a type of scarring 
(destructive) hair loss. However, it may overlap 
with FPHL.

Central centrifugal cicatricial alopecia 
(CCCA) occurs in about 5% of African-American 
women (Fig. 18.5) [39]. It is a slowly expanding 
process of scarring alopecia in the central scalp. 
CCCA may occur at any age and may be caused 
by a compilation of hair care practices, underly-
ing endocrine issues, and/or genetic abnormali-
ties. It is not a pattern seen with pCIA but must be 
considered as a secondary condition in any 
African-American woman with pCIA or 
ET-induced alopecia (EIA).

In addition to scalp hair loss, extremity/axil-
lary/pubic hair, eyelashes, and eyebrows may be 
persistently decreased in breast cancer survivors 

post-treatment. Loss of body hair may be related 
to prior chemotherapy, menopause, or, if present, 
FFA.

A scalp biopsy in pCIA is important to assess 
the potential for regrowth and help to confirm 
the clinical diagnosis. A 4-mm punch biopsy 
sectioned horizontally is preferred so that the 
number of follicular units and the anagen/telo-
gen ratio can be determined [34]. In most cases 
of pCIA, with or without concomitant ET, there 
are miniaturization and an increase in telogen 
hairs, analogous to FPHL [30, 40]. Although a 
few published cases of pCIA showed a perifol-
licular lymphocytic infiltrate [30, 31], this is 
also a common pathological finding in biopsies 
of male- and female-pattern hair loss (PHL). A 
decrease in follicular density [30, 31, 41] may 
be seen that aligns histologically with the fea-

a

b

Fig. 18.4  Frontal fibrosing alopecia (FFA). (a) Patient 
with even recession of frontal hairline, perifollicular ery-
thema, and loss of eyebrows. (b) Patient with irregular 

recession of frontal hairline with “lonely hairs” out front, 
perifollicular erythema, extensive parietal hair loss, and 
eyebrow loss
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tures of “cicatricial pattern hair loss” [42]. 
Depending on the degree of loss, patients with 
pCIA may have little ability to reverse the low 
hair density. One pathological study of CIA 
showed dysmorphic telogen germinal units [30], 
and another showed multiple basaloid aggre-
gates of uncertain significance [41].

�Endocrine Therapy-Induced 
Alopecia

Adjuvant endocrine therapy includes the use of 
selective estrogen receptor (ER) modulators 
(SERMs; tamoxifen), aromatase inhibitors (AIs) 
(anastrozole, letrozole, or exemestane), or 
gonadotropin-releasing hormone agonists (gose-
relin or leuprolide). Current recommendations 
for patients with hormone receptor-positive 
breast cancer include 5–10 years of ET [43]. In a 
hospital-based registry of 851 female breast can-
cer survivors, 22% of those on AIs reported hair 
loss and 32% reported hair thinning [44]. In a 
meta-analysis of 13,415 patients treated with 
various types of ET in 35 different cancer clinical 
trials, the incidence of alopecia (defined as 
CTCAE Grade 1 or 2) was reported for the fol-
lowing specific agents [45]: anastrozole 2.5% 
(15/599), exemestane 2.2% (24/1096), letrozole 
2.5% (101/4056), and higher rates for leuprorelin 
9.5% (28/294), tamoxifen 9.3% (314/3379), 
tamoxifen with goserelin 10% (51/511), and 
tamoxifen followed by anastrozole 14.7% 
(274/1865).

The percentage of patients with Grade 2 
CTCAE alopecia was seen with the following 
ETs: 1.3% with exemestane, 0.2% with letro-
zole, 1.0% with leuprorelin, and highest with 
tamoxifen (6.4%) [45]. In a study specifically 
looking at breast cancer patients with ET-induced 
alopecia (EIA), 67% were taking an AI and 33% 
tamoxifen [46]. Patients with EIA have the hair 
loss pattern, trichoscopic findings on dermos-
copy (including variation of diameter/miniatur-
ization of hairs, yellow dots) [46], and scalp 
biopsy findings similar to naturally occurring 
FPHL.  The mechanism of hair loss may be 

a b c

Fig. 18.5  Central Centrifugal Cicatricial Alopecia (CCCA. (a) Early central scalp hair loss with widened part width. 
(b) Marked frontal hair loss. (c) Extensive central and vertex scalp hair loss

Text Box
Common Terminology Criteria for Adverse 
Events (CTCAE) for alopecia:

•	 Grade 0 = no hair loss
•	 Grade 1 = hair loss of <50% of normal 

for that individual that is not obvious 
from a distance, but only on close 
inspection; a different hairstyle may be 
required to cover the hair loss, but it 
does not require a wig or hairpiece to 
camouflage.

•	 Grade 2 = hair loss of ≥50% of normal 
for that individual that is readily appar-
ent to others; a wig or hairpiece is nec-
essary if the patient desires to completely 
camouflage the hair loss; associated 
with psychosocial impact.
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related to the relative increase in tissue androgen 
[47] and the loss of anagen prolongation nor-
mally supported by estradiol [48].

�Treatment of pCIA or EIA

Except for alopecia areata, acute telogen efflu-
vium, and infectious causes, patients with hair 
loss disorders, including those that are desig-
nated non-scarring such as FPHL and CTE, may 
have only partial regrowth despite the use of all 
potential current treatments. Managing expecta-
tions for pCIA and EIA is, therefore, very 
important. A biopsy of a representative area of 
hair loss will help determine the density of via-
ble follicles and/or miniaturized hairs (which 
have the potential to become larger again) and 
will rule out other causes of hair loss. When try-
ing to discern whether a given treatment of hair 
loss is helpful, the most valuable aid is standard-
ized photographs taken before chemotherapy, 
after recovery, and at regular intervals after 
treatment, something typically not performed in 
oncology offices.

�Topical Minoxidil

Minoxidil is the safest and one of the most effec-
tive agents for treatment of hair loss in breast can-
cer survivors. It is a useful treatment for any hair 
loss condition where a decrease in density is sec-
ondary to a miniaturization of hair or a problem in 
hair cycling, such as FPHL, EIA, pCIA, or 
CTE. Topical minoxidil has been shown to cause 
premature entry of telogen follicles into anagen in 
animal models, which likely explains the rapid 
onset of effect (6–8  weeks) [49] and the typical 
shedding that one may see during the first month 
of treatment as anagen is synchronized and pro-
moted. Minoxidil also prolongs anagen and 
increases the diameter of miniaturized hairs. 
Topical minoxidil is highly effective if applied 
correctly and consistently. Although only 2% topi-
cal minoxidil solution twice a day and 5% topical 
minoxidil foam once a day are FDA approved for 
use in women, 5% topical minoxidil foam or solu-
tion applied twice a day is more effective [21, 22] 
and is safe for women. To enhance absorption, 
based on data from radioactive labeling and uri-
nary excretion studies [50, 51], any blow-drying of 
hair should be done prior to application, no appli-
cations of other medications should be applied to 
the scalp during the 4–6-h absorption time for 
minoxidil, and application should be directly onto 
the scalp. Assessment of efficacy should not be 
made before 6 months of treatment to allow new 
hair growth to reach a length that contributes to 
overall density. Topical minoxidil application may 
also be prescribed to treat thin eyebrows [52].

The most common potential side effects of top-
ical minoxidil, all of which are reversible upon 
stopping the drug, are skin irritation, allergic con-
tact dermatitis, and facial hair growth, the latter 
which is usually limited to the sides of the face. 
Once stopped, any hair growth gained may be lost, 
but the process of hair loss will not accelerate.

�Oral Minoxidil

Oral minoxidil has advantages over topical min-
oxidil, especially when the hair loss process 

Text Box
Potential treatments for use by all patients 
with pCIA or EIA:

•	 Topical minoxidil
•	 Oral minoxidil
•	 Low-level laser treatment
•	 Topical prostaglandins (for eyelashes 

and eyebrows)
•	 Camouflage

Potential additional treatments for 
patients with EIA:

•	 For hormone receptor-negative patients:
–– 5-alpha-reductase inhibitors
–– Spironolactone

•	 For hormone receptor-positive patients:
–– Spironolactone with caution

•	 Platelet-rich plasma (PRP): with caution
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involves the entire scalp. There is some data that 
blood levels of 0.5–1 mg per day of oral minoxi-
dil are approximately equivalent to 5% topical 
minoxidil applied twice a day (personal commu-
nication, Rod Sinclair, MD). There are now pub-
lications noting the safety and efficacy of 
very-low-dose oral minoxidil 1–1.25 mg per day 
in PHL and CTE [53–55]. There is at least one 
case report of oral minoxidil use in pCIA [56] but 
no large placebo-controlled studies to date. 
Cardiovascular side effects can occur with use of 
oral minoxidil. It acts as vasodilator with rapid 
onset, leading to augmented cardiac output, salt 
and water retention, and an increase in plasma 
renin [57], which can lead to electrocardiographic 
changes, congestive heart failure, and peripheral 
edema. Physicians choosing to use this method of 
delivery for minoxidil for hair loss should be 
aware of the potential cardiovascular effects and 
monitor accordingly, especially those patients at 
highest risk of side effects due to coexisting 
hypertension and/or renal disease.

�Spironolactone

Spironolactone, a steroid analog and aldosterone 
antagonist, is FDA approved for heart failure, 
hypertension, edema, and primary hyperaldoste-
ronism. It has also been shown to have antiandro-
gen properties, probably through its negative 
effect on cytochrome P450-dependent 17-alpha-
hydroxylase (key to testosterone production) in 
the adrenal gland and testes and through inhibi-
tion of dihydrotestosterone (DHT) binding to the 
androgen receptor [58]. Because of its antiandro-
gen properties, spironolactone is commonly used 
to treat FPHL [59, 60]. Spironolactone may clini-
cally cause gynecomastia in men and menstrual 
irregularities and painful breast enlargement in 
women. Because of its endocrine effects, there 
has been reluctance to use this medication in 
breast cancer survivors with pCIA or 
EIA.  Although a review of the literature found 
reported increases in estrogen in some men [58] 
and some women [61] with use of spironolac-
tone, there was no increase in breast cancer in 
two large studies of (1) 28,032 women over 

55  years age who received spironolactone vs 
56,961 controls [62] and (2) 19,284 hypertensive 
women aged 50–67 treated with antihypertensive 
therapy (including 751 who had received a 
potassium-sparing diuretic) vs 49,950 controls 
[63]. In addition, the International Agency for 
Research on Cancer deemed that there is inade-
quate evidence for carcinogenicity of spironolac-
tone in humans [64]. Additional recent data on 
safety comes from a review of the Humana 
Insurance database of breast cancer patients strat-
ified by spironolactone use: the results showed no 
association of spironolactone and increased 
breast cancer recurrence [65]. Spironolactone is a 
potassium-sparing diuretic, and elevation of 
potassium levels can occur, so labs, including a 
metabolic panel, should be checked during the 
first month of treatment.

