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Preface

Th e breast oncology fi eld is rapidly changing and smaller texts, which can be 
updated more oft en, are of clinical value to practitioners, especially those who do 
not have access to a multidisciplinary clinic. In this book, we have endeavored to 
provide enough current and clinically useful information for all subspecialists who 
routinely care for breast cancer and breast disease, and have included dedicated 
breast and plastic surgery, radiation, and medical approaches, recognizing the fact 
that the management should be multidisciplinary. We believe that this book struc-
ture will provide our readers with a balanced view of oncologic and non-oncologic 
approaches routinely utilized in the fi eld in the management of patients. Th is hand-
book has been written especially for younger practitioners involved in the care of 
patients; in addition, we hope that experienced clinicians in all related fi elds will 
also fi nd it a handy, ‘on-the-go’ resource and can use it in their busy clinics while 
they manage patients. 

We do realize that given the smaller format of our handbook, we will not be 
able to completely satisfy all readers and some may still want to pursue the online 
search engines and larger textbooks when needed. We also recognize that not all 
management viewpoints may have been included; and some may disagree with us 
on certain, more controversial clinical issues; however, we have striven to point out 
these controversies and provide enough useful and up-to-date information that is 
relevant and clinically applicable, followed by the rationale behind the University 
of Maryland approach. We sincerely hope you will enjoy reading and using the 
Handbook of Breast Cancer and Related Breast Disease in your clinics, especially 
when you need a quick look or reminder on the clinical management approaches 
to the treatment of breast diseases. Finally, we would like to thank all the contribut-
ing authors for their time and eff ort, as well as Helen Spiker for her administrative 
help during production of this book.

Katherine H. R. Tkaczuk, MD, FACP
Susan B. Kesmodel, MD

Steven J. Feigenberg, MD
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Breast Imaging: Breast Cancer Screening, 
Diagnosis, Staging, and Surveillance

Cristina Campassi, Lyn Ho, Jessica Galandak, Sergio Dromi, Divya Awal, Daniel Maver, 
Jasleen Chopra, and Sonya Y. Khan

INTRODUCTION

Imaging is essential in detecting, diagnosing, staging, and providing surveillance of 
diseases of the breast. Breast imaging plays a fundamental role, as clinical examina-
tion of the breast and surrounding regional lymph nodes is extremely challenging 
and nonpalpable abnormalities in the breast are common.

Indications for Breast Imaging
Asymptomatic women undergo screening while women with clinical breast signs 
and symptoms undergo a diagnostic evaluation.

SCREENING EXAM

Mammography is the main screening modality. Breast MRI is a supplemen-
tal modality in women at increased risk for breast cancer. Periodic screening 
is recommended. Th e National Comprehensive Cancer Network (NCCN) rec-
ommends receiving an annual mammogram starting at age 40 for average-risk 
women and earlier screening mammography supplemented with breast MRI for 
high-risk women (1,2). Screening exams are performed by a technologist and 
interpreted by a radiologist at a later time. Th e Food and Drug Administration 
requires mammography providers to inform women of their screening mammo-
gram results within 30 days of the exam date. At our institution we batch-read 
screenings that are usually interpreted within a few days unless prior mammo-
grams performed at another facility are unavailable for comparison. In such 
cases, 2 weeks are allowed to receive the patients’ prior mammograms before 
reading the current screening exam.

DIAGNOSTIC EXAM

Imaging evaluation is tailored to a specifi c clinical or imaging fi nding. Th e radiol-
ogist prescribes dedicated mammographic views and/or an ultrasound as needed 
and monitors the exam while it is in progress. Th e patient is informed of the results 
the same day.

Multimodality Breast Imaging
Breast imaging encompasses multiple modalities. Guidelines for the use of diff er-
ent modalities are outlined in the American College of Radiology (ACR) Appropri-
ateness Criteria and Practice Guidelines (3–6).