�Finasteride

Finasteride, a type 2 5-alpha-reductase (5aR) 
inhibitor that decreases the metabolism of testos-
terone (T) to DHT [66], is FDA approved for 
male-pattern hair loss (MPHL) and benign pros-
tatic hypertrophy in 1 mg and 5 mg dose forms, 
respectively. Use of either dose in male-pattern 
hair loss (MPHL) leads to a 68% decrease in 
DHT and a corresponding 9–10% increase in tes-
tosterone [67, 68]. Despite some initial negative 
reports, likely related to study subject selection 
[69], finasteride has proven to be an effective and 
commonly used treatment for FPHL [70]. 
However, because testosterone is a prohormone 
for both estradiol and DHT production, inhibi-
tion of the 5aR pathway that produces higher lev-
els of testosterone could lead to higher aromatase 
conversion to estradiol, a concern in breast can-
cer patients. In an evaluation of 284 women in 21 
studies with idiopathic hirsutism, presumably 
many or most premenopausal, who were treated 
with finasteride, 34% had an increase in serum 
estrogen and 38% an increase in total testoster-
one [61]. For postmenopausal women who have 
very low testosterone levels, the potential for an 
increase in serum estrogen with finasteride is 
much lower. In one controlled study of finaste-
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ride 1  mg per day in postmenopausal women 
with a proven 5aR effect (a mean decrease in 
DHT of 42%), there was no significant effect on 
total serum testosterone or estradiol [69]. It is 
only in the presence of supplemental androgens 
or estrogens in postmenopausal women on 5aR 
inhibitors that increased estradiol levels are more 
likely. However, because of the small risk of ele-
vation of estrogen, until further safety data is 
available, both finasteride and dutasteride, the 
other FDA-approved 5aR inhibitors, are best 
avoided in survivors of hormone receptor-positive 
breast cancer. These agents may be acceptable 
for use in survivors of hormone receptor-negative 
breast cancer.

�Low-Level Laser Treatment

Low-level laser treatment (LLLT), with primar-
ily red to near-infrared wavelengths (600–
1000  nm) and low power densities, has been 
shown to promote hair growth in animal and 
human dermal papillae studies and in clinical 
trials of FPHL and MPHL [71]. There are sev-
eral LLLT devices on the market including laser 
combs and laser helmets, all available on the 
Internet for direct purchase by the consumer. 
The efficacy of LLLT in FPHL, as determined 
by target area hair counts, is similar to that of 
topical minoxidil in the initial months of treat-
ment but lower with long-term use [72]. There 
are currently no studies that show efficacy of 
LLLT in pCIA or EIA in breast cancer survi-
vors, but there is a suggestion of efficacy in a 
CIA rat model [73]. There are no safety con-
cerns for breast cancer survivors with LLLT.

�Platelet-Rich Plasma

Injections of platelet-rich plasma (PRP), which 
contain a high concentration of growth factors, 
have recently been used to treat a variety of hair 
loss conditions. The procedure to obtaining the 
PRP involves collection of the patient’s own 
blood and centrifugation into the component of 
PRP. The majority of data on efficacy has been in 

patients with PHL [74], but there remains a lack 
of standardization of mode of preparation, addi-
tion of activators, centrifugation specifics, plate-
let concentration needed for efficacy, volume 
injected, and frequency of injections. Whether 
PRP might be useful and safe in pCIA or EIA 
remains to be determined.

�Topical Prostaglandins

Bimatoprost, a prostaglandin F analog, is FDA 
approved for both glaucoma and eyelash hypotri-
chosis. The 0.03% solution applied to the eyelid 
margin results in an increase in thickness, length, 
and darkness of eyelashes [75]. In a double-
masked, randomized, parallel-group, multicenter 
study of 130 breast cancer patients who received 
cytotoxic chemotherapy, treatment at 6  months 
with topical bimatoprost vs placebo led to the fol-
lowing comparative results with baseline: longer 
eyelash length (38% vs 16%) and increased eye-
lash thickness (245% vs 33%) [76, 77]. The most 
common side effects of bimatoprost applied topi-
cally for eyelashes are conjunctival hyperemia, 
pruritus, skin hyperpigmentation, ocular irrita-
tion, dry eye symptoms, and erythema of the eye-
lids, which occur in less than 4%. Clinically 
relevant iris hyperpigmentation (seen with the 
intraocular treatment for glaucoma), periorbital 
fat atrophy, or changes in intraocular pressure are 
unlikely.

Bimatoprost 0.03% solution has also been 
shown to be useful for thinning eyebrows with 
increased fullness and darkness compared to pla-
cebo [78–80]. No skin pigmentation has been 
noted.

�Hair Transplants

Hair transplants rely on moving viable terminal 
scalp hair follicles from the occiput to areas of 
hair loss, typically the top of the scalp involved 
with pattern hair loss. It is usually of limited 
value in pCIA or EIA since the donor site may 
now be of low density as well.
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�Camouflage

For many breast cancer survivors with extensive 
persistent hair loss, wearing a wig may seem the 
easiest solution but may not be comfortable, afford-
able (at least those that are or look like human hair), 
or psychologically acceptable. Other options 
include wiglets, which augment the woman’s 
remaining hair; they sit on the top of the scalp, 
attach by clips to the remaining hair, and cascade 
down on the sides. Another alternative is exten-
sions or weaves, but these should not be attached 
by glue, which damages the hair shaft, or with trac-
tion that may pull out and permanently damage the 
remaining hair. Pigmented fibers, powders, or 
creams that approximate the color of the hair and 
are applied to the scalp help to lessen the contrast 
with the scalp skin but can create a physical barrier 
to the absorption of topical medications also 
applied to the scalp. Micropigmentation with tattoo 
stippling of permanent color between the follicular 
ostia can also lessen the contrast between scalp and 
scalp hair. Eyebrows can be tattooed, or for a 
slightly less permanent approach, microblading 
can be used. Microblading is a specialized tattoo-
ing technique that uses a multi-needle tool to add 
semipermanent pigments to the skin.

�Conclusion

Persistent alopecia, whether chemotherapy or ET 
related, although not life-threatening, potentially 
has significant psychological effects including a 
sadness for loss of one’s former self-image and a 
constant reminder of the cancer one has survived. 
As opposed to loss of a breast, loss of hair is also 
obvious to others. Mechanisms to prevent CIA 
without creating a privileged site from chemo-
therapy exposure would be a huge advance. 
Lacking this, there are some promising ways of 
encouraging regrowth of hair in survivors. More 
needs to be done in the area of preventing, track-
ing, and treating both pCIA and EIA.
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Skin Reactions Associated 
with Breast Cancer Treatment

Lauren Pontius Floyd

�Introduction

Some of the most common side effects that arise 
from the treatment of breast cancer are adverse 
skin reactions. These side effects can lead to sig-
nificant morbidity, with the severity of the adverse 
skin reactions ranging from benign to life-
threatening [1]. These treatment-related toxici-
ties can occur during treatment, as well as persist 
or evolve in the years following treatment. Our 
understanding of these adverse skin reactions has 
evolved significantly, as new therapeutics have 
been employed for breast cancer treatment. Many 
of these medications inhibit specific cell cycle 
phases, which directly impact normal cell turn-
over in the skin [2]. These new therapies have led 
to improved survival and treatment outcomes, but 
despite their benefits, the adverse skin reactions 
associated with these treatments can be bother-
some and, in some cases, life-threatening. 
Adverse skin reactions associated with breast 
cancer therapies can be grouped into several 
broad categories: chemotherapy reactions, tar-
geted therapy reactions, endocrine therapy 
reactions, and radiation reactions. Overviews of 
skin and nail changes related to treatments for 
breast cancer are provided in Tables 19.1, 19.2, 
and 19.3.

�Chemotherapy Reactions

Conventional chemotherapy remains a vital part 
of breast cancer management. Different chemo-
therapeutic agents have been used in various regi-
mens for many years, and the skin toxicities are 
well described. Each class of chemotherapeutic 
agent affects different parts of the cell cycle, 
which leads to disproportionate effects on the 
skin due to its rapid cell turnover [2, 3].

�Taxanes

Taxanes act via inhibition of mitosis and are 
among the most commonly used chemotherapeu-
tic agents in patients with all stages of breast can-
cer. Adverse skin reactions are often associated 
with paclitaxel and docetaxel, the two taxanes 
most frequently used in breast cancer. Of greatest 
concern are immediate hypersensitivity reac-
tions, which can occur during or shortly after 
infusion. These hypersensitivity reactions are 
typically observed during the first or second cycle 
of treatment and classically present with urti-
caria, morbilliform eruption, flushing, angio-
edema, and pruritus. Prophylactic antihistamines 
and oral steroids are required premedications for 
paclitaxel and docetaxel infusions [2, 4]. Taxanes 
have also been linked with drug-induced lupus 
erythematosus, most commonly drug-induced 
subacute cutaneous lupus erythematosus (SCLE). 
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This can be clinically indistinguishable from 
idiopathic SCLE, with annular erythematous 
lesions in sun-exposed areas. These lesions typi-
cally regress within several weeks after discon-
tinuation of chemotherapy [4, 5].

Patients can also develop a taxane-induced 
form of hand-foot syndrome (HFS) that is dis-

tinct from HFS caused by other chemotherapeu-
tic agents. Rather than palmar and plantar 
erythema, patients develop erythematous plaques 
on the dorsal hands, the Achilles tendon, and the 
malleoli, in addition to associated pain and burn-
ing in these areas. However, it has only been 
reported in 5% and 10% of patients (docetaxel 
and paclitaxel, respectively) [2]. The impact on 
quality of life and functional impairment is vari-
able, but this can be dose-limiting if severe. These 
limitations can range from mild burning and pain 
that are easily tolerated to inability to walk or 
grip objects. Cryotherapy with the use of frozen 
gloves and socks during drug infusion has been 
found to be beneficial in preventing HFS in sev-
eral studies; emollients and topical steroids are 
used to treat the condition once it develops. After 
discontinuation of the taxane chemotherapeutic 
agent, HFS will typically resolve within several 
weeks [6].

Uncommon taxane-related cutaneous reac-
tions include photosensitivity, radiation recall, 
scleroderma-like skin changes, and morbilliform 
eruptions. While most of these skin reactions 
occur during treatment and typically resolve fol-
lowing cessation of the drug, the scleroderma-
like skin changes can persist. These changes may 
be preceded by edema, and fibrotic changes 
develop progressively over several months of 

Table 19.2  Nail reactions that occur during breast cancer treatment, onset, and their management

Nail reactions Onset/duration Management
Taxanes Onycholysis, Beau’s lines, onychomelanosis, 

subungual hemorrhage
Develops during treatment 
course, can persist for 
many months after course 
completion

Prophylactic 
cryotherapy (frozen 
socks and gloves)

Antimetabolites Longitudinal melanonychia (capecitabine), 
diffuse/transverse/half-and-half 
melanonychia (5-FU), paronychia (5-FU), 
nail dystrophy, onychomadesis

Develops during treatment 
course, can persist for 
many months after course 
completion

Monitoring

Alkylating 
agents

Pigmentary changes (longitudinal, 
transverse, and/or diffuse pigmentation), 
onychodystrophy, onycholysis, Beau’s lines, 
Muehrcke lines (cyclophosphamide)

Develops during treatment 
course, can persist for 
many months after course 
completion

Monitoring

HER2-targeted 
therapy

Painful paronychia, subungual hemorrhages, 
onycholysis

Exacerbation of chemotherapy-induced nail 
toxicity

Develops during treatment 
course, can persist for 
many months after course 
completion
Develops during treatment 
course when simultaneous 
with chemotherapy

Prophylactic 
cryotherapy (not well 
studied in these 
medications)
Monitoring

Table 19.3  Nail reactions that occur during breast can-
cer treatment and their definitions

Nail reaction Definition
Onycholysis Separation of the nail from the 

nail bed
Beau’s lines Indentations that run across the 

nails, caused by temporary arrest 
of nail growth

Onychomelanosis Deposition of pigment in the nail 
unit

Subungual 
hemorrhage

Bleeding under the nail

Longitudinal 
melanonychia

Longitudinally oriented 
brown-black pigment in the nail

Transverse 
melanonychia

Transversely oriented brown-
black pigment in the nail

Diffuse 
melanonychia

Brown-black pigment that is 
present in the entire nail

Paronychia Inflammation of the tissue 
surrounding the nail (nail folds)

Onychodystrophy Any alteration in nail 
morphology (nail dystrophy)

Muehrcke lines Parallel, white transverse lines 
across the nail

L. P. Floyd
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therapy. The most common sites are on the distal 
extremities, and induration and fibrosis that occur 
may not even be noted until chemotherapy is 
complete. Discontinuing chemotherapy can 
sometimes lead to regression of these changes, 
but secondary sclerosis is still a risk in areas of 
long-standing edema. Initiating physical therapy 
is a crucial step in prevention [4, 7].

Taxanes are also frequently associated with 
common acute changes that have the potential to 
have a long-lasting negative impact. An example 
is nail toxicity, such as onycholysis (separation of 
the nail from the nail bed), Beau’s lines (indenta-
tions that run across the nails, caused by tempo-
rary arrest of nail growth), onychomelanosis 
(deposition of pigment in the nail unit), and sub-
ungual hemorrhage. In addition to nail toxicity, 
patients will often have paronychia of the lateral 
and proximal nail folds [8, 9]. There are several 
studies supporting the use of prophylactic cryo-
therapy, usually via frozen gloves or socks, to 
limit nail toxicity. Similar to scalp hypothermia 
therapy, cold treatments to hands and feet during 
chemotherapy infusion cause cold-induced vaso-
constriction of the distal fingers and toes, which 
limits the amount of drug that reaches the nail 
unit. The effect of taxanes on the nail is cumulative 
[10], and cryotherapy helps to reduce the total 
nail toxicity [11–14]. The long-term effects on 
the nail unit are less studied, and duration and 
resolution are often dictated by the structure of 
the nail and severity of the insult. Typically, reso-
lution occurs over months, though nail changes 
can persist if the connection between the nail 
plate and the nail bed is disrupted [15].

�Antimetabolites

Antimetabolites are a class of chemotherapeutic 
agents that function by substituting nucleotide 
analogues for the building blocks of DNA and 
RNA, which damage cells in S phase when they 
interrupt DNA synthesis and replication. 
Methotrexate, 5-fluorouracil (5-FU), and the oral 
prodrug of 5-FU, capecitabine, are all breast can-
cer chemotherapeutic agents that are part of this 
class. Methotrexate is less commonly implicated 

in cutaneous reactions, although photosensitivity 
can occur during treatment.

Classically, in regard to the skin, patients 
treated with 5-FU and capecitabine present with 
HFS, also known as palmoplantar erythrodyses-
thesia. There is a prodrome of pain and tingling 
in the extremities, followed by development of 
symmetric, sharply demarcated erythema across 
the palms and soles. This will typically arise in 
the first one to two cycles of treatment. HFS can 
occur in numerous contexts, including after treat-
ment with several other classes of chemotherapy. 
Functional impairment can be dose-limiting in 
severe cases due to pain, blistering, and desqua-
mation. HFS occurs less frequently when 5-FU is 
given as a bolus, compared to the incidence when 
given as a slow infusion. Capecitabine has a sig-
nificantly higher incidence of HFS as compared 
to 5-FU, and this is believed to be related to the 
oral medication functioning as a continuous infu-
sion. Data regarding prevention with pretreat-
ment of pyridoxine and oral dexamethasone has 
been mixed [16]. Management of mild to moder-
ate cases includes high-potency topical steroids 
(such as clobetasol and betamethasone dipropio-
nate) and topical keratolytics (such as ammonium 
lactate) one to two times per day and non-steroi-
dal anti-inflammatory drugs (NSAIDs) as needed, 
while management of severe cases is primarily 
addressed by decreasing the dose or discontinu-
ing the medication altogether until HFS resolves. 
Resolution typically occurs within several weeks, 
with complete resolution in 1–2 months after dis-
continuation of therapy [16, 17].

Both 5-FU and capecitabine can cause hyper-
pigmentation and other pigmentary changes. 
However, the appearance differs depending on 
the chemotherapeutic agent. While capecitabine 
and 5-FU are the same drug, different methods of 
delivery (5-FU as a bolus or IV infusion and 
capecitabine as an oral medication) cause varia-
tion in skin and nail reactions. Capecitabine pri-
marily causes acral hyperpigmentation, while 
5-FU can have a variety of hyperpigmentation 
patterns, including photodistributed, serpentine 
supravenous from the hand to the shoulder, wide-
spread and reticulate, serpentine streaks over the 
back and buttocks, and diffuse involvement of 
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the palms. Typically, hyperpigmentation will 
gradually self-resolve over weeks to months. 
Other reactions to antimetabolites include photo-
sensitivity, inflammation of actinic keratoses 
(primarily 5-FU and capecitabine), and radiation 
recall, which all tend to resolve after resolution of 
therapy. There are also several case reports of 
drug-induced SCLE and discoid cutaneous lupus 
erythematosus (DCLE) caused by 5-FU and 
capecitabine, which resolve within 2 months fol-
lowing discontinuation of chemotherapy [2, 18].

Nail changes are also variable depending on 
the specific antimetabolite. Capecitabine can 
cause longitudinal melanonychia (black or 
brown pigmentation of the nail) across single or 
multiple nails, as well as nail dystrophy with 
onycholysis and onychomadesis (proximal sep-
aration of the nail from the nail bed due to tem-
porary arrest of nail growth) [19–21]. 
Melanonychia induced by 5-FU can be diffuse, 
transverse, or half and half (distal nail is reddish 
brown; proximal nail is white), but not typically 
longitudinal. Melanonychia due to antimetabo-
lites does resolve as the nail grows out, but this 
process can take many months to years. 
Additionally, paronychia (inflammation of the 
nail folds) and diffuse nail thickening can occur 
during treatment [22].

�Alkylating Agents

Alkylating agents are divided into two broad cat-
egories: classical alkylating agents, such as 
cyclophosphamide, and platinum agents, such as 
carboplatin. They function by cross-linking 
DNA, which affects all phases of the cell cycle, 
and they are part of many breast cancer treatment 
regimens [3]. Cyclophosphamide can cause 
hyperpigmented macules and patches that occur 
most commonly on the palms, soles, nails, teeth, 
and, rarely, the gingiva. The hyperpigmentation 
typically develops after 4 weeks of therapy, and it 
can persist for 6–12 months following discontin-
uation of treatment. The nail changes can be 
prominent, with development of longitudinal, 
transverse, or even diffuse pigmentation across 
all nails. Patients can also develop onychodystro-

phy, onycholysis, Beau’s lines, or Muehrcke lines 
(paired white transverse lines across the nails) 
[22]. These nail changes do tend to regress slowly 
over many months once treatment is complete. 
More rarely with cyclophosphamide, patients can 
develop porphyria cutanea tarda (PCT), neutro-
philic eccrine hidradenitis (NEH), and radiation 
recall [23, 24]. PCT can develop after multiple 
cycles of treatment, and it will typically resolve 
within several weeks after discontinuing the che-
motherapeutic agent [23]. NEH presents with 
tender nodules, particularly on the trunk and 
extremities. It is considered a reactive, benign 
condition that resolves when treatment is discon-
tinued [25].

Platinum agents can also cause hyperpigmen-
tation, although the distribution is less distinc-
tive, tending to be patchy and diffuse. The 
hyperpigmentation occurs around the second or 
third course of treatment and primarily is seen on 
the dorsal surfaces of extremities, elbows, knees, 
and neck, preferentially occurring in sites of 
trauma or pressure. The hyperpigmentation is 
thought to be permanent, although the color 
change may improve with time [26]. The hyper-
pigmentation can also occasionally be seen in the 
nails and oral mucosa, but this is less common [2, 
22]. The other significant cutaneous reaction is a 
type I IgE-mediated hypersensitivity to platinum 
agents, but this only tends to occur after multiple 
treatments. As with taxanes, the reaction typi-
cally occurs during or immediately after infusion. 
Most commonly, patients will develop palmar 
pruritus, flushing, urticaria, and, rarely, anaphy-
laxis [27]. To prevent this hypersensitivity reac-
tion, antihistamines and oral steroids can be 
administered prior to each infusion, and the infu-
sion rate can be reduced. Once the hypersensitiv-
ity reaction occurs, it will typically resolve within 
several hours of treatment with antihistamines 
and oral or intravenous corticosteroids [27].

�Anthracyclines

The anthracycline chemotherapeutic agents are 
antitumor antibiotics and are present in some of 
the most commonly used chemotherapy regi-
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mens. These include both the classic forms of 
doxorubicin and epirubicin, as well as the lipo-
somal encapsulated forms. Anthracyclines func-
tion by interfering with topoisomerase II and are 
administered intravenously. Patients with 
anthracycline-induced HFS have a presentation 
very similar to the reaction caused by antime-
tabolites (see above). HFS typically occurs much 
more frequently in the liposomal encapsulated 
form of anthracyclines, although it has also been 
reported in the classic form [28]. Onset typically 
occurs within the first two to three cycles of 
treatment, and the course is usually self-limiting. 
Most patients have complete resolution within a 
month after the completion of treatment [29]. 
Mucositis is also fairly common in all forms of 
anthracyclines, and it was reported in 37% of 
patients in one community-based study [30]. A 
diffuse follicular rash, an intertrigo-like eruption 
in the skin folds, the onset of melanotic macules, 
and radiation recall are all due to the liposomal 
anthracycline formulations [2]. The develop-
ment of melanotic macules typically occurs on 
the trunk and extremities, including the palms 
and soles. There is melanocytic hyperplasia at 
the basal layer on histopathologic examination; 
some of these macules can fade over time, while 
others persist indefinitely [28, 31].

�HER2-Targeted Therapy Reactions

The advent of receptor-targeted therapy has sig-
nificantly altered treatment regimens and 
improved the survival in breast cancer patients 
over the past several decades. Tumors demon-
strating elevated expression of human epidermal 
growth factor receptor 2 (HER2), which serves as 
a marker for more aggressive tumor activity, are 
treated with therapeutic agents that specifically 
target the HER2 receptor [3].