1
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MAMMOGRAPHY AND ULTRASOUND

Mammography and ultrasound are established conventional imaging modalities. 
In the screening setting, mammography is the only test proven to reduce mortality 
in randomized trials (7) and ultrasound has been shown to increase cancer detec-
tion in a subset of women with increased risk for breast cancer and dense breast 
tissue on mammography (8). In the setting of clinical symptoms, mammography 
and ultrasound are the fi rst-line exam in women over and under the age of 30, 
respectively.

MRI

MRI is the best modality to detect silicone breast implant rupture. It is also the 
most sensitive imaging tool for detecting breast cancer and may identify cancer 
occult to clinical examination or conventional modalities such as mammography 
and ultrasound. MRI is used to supplement screening mammography in women 
with increased risk for breast cancer (2,9). In the setting of known breast cancer, 
MRI is used to assess the extent of disease in selected cases and response to sys-
temic therapy in the neoadjuvant setting. In selected cases, it may be used for prob-
lem solving.

CONTRAST ENHANCED MAMMOGRAPHY (CEM)

Contrast enhanced mammography (CEM) is utilized in selected diagnostic cases, 
mostly as an alternative to breast MRI.

NUCLEAR MEDICINE MODALITIES

Nuclear medicine modalities such as positron emission mammography (PEM) and 
molecular breast imaging (MBI), also known as breast-specifi c gamma imaging 
(BSGI), are used for rare selected high-risk women in the diagnostic setting.

Breast Imaging Reporting and Data System (BI-RADS)
A standardized set of guidelines was developed by international experts in breast 
imaging with support from the ACR. Th e fi rst edition, published in 1993, set guide-
lines for mammography. Th e most recent edition, published in 2013, provides 
guidelines for mammography, breast ultrasound, and breast MRI (10). Th e goal 
is to provide a common language for mammography and health care providers 
to facilitate communication and patient care. Standardization of fi nding descrip-
tion, assessment, recommendation, and reporting allows for easy communications, 
medical audit, and patient tracking.

BI-RADS PRINCIPLES

Th e guiding principle of BI-RADS is concordance. Finding descriptor, assess-
ment, and recommendation need to be congruent (eg, a fi nding with a suspicious 
description cannot be classifi ed as benign). Correlation of fi ndings identifi ed using 
diff erent imaging modalities or at clinical breast examination (eg, a mass seen 
on mammogram correlated with ultrasound and clinical exam) is also required. 
Finally, desired benchmarks (eg, recall rate, sensitivity, specifi city) are established 
and are reinforced through medical audit.
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BI-RADS ASSESSMENT CATEGORIES AND RECOMMENDATION

At interpretation, fi ndings are identifi ed, analyzed, described, and then classifi ed 
according to assessment categories. Th e assessment may be fi nal or incomplete. 
A fi nal assessment may apply to a screening or diagnostic exam. An incomplete 
assessment usually applies to a screening (eg, need comparison to prior mam-
mograms or additional mammographic views). By convention, the assessment 
 category is composed of a numeric code and a statement. Assessment category 
0 is used for incomplete exams. Th e remaining six assessment categories, num-
bered from 1 to 6, are used for fi nal assessment and span from negative exam 
to known malignancy (Table 1.1). Th e degree of abnormality and likelihood of 
malignancy are lowest with low BI-RADS assessment numeric code and high-
est for BI-RADS 5. Th e likelihood of malignancy for BI-RADS 3 is <2%, for 
BI-RADS 4 the likelihood ranges between >2% and 95%, and for BI-RADS 5 it 
is >95%. Notably, assessment category 4, used for suspicious fi ndings, may be 
subdivided into three groups (ie, 4A, 4B, and 4C) based on level of suspicion 
(likelihood of malignancy is >2% to <10% for 4A, 10% to <50% for 4B, and 
>50% to 95% for 4C). Th e recommendation should be in keeping with the fi nd-
ing assessment category and clinical history. Th ese guidelines ensure standard-
ization across radiologists.