Anti-HER2 agents include monoclonal antibod-
ies (trastuzumab and pertuzumab), an antibody-
drug conjugate (ado-trastuzumab emtansine), and 
tyrosine kinase inhibitors (lapatinib, neratinib, and 
tucatinib). Trastuzumab, pertuzumab, ado-trastu-
zumab emtansine, and neratinib are approved for 
use as adjuvant therapy for patients with HER2+ 

breast cancer. While skin toxicities have been well 
documented with the use of a related cell-surface 
protein called EGFR/HER1, cutaneous reactions 
occur at much lower rates in HER2-targeted thera-
pies [32]. Trastuzumab and pertuzumab, both 
humanized monoclonal antibodies that target 
HER2, have become a vital part of breast cancer 
treatment [3]. When skin reactions occur, papulo-
pustular eruptions and acneiform eruptions, similar 
to that seen with the use of EGFR/HER1-targeted 
therapy, are the most common. Regardless of the 
inducing agent, treatment of the papulopustular 
and acneiform eruptions is similar and ranges from 
antihistamines and topical steroids to systemic 
treatment with tetracyclines if severe. Patients 
undergoing treatment with HER2 inhibitors need 
to understand the vital importance of strict sun pre-
cautions as prevention against adverse cutaneous 
reactions. Topical steroids also play an important 
role in the prevention and treatment of these 
sequelae [32–34].

Nail toxicity is not as widely reported in 
HER2-targeted therapy compared to chemo-
therapy treatments, although there are case 
reports of HER2-targeted therapy exacerbating 
chemotherapy-induced nail toxicity [35]. 
Additionally, trastuzumab can cause taxane-
like toxicity, such as painful paronychia, subun-
gual hemorrhages, and onycholysis [15]. 
Prophylactic cryotherapy has primarily been 
studied in taxane-induced nail toxicity, but 
given the low risk associated with cryotherapy, 
it can be tried with HER2 inhibitors.

�Endocrine Therapy Reactions

Endocrine therapy is the frontline systemic treat-
ment used in patients with hormone receptor-
positive (HR+) breast cancer. This therapeutic 
approach specifically targets ER+ breast cancer 
with hormonal dependency and includes selec-
tive estrogen receptor modulators (SERM), aro-
matase inhibitors, and others. Skin reactions to 
endocrine therapies are rare.

SERMs, most notably tamoxifen used in the 
adjuvant setting, can cause flushing. More rarely 
they cause morbilliform eruptions, radiation 
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recall, and porphyria cutanea tarda (PCT), in 
addition to case reports of Stevens-Johnson syn-
drome [36]. It is theorized that the metabolite 
by-products of these drugs induce PCT [37]. As 
with cyclophosphamide, PCT tends to resolve 
after discontinuation of treatment. If the 
treatment-related toxicity is sufficiently severe, 
the medication should be discontinued and 
another endocrine therapy selected. Additionally, 
data regarding the long-term risk of skin malig-
nancy (both melanoma and non-melanoma skin 
cancers) following tamoxifen use have been 
inconclusive. While data from a study in 
Denmark indicate no significant difference in 
skin cancer risk when comparing women treated 
with tamoxifen and control groups, the limita-
tions of this study prevented stratified analyses 
in these cohorts [38].

The cutaneous toxicities that have been asso-
ciated with aromatase inhibitors (AI) as a class 
include cutaneous vasculitis, erythema nodosum, 
and subacute cutaneous lupus erythematosus. 
While uncommon, if one of these cutaneous reac-
tions does occur, treatment includes discontinua-
tion of the AI and the use of topical or oral 
corticosteroids. Patients can eventually be 
restarted on a different AI with minimal risk of 
recurrence of the cutaneous toxicity [3, 39, 40].

�Radiation Reactions

Radiation therapy plays a critical role in breast 
cancer management. It helps eradicate subclini-
cal disease after surgical resection of grossly evi-
dent tumors, reduce local recurrence rates, and 
increase breast cancer-specific survival in certain 
settings [41]. However, radiation also has short- 
and long-term effects on skin in the targeted field. 
Cutaneous radiation reactions are classically 
divided into two broad categories: (1) acute and 
(2) late skin reactions [42].

�Acute Reactions

Morbidity in the acute setting while radiation 
therapy delivery is ongoing is limited to the 
parts of the body within the irradiation field. 

There are typically very few systemic side 
effects, such as fatigue, nausea, and vomiting, in 
this setting. Acute radiation dermatitis typically 
will occur in the first 2–3  weeks of radiation 
therapy, and it can vary from mild erythema, dry 
desquamation, moist desquamation, mild bleed-
ing, and ulceration.

Radiation recall can occur within the first 
several weeks after initiating various systemic 
therapies (most chemotherapeutic agents such 
as taxanes, antimetabolites, alkylating agents, 
and anthracyclines, as well as tamoxifen), and 
it mimics acute radiation dermatitis with con-
tainment to the irradiated zone. The mechanism 
of radiation recall has not yet been fully eluci-
dated, although several mechanisms have been 
postulated. While most acute radiation dermati-
tis will self-resolve after 3–4  weeks, it can 
adversely affect quality of life as well as cause 
treatment delays or premature treatment dis-
continuation [42]. The severity and extent of 
acute radiation dermatitis are dependent on 
dose and tumor site, and treatment areas with 
close proximity to the skin are more adversely 
affected [43].

While there have been multiple studies for the 
prevention and management of radiation recall, 
the variation in clinical practice and the lack of 
high-quality data that support a single manage-
ment strategy have led to challenges and debate 
[44]. In regard to skin care, patients historically 
were instructed to not wash radiation sites. 
However, clinical trial results do not support the 
proscription of cleansing skin fields involved in 
radiation treatment. It is now the standard clini-
cal practice for patients to wash radiation sites 
daily with gentle soap and water [45–47]. Topical 
steroids can be used as both prophylaxis and 
treatment of acute radiation dermatitis, with 
overall improvement in pruritus and discomfort. 
Cutaneous atrophy due to topical steroid use is 
typically not an issue, given the limited duration 
of therapy [42, 48]. There is no evidence of 
worsening radiation dermatitis due to deodorants 
or antiperspirants, and there is mixed data 
regarding other nonsteroidal topical agents, such 
as aloe vera, sucralfate, oil-in-water emulsions, 
hyaluronic acid, ascorbic acid, and silver dress-
ing [42, 49].
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�Late Reactions

The late reactions of radiation therapy typically 
occur months to years after the radiation expo-
sure. Common skin changes include hypopig-
mentation, hyperpigmentation, telangiectasias, 
atrophy, fibrosis, and ulceration. While acute 
reactions tend to self-resolve over a matter of 
weeks, late reactions can persist for years, 
adversely affecting quality of life, especially 
areas of chronic fibrosis or non-healing ulcer-
ations [44].

Telangiectasias can be treated primarily with 
pulsed dye laser (PDL), which is safe and effec-
tive [50]. Additionally, the likelihood of late 
reactions to radiation therapy increases with 
ongoing, unprotected sun exposure, and it is 
critically important for patients to wear sun-
screen, especially on the previously irradiated 
skin, and follow sun protective measures.

While there are multiple other exceedingly 
rare cutaneous conditions that can be induced 
by radiation, one of greater concern is a sec-
ondary malignancy. In general, breast cancer 
survivors are at a small increased risk for sec-
ondary dermatologic malignancies after radia-
tion, not limited to the radiation field [51]. This 
includes both melanoma and non-melanoma 
skin cancers, particularly in patients who 
received radiation at a young age. They may 
develop skin cancers many years after radia-
tion therapy. It is therefore important at regular 
follow-up visits to conduct appropriate age-
related cancer screening and regular skin 
examinations [52–54].

In addition to the various treatment options 
that have been discussed for acute and late radia-
tion reactions, it is important to note that techni-
cal advancements have enabled more precise 
delivery of radiotherapy to target treatment sites. 
The development of techniques such as field-in-
field 3D technique and breast intensity-modulated 
radiation therapy, as well as the ongoing research 
into hypofractionation, will be important for the 
prevention and treatment of radiation skin reac-
tions in the future [43].

�Conclusion

Here, more commonly seen adverse skin reac-
tions that occur during and after treatment of 
breast cancer were reviewed. These skin reac-
tions vary based on whether they occur in 
response to chemotherapeutic agents, targeted 
therapies, or ionizing radiation. Understanding 
the types of adverse skin reactions that could 
arise in response to a specific therapy enables 
doctors and patients to more readily detect and 
limit these sequelae, as well as differentiate 
between those that are annoying and those that 
are life-threatening. As the treatment of breast 
cancer improves with technological advance-
ments, our understanding of the side effects and 
their appropriate management will continue to 
evolve.
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Hereditary Cancer Counseling 
and Germline Genetic Testing

Carolyn Menendez, P. Kelly Marcom, 
and Linda M. Sutton

�Introduction

The linkage of early onset breast cancer to a spe-
cific gene mutation on chromosome 17q21 by 
investigators in the lab of Mary-Claire King at 
the University of California, Berkeley, in 1990 
was a pivotal moment in the clinical care of breast 
cancer. The identification of that specific gene, 
subsequently known as BRCA1, was followed by 
the identification of many more genes linked to 
an inherited susceptibility to breast cancers 
[1–5].

Genes known, as of 2021, to be associated 
with increased risk of breast cancer:

•	 BRCA1
•	 BRCA2
•	 PALB2
•	 ATM
•	 BARD1
•	 BRIP1
•	 CDH1

•	 CHEK2
•	 NBN
•	 NF1
•	 PTEN
•	 RAD51C
•	 RAD51D
•	 STK11
•	 TP53

Over the past 30 years, counseling and testing 
for germline genetic mutations that predispose 
individuals to cancer, which we will call cancer 
predisposing mutations (CPMs), have matured 
from an area of research interest to an integral 
part of the evaluation and treatment of patients 
with breast cancer. Research has expanded the 
number of known CPM, and next-generation 
DNA sequencing technology (NGS) now allows 
for efficient, relatively inexpensive testing. 
Currently, detection of a CPM may inform imme-
diate treatment options for local-regional man-
agement of breast cancer and/or guide systemic 
therapy choice [6, 7]. This component of compre-
hensive cancer care is an important and often eas-
ily overlooked element of survivorship care, 
where the opportunity for updating personal and 
family history may have far-reaching implica-
tions for the patient and their family. The goal of 
germline genetic testing is to identify CPMs and 
personalize screening and management strategies 
to reduce morbidity and mortality. The identifica-
tion of a CPM can lead not only to augmented 
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breast cancer screening and preventive 
approaches but also to screening for and preven-
tion of other cancers. Appreciation of the dynamic 
nature of personal and family history and the 
necessity of updated genetic risk assessment at 
every survivorship visit will lead to increased 
detection of hereditary cancer syndromes.

�Standard-of-Care Genetic 
Assessment at Diagnosis

All patients with a new diagnosis of breast cancer 
should be assessed for the possibility of a germ-
line, or inherited, CPM, as a contributor to the 
development of breast cancer. The clinical utility 
of germline genetic testing results in the periop-
erative period is continuously being refined for 
individual CPMs, supporting aggressive screen-
ing for the presence of these mutations. A num-
ber of national guidelines provide specific 
recommendations related to effective identifica-
tion of individuals with CPM.

�Guideline Recommendations

Detailed guidelines regarding germline genetic 
testing are available from many organizations 
and societies, including the following: the 
National Comprehensive Cancer Network 
(NCCN, www.nccn.org) [5]; the US Preventive 
Services Task Force [8]; the American Society 
of Clinical Oncology (ASCO, www.asco.org) 
[9]; and the American Society of Breast 
Surgeons (ASBrS, www.breastsurgeons.org) 
[10]. In general, guidelines attempt to maximize 
identification of individuals with a CPM while 
minimizing unnecessary testing that has the 
potential for providing misleading or confusing 
results (see interpretation of results below). The 
differences between the thoughtfully presented 
guidelines from each well-respected organiza-
tion reflect the controversies in thresholds for 
pre-test probability. Options for germline 
genetic testing looking for CPM have also 
expanded, and there is debate as to which pro-
viders should facilitate the test and which genes 

should be evaluated. Recommendations for test-
ing will continue to evolve. We recommend that 
providers engaged in survivorship care consult 
the aforementioned expert guidelines for the 
most up-to-date policies.

�Who to Refer?

There is uniform agreement to recommend test-
ing for CPM in certain scenarios, such as male 
breast cancer patient, patients under age 45 with 
any histology, and patients under age 60 with 
triple-negative breast cancer (TNBC). The 
national guideline recommendations are cur-
rently disparate regarding the patient over age 45 
without TNBC and the characterization of risk 
for the patient with a family history of primarily 
post-menopausal breast cancer. ASBrS issued a 
statement for consideration of germline genetic 
testing for all patients with a personal history of 
breast cancer, regardless of histology, age at diag-
nosis, or family history [7]. NCCN maintains an 
approach based on risk stratification given mul-
tiple variables in the individual pedigree [11].

�What Genes to Test?

Testing for CPMs, in genes such as BRCA1, 
BRCA2, tumor protein 53 (TP53), and phospha-
tase and tensin homolog deleted on chromosome 
10 (PTEN), has been available for over two 
decades. The use of multi-gene panel testing with 
next-generation sequencing (NGS) to simultane-

Guidelines Agree that Genetic Testing 
should be Offered in the Following
•	 Males with breast cancer
•	 Patient younger than age 45 years with 

diagnosis of breast cancer
•	 Patient younger than age 60 years with 

diagnosis of hormone-receptor-nega-
tive, HER2-negative (triple-negative) 
breast cancer

•	 Patient from ethnicities with high car-
rier rates, such as Ashkenazi Jews
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ously screen multiple genes (multi-gene panel test-
ing) has dramatically expanded since 2012 and is 
now the standard of care [12]. Several studies have 
demonstrated a near twofold increase in detection 
of relevant CPMs using panel testing [12, 13]. In 
fact, some reasonable arguments can be made for 
broad testing even in individuals without a relevant 
cancer diagnosis [14]. However, a thoughtfully 
selected panel of CPMs determined through 
curated pedigree is the current national guideline 
recommendation [11]. Family history and tumor 
phenotype guide customization of a gene panel. 
The cost for germline testing has decreased signifi-
cantly and is no longer a major issue in the selec-
tion of the panel of genes to test. For the major 
diagnostic laboratories, the testing cost is indepen-
dent of the number of genes sequenced. A well-
informed patient may consent for multi-gene panel 
testing. The NCCN has published guidelines for 
testing and management of several genes, includ-
ing estimated lifetime risk of breast cancer, breast 
cancer risk management considerations, other can-
cers at increased risk, and other considerations. 
These guidelines undergo substantive updates reg-
ularly, reflecting the rapid evolution of the science 
of germline testing for breast cancer hereditary pre-
disposition. Further details are available by view-
ing the entire guideline [5].

�Genetic Counseling Pre-/Post-test

Consultation with a certified genetic counselor or 
a provider with expertise in risk assessment and 
genetic counseling prior to testing for hereditary 
predisposition syndromes is regarded as best 
practice [15].

With the advent of multi-gene panel testing, 
the depth of knowledge required to advise indi-
viduals about the impact of specific mutations 
has expanded significantly. The 2015 American 
Cancer Society/American Society of Clinical 
Oncology Breast Cancer Survivorship Care 
Guideline recommends that clinicians should 
offer genetic counseling if potential hereditary 
risk factors are suspected [16]. The ASBS 
Consensus Guidelines on Genetic Testing specif-
ically recommends that medical professionals 
knowledgeable in genetic testing provide educa-
tion and counseling prior to testing [10]. However, 
the ASBS goes on to advise that strong consider-
ation should be given to consultation with cancer 
genetics specialists for those individuals found to 
have less common mutations. NCCN recom-
mends that medical professionals with requisite 
expertise and experience in medical genetics be 
involved in pre-test counseling, test selection, 
and post-test counseling [5]. Regardless of who 
performs hereditary cancer risk assessment, the 
assessment should include discussion of [1] 
appropriateness of genetic testing and potential 
harms and benefits, [2] the medical implications 
of positive and uncertain test results, [3] the pos-
sibility that the result may not be informative, 
and [4] implications for family.

One of the pitfalls in cancer genetic testing is 
the omission of post-test counseling. A survey 
related to genetic testing of women diagnosed 
with stage 0–II breast cancer between July 2013 
and September 2014  in the Georgia and Los 
Angeles SEER registries had 2529 women (71%) 
who responded. Among respondents with a high 
pre-test probability of a CPM, only 39.6% had a 
session with a genetic counselor at any point in 
time. Even among women who had a high risk of 
having a CPM and underwent genetic testing, only 
61.7% had a session with a genetic counselor [17].

�Interpretation and Documentation 
of Test Results

The technical aspects of genetic testing are com-
plex, so some familiarity with the concepts is 
helpful for interpreting testing results. Commercial 

Elements of Genetic Counseling
	1.	 Appropriateness of genetic testing and 

potential harms and benefits
	2.	 The medical implications of positive 

and uncertain test results
	3.	 The possibility that the result may not 

be informative
	4.	 Implications for family
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laboratories generate reports by comparing 
sequence data to a reference human sequence 
genome, as well as proprietary data, using a vari-
ety of in-house software packages for base call-
ing, alignment, variant identification, annotation, 
and generation of quality metrics [18, 19]. A vari-
ety of molecular changes can be reported as muta-
tions, such as single base changes resulting in a 
single amino acid alterations; insertions, dele-
tions, and duplications that can change the read-
ing frame and result in truncated proteins; splice 
site variants affecting the inclusion/exclusion of 
sequence in transcripts; and large chromosomal 
rearrangements.

The final test result makes an assertion about 
the relationship between the sequence variation, 
the effect on gene/protein function, and the con-
sequent health risks. The terms “mutation” and 
“polymorphism” are often confused; a mutation 
is a permanent change in the nucleotide sequence, 
while a polymorphism is defined as a variant with 
a frequency above 1%. It is recommended that in 
test results, both terms be replaced with the term 
“variant” [20]. Sequence variants are then classi-
fied as “pathogenic,” “likely pathogenic,” “vari-
ant of uncertain significance,” “likely benign,” or 
“benign.”

Classification of sequence variants:

–– Positive/pathogenic, in which the detected 
mutation clearly disrupts gene function and is 
therefore highly likely to cause clinical 
consequences

–– Likely pathogenic

–– Uncertain/variant of uncertain significance 
(VUS) or uncertain variant (UV, UCV), in 
which it is not known whether the variant has 
any effect on gene function or if it might con-
fer an increased cancer risk

–– Likely benign
–– Negative/benign, in which no variation in 

DNA sequence is detected

While this classification system has been in 
place for many years, the American College of 
Medical Genetics and Genomics and the 
Association for Molecular Pathology (ACMG-
AMP) have promulgated a detailed, formalized 
system for assigning variants to these categories 
[20]. Most of the major commercial genetic test-
ing laboratories have adopted this system, 
although some with modifications [21]. The 
ClinVar database provides the most comprehen-
sive collection of data supporting the assertions 
for variant classification [22]. While concerns 
have been raised about concordance of results 
reported to ClinVar by clinical laboratories, a 
careful analysis found only a 2.2% discordance 
rate [23].

Genetic testing results must be interpreted in 
clinical context. For unaffected individuals, a 
pathogenic or likely pathogenic result means an 
increased risk for cancer. The likelihood of 
developing cancer differs by gene, specific 
mutation, and genetic/ethnic background [24, 
25]. For survivorship considerations, a positive/
pathogenic result indicates that individuals 
have a CPM and that screening and prevention 
should be customized according to the specific 
CPM, as discussed further below. The likely 
benign and benign categories are usually not 
included in reports since they are of no known 
clinical utility, represent background genetic 
variation, and are filtered out in the bioinfor-
matics analysis pipeline.

A result of variant of uncertain significance 
(VUS) is a result for which [1] it is not known 
whether or not there is an effect on gene function 
and [2] it has not been seen in enough affected 
individuals/families to make a clear pathogenic-
ity determination. The use of large multi-gene 
panel testing has led to the identification of more 
VUS results [6]. VUS results are prone to over-

Molecular Changes Reported as Mutations

	1.	 Single base changes resulting in a single 
amino acid alterations

	2.	 Insertions, deletions, and duplications 
that can change the reading frame and 
result in truncated proteins

	3.	 Splice site variants affecting the inclu-
sion/exclusion of sequence in 
transcripts

	4.	 Large chromosomal rearrangements

C. Menendez et al.



309

interpretation [26] but should only rarely have 
any impact on clinical management. Family his-
tory provides a more useful guide to management 
for patients with VUS.

A common pitfall is declaring genetic testing 
results “negative” without considering the family 
history. Only in the case of a known familial CPM, 
when the testing does not find the known mutation, 
can an individual’s test results be declared “nega-
tive,” and even in this scenario, the declaration only 
applies for that specific CPM.  If testing does not 
identify a CPM, the more accurate statement is that 
“no CPM was found in the genes tested.” Results 
should be qualified to acknowledge that not all 
genetic contributions to cancer risk have been identi-
fied, particularly polygenic risks that contribute to 
familial cancer risk. Clinicians should consult a 
genetics professional for assistance in cases where 
testing results are unclear.

Documentation is critical in all cases. While 
maintenance of confidentiality is important, 
patients should be encouraged to disclose the 
results in their medical record and to their family 
so that they can be appropriately managed [27]. 
Results should include the specific genes 
sequenced, the results, the laboratory performing 
the testing, and the date of the testing. For VUS 
results, the details (nucleotide changes and 
change in protein sequence) may be helpful for 
future reclassification of the result.