BREAST CANCER SCREENING

Breast cancer is the most common cancer in women of all races and ethnicities and 
a leading cause of premature mortality among U.S. women. Early detection is asso-
ciated with reduced mortality. Mammogram is the primary test recommended to 
identify early breast cancer. Supplemental screening with other modalities, such as 
breast MRI and ultrasound, in selected subgroups of women has shown increased 
detection of breast cancer.

Table 1.1 BI-RADS Assessment Categories: Numeric Coding, Defi nition, 
and Pertinent Recommendation

Assessment category Recommendation

0. Incomplete Need additional imaging evaluation 
(recall) and/or prior mammograms 
for comparison

1. Negative Routine mammogram

2. Benign Routine mammogram

3. Probably benign Initial short-term (6 months) 
 follow-up

4. Suspicious Tissue diagnosis

5. Highly suggestive of malignancy Tissue diagnosis

6. Known biopsy-proven malignancy Appropriate action

BI-RADS, breast imaging reporting and data system.



www.manaraa.com

4 HANDBOOK OF BREAST CANCER AND RELATED BREAST DISEASE

Mammography and Digital Breast Tomosynthesis
A meta-analysis of seven randomized controlled trials of screening mammogra-
phy in women 39 to 74 years of age has demonstrated a 20% overall reduction in 
 mortality from breast cancer with a 22% mortality reduction in women aged 50 to 
74 and 15% reduction in women aged 39 to 49 (11). Despite the  well-documented 
benefi t of screening mammography, debate and uncertainty exist on the opti-
mal screening strategy because exposure to screening generates false positives 
(ie, benign fi ndings that require workup and biopsy to exclude cancer), identifi es 
subclinical cancers that may not become clinically signifi cant if undetected, and 
results in radiation exposure. As a result, recent screening strategies have  deviated 
from the previously unanimous recommendation for annual screening mammogra-
phy starting at age 40. Th e U.S. Preventive Services Task Force in 2009 and 2016 (12) 
and the American Cancer Society in late 2015 (13) have suggested more restrictive 
guidelines (Table 1.2). While recognizing the mortality reduction from screening 
mammography across all ages, both organizations encourage women to decide with 
their physician when to start and end, and how oft en to undergo screening mam-
mography (12,13).

TECHNOLOGY

Mammography utilizes ionizing radiation, which is captured on a detector aft er 
passing through the breast. A major advancement in mammography technology 
over the past decade has been the development of digital technology, called full 
fi eld digital mammography (FFDM) or 2D mammography. Compared to fi lm 
screen, digital mammography uses a lower radiation dose, has a digital rather than 
fi lm detector, and allows for separation of image acquisition, display, and archiving. 
Th e most recent improvement in mammography is digital breast tomosynthesis 
(DBT). While 2D mammography administers ionizing radiation through a sta-
tionary source perpendicular to the breast, DBT uses a moving x-ray source to 
image the breast at diff erent angles. Th us, DBT obtains multiple digital images that 
can be reconstructed to obtain a quasi-tridimensional (3D) representation of the 
breast as opposed to FFDM, which obtains a bidimensional (2D) image. As a result, 

Table 1.2 Summary of Screening Strategies and Relative Mortality 
Reduction According to the Guidelines of the American College of 
Radiology (ACR), National Comprehensive Cancer Network (NCCN), 
American Cancer Society (ACS), and U.S. Preventive Services Task 
Force (USPSTF)

Organization

Screening strategy Mortality 
reductionWhen to start When to stop How often/when

ACR and 
NCCN

40 Life expectancy 
<10 years

Annual 40%

ACS 45 Life expectancy 
<10 years

Annual 45–54, 
biennial >55

31%

USPSTF 50 74 Biennial 22%
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while breast tissue is superimposed on a view obtained with FFDM, it is viewed 
separately with DBT. Th is improves lesion detection and characterization while 
decreasing superimposition of breast tissue and the rate of false positives.