�Impact of Results on Peri-diagnostic 
Management

Identification of a CPM can guide local-regional 
and systemic treatment recommendations and 
decisions. For example, a patient who might oth-
erwise be a candidate for breast-conserving sur-
gery might instead opt for ipsilateral therapeutic 
and contralateral prophylactic mastectomy; 
mutation leading to increased ovarian cancer risk 
can support including oophorectomy as part of 
the endocrine therapy plan; and clinical trials 
investigating targeted therapies for genetically 
related cancers can be considered [15]. These 
management options are guided by the specific 
CPM and the preferences of the patient.

Management strategies for BRCA1/2-related 
cancers are the most thoroughly developed. For 
local-regional management, studies show that 
breast conservation is equally effective in BRCA 
carriers and non-carriers with respect to in-breast 
recurrence risk. Decisions regarding the type of 
surgery should factor in contralateral breast cancer 
risk, and take into consideration age at diagnosis, 
family history of breast cancer, overall prognosis 
from the current or other cancers, ability of patient 
to undergo appropriate breast surveillance, comor-
bidities, and life expectancy. If patients opt for 
mastectomy, either unilateral or bilateral, nipple-
sparing procedures can be done if clinically appro-
priate otherwise. Radiation therapy, whether done 
for breast conservation or post-mastectomy, is not 
contraindicated in BRCA carriers and should be 
guided by standard clinical indications [9]. For sys-
temic therapy, initial enthusiasm supporting inclu-
sion of platinum agents as part of adjuvant 
chemotherapy has not been borne out in later clini-
cal trials [28]. More accurately, these trials support 
the conclusion that BRCA-related cancers are gen-
erally more sensitive to chemotherapy and that 
platinum-based therapy should not be added to 
adjuvant systemic therapy [28–30]. Prognosis for 
BRCA-related breast cancers is likely similar to that 
of sporadic breast cancers [31]; however, hormone-
receptor-positive BRCA-related cancers have been 
shown to have higher 21-gene recurrence scores, 
underscoring the relatively greater role for chemo-
therapy in early-stage BRCA cancers [32]. Poly-
adenosine diphosphate ribose polymerase (PARP) 
inhibitors, a class of targeted agents developed to 
cause synthetic lethality in BRCA-related cancers, 
have shown particular promise for improving sys-
temic therapy. While not approved for early-stage 
breast cancer, a preoperative treatment trial with 
the PARP inhibitor talazoparib showed a patho-
logic complete response rate of 53% with single 
agent therapy [33]. Ongoing studies are assessing 
the role of these agents for early-stage breast can-
cer [34].

Establishing the presence of a genetic predis-
position, therefore, widens the range of manage-
ment options. The experience to date supports the 
conclusion that clarifying the genetic basis of a 
patient’s cancer will improve initial treatment 
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outcomes. Additional research will further 
improve the management of breast cancers 
related to genes other than BRCA1/2. Moreover, 
the genetic information and decisions made will 
guide management in survivorship.

�Genetics Issues in Survivorship

For the geneticist, the survivorship period is a 
time for reevaluation. During survivorship fol-
low-up visits, the provider can identify factors 
that may lead to investigation of hereditary can-
cer syndromes not previously suspected during 
the acute phase of care. Additional factors war-
ranting consideration of testing may be uncov-
ered, such as previously unreported family 
history, new medical conditions (benign and can-
cerous), pathology from new biopsies, and over-
looked physical exam findings such as thyroid 
nodules, macrocephaly, and neurofibromas. 
Although increased clinician awareness will 
likely lead to increased genetic testing rates in the 
peri-diagnostic period, genetic knowledge and 
technology will continue to evolve, requiring 
ongoing reevaluation of survivors.

�Missed Testing

When it is discovered that a patient did not have 
genetic testing previously but now meets national 

guidelines, it is important to discern why the 
testing was not performed and attend to the 
underlying reason. In some cases, the answer 
will be that the patient did not meet guidelines 
previously or simply that the opportunity was 
missed. More often, the reason for omission is 
concern regarding the implications of testing 
such as financial concerns, misconceptions 
regarding testing, and discrimination concerns. 
It is very helpful to identify and address these 
concerns [35]. Referral to a trained genetic coun-
selor who can help the patient navigate the bar-
rage of media, marketing, and potential 
misperceptions regarding the current state of 
genetic testing is often the most effective way to 
address these concerns.

Despite its importance, not all appropriate 
patients have genetic counseling or testing during 
the peri-diagnostic phase. In the peri-diagnostic 
phase, genetic evaluation may add distress in an 
already emotional and overwhelming time, and 
the patient or provider may have omitted it from 
the workup. In an early review of the psychologic 
impact of genetic testing on breast cancer 
patients, Schlich-Bakker et al. found that genetic 
testing within the context of a recent diagnosis of 
breast cancer increases patients’ cancer-related 
distress [36]. However, the distress appeared to 
be ameliorated by genetic counseling. More 
recent data from 2529 women aged 20–79 years 
with stage 0–II breast cancer from two large 
SEER registries revealed that 80% of 773 women 
defined as high risk for a genetic predisposition  
wanted genetic testing but only ~53% had testing 
[37]. The main reason given for not undergoing 
genetic testing (56.1%) was not related to psy-
chological factors but rather that the test was not 
recommended by the doctor.

It is important that the provider initiate and 
complete the process for germline testing if it 
was not previously done. In the case of a patient 
who has considered having genetic testing or 
who had testing in the past, the family history 
should be updated in light of updated guide-
lines. Maintaining a vigilant approach to updat-
ing the personal and family history for every 
patient in the survivorship phase can result in 
identification of a CPM that will have an impact 

Implications of Finding a CPM at the Time of 
Initial Breast Cancer Diagnosis
•	 It prompts the discussion about [1] 

future breast cancer risk and [2] weigh-
ing of options: augmented breast cancer 
screening versus prophylactic surgery

•	 It demonstrates the potential need for 
monitoring of other cancers (depending 
on specific gene mutation).

•	 It prompts discussion of clinical trial 
options for gene carriers.

•	 For patients with metastatic disease, it 
provides a “target” for treatment.

C. Menendez et al.
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on their or their family members’ health 
(Fig. 20.1).

�Personalization of Follow-Up 
Screening/Secondary Prevention

Breast cancer survivors are routinely advised 
to [1] perform monthly self-breast evaluation 
with awareness of evolving changes within the 
breasts, [2] present to a provider for clinical 
breast exam annually, and [3] undergo mam-
mography annually for female patients with 
one or two intact breasts. General recommen-
dations regarding health maintenance, includ-
ing routine dermatology, gynecology, and 
gastrointestinal cancer screening, are also 
encouraged. If there is a known CPM, recom-
mendations regarding screening and monitor-
ing for new cancers need to be further 
personalized. For a CPM that increases the risk 
of breast cancer, enhanced screening with 
breast MRI has benefit. The Magnetic 
Resonance Imaging for Breast Screening 
(MARIBS) study published in 2005 demon-
strated a sensitivity of 77% for MRI, 40% for 
mammography, and 93% for the combination 
and established this approach as standard of 

care for breast screening for patients carrying a 
breast cancer predisposing CPM [38]. 
Subsequent studies have refined data for MRI 
screening [39–42], and this approach is 
endorsed by the guidelines [5, 43]. Without the 
knowledge of elevated risks due to a hereditary 
CPM, opportunities for personalized screening 
and secondary prevention will likely be missed.

�Prophylactic Surgical Interventions

The discovery of hereditary CPM/syndromes may 
lead a patient to consider risk-reducing surgery. 
The examples within BRCA1 and BRCA2 are 
well publicized in the media as celebrities have 
heightened public awareness and shared their per-
sonal stories of prophylactic surgical interven-
tions [44]. Studies done in the years following the 
identification of BRCA1 and BRCA2 demon-
strated the high efficacy of prophylactic mastecto-
mies to reduce the risk of breast cancer in mutation 
carriers [45]. Rebbeck et al. showed that prophy-
lactic mastectomy reduced risk by 90% at a mean 
follow-up of 6.4 years in women with intact ova-
ries; for women undergoing concurrent prophy-
lactic oophorectomy, risk was reduced by 95% 
[46]. This observation was consistent with the 

Prior Germline
Testing 

YES

Mutation
identified

Ensure appropriate
screening and

consults

VUS Identified
Contact testing lab

and/or check
databases

No mutations
identified,

appropriate panel

Reasess at next
follow up 

No mutations
identified, more
testing indicated

Refer for genetic
counseling

NO
Meets current

criteria for
germline testing

Yes
Refer for genetic

counseling 

No
Reasess at next

follow up

Fig. 20.1  Algorithm for evaluation of genetic testing status during survivorship
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work of Kauff et al. who showed that BRCA car-
riers who opted for prophylactic salpingo-oopho-
rectomy had a hazard ratio of 0.25 for gynecologic 
or breast cancer compared to those not having 
prophylactic surgery [47]. These data can be 
extrapolated to survivors found to have BRCA1 
or BRCA2 mutations.
There are other CPMs that prompt consideration 
of prophylactic mastectomy, albeit with less data. 
Like BRCA1/2, these genes also raise the option 
of prophylactic surgery in other organs such as 
the stomach (CDH1) and thyroid (PTEN) [48, 
49].

�Genetic Testing Results, 
Classification, and Updated Testing

Knowledge about CPM is growing quickly, and 
new CPMs are identified on a regular basis. 
Updated genetic testing may, therefore, some-
times be needed. For example, when it was 
discovered that large gene rearrangements 
accounted for some portion of BRCA1/2 muta-
tions in breast/ovarian cancer families, testing 
was expanded to include methodologies to detect 
these mutations that were missed by traditional 
Sanger sequencing [50]. Similarly, after the 
introduction of NGS-based testing in 2012 and 
the discovery of new breast cancer genes such as 
PALB2, what was previously adequate testing no 
longer sufficed [51]. These historical examples 
illustrate the need to stipulate the incompleteness 
of genetic testing results; while our knowledge is 
incomplete, it is also ever-expanding, and updated 
testing may be needed to address new findings.

VUS results pose a unique challenge during 
survivorship. As noted, this result category 
should not guide patient management. However, 
the result lingers, unresolved until the nature of 
the variant is clarified. Many laboratories and 
research groups are actively researching 
approaches for VUS reclassification. Data regard-
ing this process are most robust for BRCA1/2. 
Using data from Myriad Laboratories from 2006 
to 2016, Mersch et al. examined 59,955 variant 
reclassification amended reports from testing in 
1.45 million individuals [52]. Only 0.7% of 

pathogenic/likely pathogenic results were reclas-
sified. However, 7.7% of unique VUS results 
were reclassified: 91.2% to benign/likely benign, 
but 8.7% to pathogenic or likely pathogenic. Lyra 
et  al. examined VUS missense mutations in 
BRCA1. Using curated and harmonized func-
tional data for 2701 missense variants, they were 
able to classify 297 as pathogenic and 2058 vari-
ants as non-pathogenic by American College of 
Medical Genetics and Genomics (ACMG)/
Association for Molecular Pathology (AMP) cri-
teria [53].

While these efforts provide real progress, they 
raise the question of who is responsible for updat-
ing the patient when VUS are reclassified. Most 
testing laboratories will contact the ordering pro-
vider when a VUS is reclassified. However, it is 
also a good practice to periodically contact the 
laboratory for individual updates. Updates are 
also deposited in the ClinVar database (https://
www.ncbi.nlm.nih.gov/clinvar/) and can be 
checked on the database portal. Using these 
resources, every reported VUS should be reas-
sessed at each follow-up visit until it is reclassi-
fied to a definitive category [54] (Fig. 20.1).

�Somatic Testing on Metastases

Patients with metastatic disease, either following 
early-stage treatment or with de novo presenta-
tion, are in a special survivor category. While 
treatable, metastatic breast cancer is still ulti-
mately incurable in most patients. For these 
patients, somatic NGS of tumor tissue is a power-
ful tool for identifying therapeutic options based 
on observed mutations.

Mutations: Somatic vs Germline
A somatic mutation occurs in a single cell 

in the body or in tumor tissue and can-
not be inherited.

A germline mutation occurs in all cells in 
the body, including gametes (reproduc-
tive cells), and can be passed to 
offspring.
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Inherently, somatic sequencing data has germ-
line sequencing data embedded in the results, and 
these results of sequencing tumor tissue might 
indicate the presence of a germline mutation. 
Detecting germline mutations in genes that lead 
to homologous recombination deficiency (the 
inability to repair double-strand breaks), such as 
BRCA1 and BRCA2, is very important, since 
these cancers can be treated with PARP inhibi-
tors, including olaparib and talazoparib. As first-
line treatment, these agents are superior to 
chemotherapy [55, 56]. Consequently, the NCCN 
Breast Cancer guidelines support germline test-
ing for patients with metastatic breast cancer 
[57]. Whether somatic testing suffices for screen-
ing for germline mutations is unknown. Lincoln 
et  al. found that 8.1% of pathogenic germline 
mutations were missed by somatic tumor testing. 
It is therefore essential that these somatic NGS 
results be reviewed critically to confirm that the 
germline testing is complete. A mutation found 
on tumor testing does not confirm hereditary pre-
disposition and may be misinterpreted and/or 
misreported. If a potentially germline mutation is 
discovered on tumor testing, the provider should 
facilitate germline testing, and if prior germline 
testing has been completed, it is imperative to 
confirm that the specific gene of concern on 
tumor testing was included in the prior germline 
testing and remains classified as benign.

�Cascade Testing

Once in survivorship, a patient’s concern often 
turns to the cancer risks of family members. 
Family concern is one of the primary motivators 
for pursing genetic testing. Sometimes, this moti-
vates proceeding with genetic testing that the 
patient may have previously declined. Sharing 
informative testing results with family members 
is one of the most powerful ways to prevent 
breast cancer. Cascade testing is the process of 
extending these results as widely as possible in 
the family. This process must balance patient 
confidentiality, the duty to warn, and benefits of 
cascade testing [58, 59]. Given this, patients 

should be maximally empowered and assisted 
with disseminating this knowledge. Consideration 
of the ramifications for the family should not be 
overlooked. The role of the genetic counselor is 
especially relevant in this setting. Frey et  al. 
showed that genetic-counselor-facilitated cas-
cade testing can improve uptake of cascade test-
ing [60]. However, this may not be a practical 
approach for community practices. The nuances 
to testing an unaffected relative are quite differ-
ent from those in the patient who has completed 
their cancer care and warrant the expertise of a 
genetic counselor whenever possible. Short of 
general population screening for CPMs, a cur-
rently impractical approach, enhancement of cas-
cade testing is the most effective means for 
maximizing the population benefits of genetic 
testing [61].

�Future Directions

The inevitable trend for genetic testing is in the 
direction of broader genome assessment and less 
stringent patient criteria for testing. This trend 
will continue as long as providers and patients 
perceive that ascertainment of these data 
improves outcomes. Payors too must be con-
vinced, but the experience so far suggests cover-
age will be provided if outcomes are improved, 
particularly if costs continue to decline. Genetic 
insights about low/moderate penetrance muta-
tions, polygenic risk factors, epigenetic factors, 
and gene-gene modifiers of penetrance will also 
potentially reshape the field. These possibilities 
again highlight the importance of ongoing genetic 
risk assessment in survivors.
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�Introduction

Male breast cancer (MaBC) is a rare disease, 
accounting for approximately 1% of all breast 
cancer diagnoses. Due to its rarity, recommenda-
tions for management are often extrapolated from 
the female breast cancer literature. However, sig-
nificant differences in tumor and host biology, 
drug metabolism and toxicity, and psychosocial 
issues are known to exist between men and 
women with breast cancer [1–4]. Clinical trials 
enrolling breast cancer patients have often 
excluded men, and those allowing the inclusion 
of MaBC patients often accrue too few men to 
provide meaningful information on long-term 
sex-specific outcomes [5]. Given all this, survi-
vorship guidelines for female breast cancer may 
not be adequate for MaBC and may not fulfill 
men’s unique needs. In this chapter, we will con-
sider survivorship issues in MaBC and provide 
guidance on how to address them.

�Overview of the Differences 
in the Treatment of MaBC 
and Female Breast Cancer

Differences in treatment choices for male and 
female breast cancer have implications for the 
personalized management of subsequent toxici-
ties and surveillance for recurrence in MaBC sur-
vivors. For instance, more than two-thirds of men 
with localized breast cancer undergo mastectomy 
rather than lumpectomy [6]. In contrast, the rate 
of mastectomy in female breast cancer is around 
30–40% [7, 8]. Radiation therapy is less fre-
quently administered in the management of 
MaBC, even for men undergoing lumpectomy 
compared to women undergoing lumpectomy 
[6, 9, 10]. The indications for chemotherapy are 
similar between men and women. Although 
genomic stratifiers such as Oncotype DX have 
not specifically been validated in MaBC, they 
appear to be increasingly used to aid decision-
making regarding adjuvant chemotherapy in 
MaBC [6, 11]. As the recurrence score cutpoints 
used to guide chemotherapy in women may 
underappreciate the risk in men, gender-specific 
thresholds of the recurrence score categorization 
need further investigation [12]. Approximately 
85% of MaBCs are estrogen receptor (ER) posi-
tive, compared to around 75% of female breast 
cancers [10]. As a consequence, the majority of 
men with breast cancer are recommended to 
receive endocrine therapy [13]. These differences 
in the management of MaBC compared to women 
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with breast cancer should be taken into account 
when discussing survivorship issues with MaBC 
patients.

�Addressing Psychosocial Issues 
and Quality of life in MaBC 
Survivors

Female breast cancer survivors suffer emotional 
distress, anxiety, depression, and changes in 
quality of life throughout the course of their dis-
ease [14, 15]. In men, there are limited studies 
evaluating the long-term psychosocial impact of 
a breast cancer diagnosis. In the few available 
studies, it was evident that some survivors do 
experience psychosocial distress and/or poor 
quality of life [4, 16–18]. Compared to age-
matched control men, MaBC survivors have 
reported significantly poorer physical and mental 
health, more physical comorbidities and activity 
limitations, and poorer life satisfaction [17]. 
However, compared to female breast cancer sur-
vivors, male survivors generally do not report 
more emotional or quality of life impairments. It 
has been hypothesized that a breast cancer diag-
nosis could be uniquely distressing to men due to 
concerns regarding sexuality and masculinity; 
because breasts are considered female organs, 
some men have reported that breast cancer is a 
threat to self-perceived masculinity [19]. MaBC 
patients have also expressed concerns about mas-
tectomy scars (usually visible when shirtless in 
hot weather or while swimming) permanently 
identifying them as MaBC survivors, potentially 
making them more vulnerable to the stigma asso-
ciated with an MaBC diagnosis [19, 20]. A lack 
of awareness of the disease among the general 
population may be a contributor to social stigma-
tization. However, differential treatment by 
health-care providers, as well as the paucity of 
gender-neutral terminologies or information 
materials on breast cancer in the health-care sys-
tems, may also play a role [21]. Ultimately, this 
stigma associated with the disease may impact 
treatment or follow-up compliance among MaBC 
survivors.

In order to optimally support MaBC patients 
through their treatment and survivorship, it is 
important to address their psychosocial con-
cerns. MaBC patients should be asked about 
anxiety, depression, quality of life, and concerns 
about masculinity and sexuality during follow-
up visits (Fig. 21.1). In addition, using gender-
neutral terminologies and information materials 
specifically designed for MaBC may help 
decrease the stigma associated with the disease. 
While support groups are often available to 
decrease emotional distress related to breast 
cancer diagnosis in women [22–25], specific 
support groups for MaBC patients are rare, and 
support groups comprised predominantly of 
female survivors may not meet the unique psy-
chosocial needs of MaBC patients [20]. In this 
context, the creation of institutional pools of 
MaBC survivors willing to share their stories 
with other similar patients or referral to online 
support groups specifically designed for MaBC 
survivors [26] might be helpful (e.g., American 
Cancer Society Cancer Survivors Network has 
an online support group for MaBC patients). 
Referral to trained professionals adept to 
addressing psychosocial issues related to MaBC 
diagnosis may be needed in some cases.

�Management of Treatment-Related 
Toxicities in MaBC Survivors

Sex-specific differences in drug metabolism are 
known to exist, potentially conferring different 
toxicity profiles in men and women with breast 
cancer, even with the same treatment [2, 27]. In 
addition, a toxicity profile is also dependent on 
the baseline risk for certain conditions and the 
hormonal milieu, which are known to be differ-
ent between men and women. Because men 
often develop breast cancer at an older age com-
pared to women, the risk of toxicity, drug inter-
actions, and decreased adherence may be 
increased. Some of the most common short- and 
long-term toxicities in MaBC survivors with 
frequently used treatment regimens are high-
lighted below.
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�Endocrine Therapy

Tamoxifen is the preferred drug for the treatment 
of ER-positive MaBC.  The use of aromatase 
inhibitors in the adjuvant setting is typically 
restricted to patients who are not able to take 
tamoxifen and only given in conjunction with 
gonadotropin-releasing hormone analogues 
(GnRHa) [28]. Aromatase inhibitor monotherapy 
is usually not recommended, as it may not ade-
quately reduce estradiol levels in men due to 
direct production of estrogen from the testis 
when there is no concomitant use of GnRHa [29]. 
Tamoxifen is associated with hot flashes, weight 
gain, sexual dysfunction, and thromboembolic 
events in MaBC patients [30–32]. More than half 
of men with breast cancer experience one or more 
toxicities while taking tamoxifen, and toxicities 
lead to discontinuation of tamoxifen in approxi-
mately 20–25% of patients with MaBC within 
1–2 years of treatment [30, 32]. Sexual dysfunc-
tion and loss of libido have been reported by a 
significant proportion (13 to 40%) of patients 
taking tamoxifen [30–33], though it is unclear 
how much of this is due to the drug versus due to 

other comorbidities and aging. Similarly, the 
cumulative risk of thrombotic events in men 
treated with tamoxifen for breast cancer is 
approximately 12%, and the risk is markedly 
increased in the first 18 months of treatment and 
in older patients [34]. In contrast, women treated 
with tamoxifen for breast cancer have a 5-year 
risk of deep venous thrombosis or pulmonary 
embolism of around 1.2% [35]. Higher baseline 
risk for venous thromboembolism (VTE) [36] 
and the preferred use of tamoxifen in older men 
(as opposed to aromatase inhibitors in older 
women) may contribute to some of the differ-
ences in the rates of VTE. Although the rate of 
VTE with tamoxifen appears to be higher in male 
than female breast cancer survivors, there is no 
evidence to support prophylaxis with aspirin or 
other anticoagulants at this time. Evaluation for 
VTE or other cardiovascular conditions in MaBC 
survivors should be guided by symptoms, as it is 
in women with breast cancer.