TECHNIQUE

Th e same standard technique is used regardless of the technology utilized, fi lm-
screen mammography, FFDM, or DBT. A mammogram is performed with the 
patient standing or, if needed, sitting in a chair. Th e mammographic views are 
acquired with the breast under compression. A screening mammogram includes 
projections of each breast in two routine views: craniocaudal and  mediolateral 
oblique (Figure 1.1). Th erefore, typically a bilateral screening mammogram 
includes four views.

INTERPRETATION

Th e radiologist analyzes the mammographic views and classifi es a screening mammo-
gram as negative, benign, or incomplete, using the BI-RADS assessment categories 1, 
2, and 0, respectively. Approximately 10% of screening mammograms are incomplete 
and require additional imaging with dedicated mammographic views and/or ultra-
sound in accordance with the ACR Practice Guidelines (4,5). Mammographic inter-
pretation and detection of breast fi ndings depend on breast composition ( Figure 1.2). 
As the relative amount of fat decreases and glandular tissue increases, the breast 
becomes dense on a mammogram and cancer detection becomes more challenging 
(Figure 1.3). Additionally, dense breast tissue is considered an independent risk fac-
tor for breast cancer. Legislations to increase women’s awareness of breast density and 
its eff ect on screening mammography in the setting of dense breast tissue has been 
passed in the majority of U.S. states since 2009. Th is state legislation requires mam-
mography providers to share information about breast density and/or inform women 

Figure 1.1 Digital mammogram with 2D technique. Screening mammogram 
includes two views of each breast: craniocaudal (CC) (A, B) and mediolateral 
oblique (MLO) (C, D). For viewing and interpretation, the mammographic views are 
displayed side by side to facilitate comparison of breast tissue and identifi cation 
of fi ndings that may represent breast cancer.

(A) (B) (C) (D)
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of their own breast density. Federal legislation may follow as the Breast Density and 
Mammography Reporting Act introduced to the U.S. Congress in October 2013 and 
to the U.S. Senate in February 2015 is under consideration.

FULL FIELD DIGITAL MAMMOGRAPHY (FFDM) AND DIGITAL BREAST TOMOSYNTHESIS (DBT)

Compared to fi lm screen, FFDM has shown improved cancer detection of 15% in 
women under the age of 50 years, women with radiographically dense breast tissue, 
and premenopausal or perimenopausal women (14). DBT has further increased 
breast cancer detection by 27% to 40% and decreased false-positive rates by 15% to 
40% compared to FFDM (15).

Figure 1.3 Breast composition infl uences breast cancer detection. A breast cancer 
(circle) is easier to detect in a fatty breast (A) compared to a dense breast (B).

(A) (B)

Figure 1.2 Breast composition varies depending on the amount of fatty and 
glandular tissue. Classifi cation of breast composition ranges from almost entirely 
fatty (A) to extremely dense (D). The majority of women have either scattered 
fi broglandular elements (B) or heterogeneously dense breast tissue (C) while less than 
20% of the female population has either fatty (A) or extremely dense breast tissue (D).

(A) (B) (C) (D)
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Breast MRI
Several trials performed throughout the United States, Canada, and Europe in the 
mid- to late 1990s assessed the benefi t of adding screening MRI to annual mam-
mography in women who were at increased risk of breast cancer. Th e consistent 
fi nding was a much higher sensitivity for MRI when compared to mammography 
with sensitivities between 71% and 100% with MRI and 16% and 40% with mam-
mography. Th e specifi city of mammography remained higher than MRI, ranging 
from 93% to 99% compared to 81% to 99% for MRI. While the combination of 
higher sensitivity and lower specifi city with MRI results in higher callback and 
biopsy rates than mammography, it also results in a higher cancer detection rate 
(1.04% vs. 0.46% in the Netherlands trial and 1.44% vs. 0.69% in the UK trial).

TECHNOLOGY

MRI utilizes magnetic fi elds to create multiplanar cross-sectional images through 
the body. MRI does not utilize radiation and has extremely good soft  tissue con-
trast resolution, making it an excellent imaging modality for evaluating the breast. 
An intravenous gadolinium-based contrast agent is needed to reliably detect can-
cers, cancer extension, and other lesions.