In men treated with GnRHa plus aromatase 
inhibitors, the use of prolonged GnRHa may be 
associated with changes in metabolic states includ-
ing hyperinsulinemia, hypercholesterolemia, and 
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increase in body fat [37] and may be associated 
with an increased risk of myocardial infarction and 
stroke [38–40]. Special efforts should be made to 
optimize any modifiable cardiac risk factors in 
MaBC patients treated with these agents.

Health-care professionals should inquire 
about sexual dysfunction and loss of libido in 
MaBC patients (Fig.  21.1). While sexual dys-
function may be a result of endocrine therapy, 
other medical issues (including cardiovascular 
disease) and psychological factors related to 
breast cancer diagnosis may contribute, as well. 
The management of sexual dysfunction in 
MaBC survivors may require referral to a sex 
therapist and/or couples counselor. Relationship 
strain may contribute to or be caused by sexual 
dysfunction. Pharmacological management of 
sexual dysfunction with phosphodiesterase 5 
inhibitors, e.g., sildenafil, may be helpful, 
although specific studies evaluating efficacy in 
MaBC survivors have not been performed. Non-
pharmacologic management strategies should 
also be considered and offered to interested 
patients, with appropriate referral to urology 
specialists as needed.

For treatment of hot flashes induced by endo-
crine therapy, strategies similar to those used in 
female breast cancer or in men with prostate 
cancer may be used. Several randomized trials 
have identified non-hormonal medications that 
are effective in women, such as selective sero-
tonin reuptake inhibitors (SSRIs), serotonin-
norepinephrine reuptake inhibitors [41–54], 
gabapentinoids [43, 55–60], and oxybutynin 
[61–63]. However, data specific to men are lim-
ited [64]. In terms of specific SSRIs, agents that 
are not strong inhibitors of CYP2D6 (e.g., venla-
faxine) are generally preferred due to the poten-
tial concern that inhibition of CYP2D6 will 
decrease tamoxifen’s active metabolite, endoxi-
fen, although the clinical relevance of this inter-
action remains controversial. Testosterone 
supplementation for the management of hot 
flashes or hypogonadism in MaBC patients is 
typically avoided, especially in those with hor-
mone receptor-positive disease, although it may 
be considered in select cases after a thoughtful 
discussion on the risks and benefits [28].

�HER2-Directed Therapy

One in ten MaBC patients has HER2-positive 
tumors [65]. Unique efficacy or toxicity concerns 
related to anti-HER2-directed therapies have not 
been reported in MaBC [66], but rates of long-
term cardiotoxicity might be important due to a 
high baseline risk of cardiac diseases in older 
men [67]. At present, there are no specific recom-
mendations for screening for cardiac diseases in 
men with HER2-positive breast cancer treated 
with trastuzumab other than the same echocar-
diography every 3 months during the year of 
adjuvant treatment that is recommended for 
women. Additional evaluation should be guided 
by symptoms.

�Chemotherapy

The most commonly used chemotherapy agents 
in operable breast cancer therapy are anthracy-
clines, taxanes, and cyclophosphamide. Animal 
studies have suggested increased rates of cardio-
myopathy and nephropathy and higher mortality 
from anthracyclines in males compared to 
females [68, 69]. In studies of patients with lym-
phoma, male sex has been identified to be associ-
ated with adverse cardiac events, cardiac 
hospitalization, decrease in left ventricular ejec-
tion fraction, and cardiomyopathy after doxoru-
bicin therapy [70–72]. Sex-specific differences in 
the baseline risk of cardiovascular disease may 
account for some of these findings [67]. 
Cyclophosphamide is often used in combination 
with anthracyclines in adjuvant treatment of 
MaBC. A higher cumulative dose of cyclophos-
phamide (>6 g) in men is associated with gonadal 
toxicity and azoospermia [73–75]. In addition, 
cyclophosphamide is also associated with 
therapy-related acute myeloid leukemia, which 
typically occurs 5–7 years after treatment [76]. It 
is not known if this risk differs by sex. Similarly, 
studies have not demonstrated different rates of 
neuropathy with taxanes in males compared to 
females [77, 78]. At present, there are no specific 
recommendations in MaBC survivors for any 
additional screening for cardiac disease, 
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hematological malignancies, or neuropathy 
except as recommended in the general popula-
tion. However, further evaluation may be war-
ranted when directed by symptoms or laboratory 
parameters.

�Supporting Compliance 
with Treatment and Follow-Up

Because >80% of MaBC are ER positive, adju-
vant endocrine therapy is recommended for the 
vast majority of MaBC survivors. However, sub-
optimal compliance with endocrine therapy and 
early discontinuation due to multiple factors as 
discussed above remain significant concerns. 
Among MaBC patients taking tamoxifen, 
20–25% of patients discontinue treatment within 
the first few years of treatment [30, 32]. In a study 
of MaBC survivors in China, more than two-
thirds of patients had discontinued tamoxifen 
within 3 years of diagnosis [79]. Similarly, in 
another study of Medicare patients aged 65 years 
and older with MaBC in the United States, 61% 
discontinued tamoxifen before completing 5 
years of treatment [80]. Low adherence or early 
discontinuation of tamoxifen in MaBC is associ-
ated with greater risk of recurrence and death 
[79]. Several factors, including toxicities, lack of 
social support, and older age, have been associ-
ated with tamoxifen discontinuation [79]. 
Managing toxicities promptly and effectively, 
addressing psychosocial issues, and frequently 
reminding patients about the clinical significance 
of therapies might be particularly helpful in 
MaBC survivors.

�Germline Genetic Testing 
and Screening for Other Cancers

Among MaBC patients undergoing multigene 
panel testing, the frequency of germline muta-
tions is noted to be approximately 18% [81]. 
BRCA2 is the most common mutation noted in 
this population, detected in 11% of men, fol-
lowed by germline CHEK2 mutations in approxi-
mately 4% [81]. Due to the high frequency of 

germline mutations in BRCA1/2 and other genes, 
all MaBC patients are recommended to undergo 
germline genetic testing (Fig.  21.1) [24]. The 
results of germline genetic testing may have 
implications for surveillance of breast cancer 
recurrence in men (see next section) and screen-
ing for other cancers. In particular, current guide-
lines recommend prostate cancer screening 
starting at age 40 for germline BRCA2 mutation 
carriers, and screening should be considered in 
BRCA1 carriers [82]. In addition, BRCA1, 
BRCA2, ATM, or PALB2 mutation carriers may 
also be at a higher risk of pancreatic cancer [82–
84]. Although recommendations for pancreatic 
cancer screening in mutation carriers are not 
well-defined, screening may be considered, espe-
cially in those with a family history of pancreatic 
cancer, after a careful discussion of the benefits 
and limitations of screening modalities such as 
endoscopic ultrasonography, magnetic resonance 
imaging, and computed tomography [82, 85, 86].

In general, the literature describes higher risk 
of second cancers (prostate, colon, and pancre-
atic cancers in particular) in MaBC survivors 
[87–89]. Some of this risk may be attributed to 
the presence of a germline mutation. The magni-
tude of risk of second cancers in MaBC patients 
without germline mutations is unclear. At pres-
ent, there are no specific guidelines for screening 
for other cancers in MaBC survivors without a 
germline mutation beyond age-appropriate can-
cer screening.

�Surveillance Mammography 
for MaBC Recurrence

For the majority of MaBC patients—who typi-
cally undergo mastectomy—surveillance breast 
imaging would only have the potential to detect 
contralateral breast cancers. Even though the risk 
of contralateral breast cancer is increased by 
approximately 30-fold in MaBC survivors com-
pared to men in the general population and is 
highest in men diagnosed with breast cancer 
under the age of 50 [90], the absolute risk of a 
second breast cancer in MaBC survivors remains 
low, less than 2% over a 38-year follow-up 
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according to one study [91]. Hence, the role of 
surveillance mammography in MaBC survivors 
is not well-defined but may be of value in specific 
MaBC survivors at high risk of local recurrence 
or development of second primary [92]. The 
American Society of Clinical Oncology guide-
lines on MaBC management recommend ipsilat-
eral annual mammogram in MaBC patients 
treated with lumpectomy, whereas contralateral 
annual mammogram is only recommended for 
men with a history of breast cancer and a genetic 
predisposing mutation (Fig. 21.1) [28]. However, 
the guidelines acknowledge the lack of data on 
the usefulness or the necessity of surveillance 
mammography in MaBC survivors. There is no 
evidence to support the use of magnetic reso-
nance imaging (MRI) for surveillance after treat-
ment for MaBC.

�Other Considerations

In postmenopausal women with breast cancer 
adjuvant bisphosphonate therapy is associated 
with a small but significant improvement in over-
all survival [93]. Since the majority of postmeno-
pausal women with breast cancer are treated with 
aromatase inhibitors, which are associated with 
bone loss [94], there is an added advantage of 
reducing the risk of osteoporosis through the use 
of adjuvant bisphosphonate therapy in these of 
patients. In addition, due to the concern for bone 
loss, women treated with aromatase inhibitors 
typically undergo periodic DEXA scans to evalu-
ate for bone density [83]. However, the role of 
adjuvant bisphosphonates in MaBC is unclear, 
and bone loss in MaBC survivors treated with 
tamoxifen is usually not a major concern. 
However, bone loss may be an issue in MaBC 
patients treated with GnRHa in combination with 
aromatase inhibitors [95–97]. Guidelines for 
optimal management in this situation are 
lacking.

In cancer survivors, cardiovascular disease is 
the leading cause of mortality after cancer-related 
deaths [98]. Hence, appropriate management of 
cardiovascular risk factors in MaBC survivors 
should be considered with age-appropriate 

screening and primary or secondary prophylaxis 
as indicated. In addition, management of other 
comorbidities in MaBC survivors to improve 
overall health outcomes should be prioritized.

�Conclusions

The optimal approach to survivorship care in 
patients with MaBC is limited by the lack of clin-
ical studies in this field. Differences in tumor 
biology, treatment modalities, toxicities of treat-
ment, psychosocial issues, and risk of recurrence 
between men and women with breast cancer sug-
gest that survivorship guidelines designed for 
women with breast cancer may not be appropri-
ate for MaBC patients. A more nuanced approach 
to survivorship care in MaBC taking these differ-
ences into account is needed to ensure good qual-
ity of life and treatment compliance. Ultimately, 
such personalized approach will hopefully result 
in improved clinical outcomes for MaBC 
survivors.
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