TECHNIQUE

Patients are positioned prone. Both breasts are accommodated within an open pad-
ded platform (coil) that allows imaging without compression. Th e patient is placed 
into the bore of the MRI machine. Claustrophobic patients may need open mag-
nets or premedication with anxiolytic. Multiple sequences are performed including 
precontrast and postcontrast. Th e overall scan time is usually 15 to 25 minutes. 
Although the scan requires that the patient be able to hold still during the entire 
examination, sedation is not required. Contraindications to MRI include a prior 
allergic reaction to contrast or severe renal insuffi  ciency. Th e use of gadolinium 
is not recommended if the glomerular fi ltration rate (GFR) is below 30 mL/min 
due to the risk of nephrogenic systemic fi brosis (16). Th e use of gadolinium-based 
agents for elective exams such as breast MRI is contraindicated during pregnancy 
and is not needed if the examination is performed to evaluate for silicone breast 
implant rupture only.

RECOMMENDATIONS

Th e American Cancer Society guidelines for screening breast MRI as an adjunct 
to mammography (9), the NCCN (2), and the practice guidelines of the ACR (6) 
are used as a reference across specialties in the medical community. In our prac-
tice, screening breast MRI is used for all groups of high-risk women listed in the 
American Cancer Society guidelines (see Table 1.3). In particular, our experience 
on breast cancer survivors has shown that when breast MRI is used in adjunct to 
mammography, cancer detection rate increases compared to mammography alone; 
see Figure 1.4.

Breast Ultrasound
Historically ultrasound has been used as a diagnostic problem-solving tool in 
patients who present with either a physical fi nding (nipple discharge, palpable 



www.manaraa.com

8 HANDBOOK OF BREAST CANCER AND RELATED BREAST DISEASE

lump), a mammographic fi nding (asymmetry, mass), or, less commonly, an MRI 
fi nding (second look ultrasound for enhancing mass) (see “Imaging Assessment 
Aft er Breast Cancer Diagnosis”). It is also the main modality for image-guided 
procedures (see “Image-Guided Breast Biopsies”). In addition, breast ultrasound 
has been investigated as a modality for breast cancer screening (see this section).

Figure 1.4 MRI detected, mammographically occult, local recurrence in a high-risk 
woman with personal history of breast cancer treated 5 years earlier with partial 
mastectomy and radiation therapy. (A) Postcontrast MR image shows a 5-mm 
circumscribed homogeneously enhancing round mass (arrow) along the anterior 
aspect of the operative bed (circle). Asymmetric size, contour, and skin thickening 
of the left breast are due to prior treatment for breast cancer. (B) Subtracted 
postcontrast MR image better shows the focal nature of the enhancing mass 
(arrow). MR-guided breast biopsy shows ductal carcinoma in situ (DCIS).

(A) (B)

Table 1.3 American Cancer Society Guidelines for Supplemental 
Screening Breast MRI

Evidence-based recommendation for annual screening MRI
BRCA mutation carrier
First degree relative of BRCA carrier, but untested
Lifetime risk for breast cancer >20% when evaluated with a model 

 dependent on family history

Consensus expert opinion recommendation for annual screening MRI
Radiation to the chest between age 10–30 years
Patients with Li–Fraumeni, Cowden, or Bannayan–Riley–Ruvalcaba 

 syndromes and their fi rst degree relatives

Insuffi cient evidence for or against annual screening MRI
Lifetime risk for breast cancer of 15%–20% when evaluated with a model 

dependent on family history
Lobular carcinoma in situ or atypical lobular hyperplasia
Atypical ductal hyperplasia
Heterogeneously or extremely dense breast on mammography
Women with a personal history of breast cancer, including ductal carcinoma 

in situ

Consensus expert opinion recommendation against annual MRI screening
Lifetime risk for breast cancer <15%
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TECHNOLOGY

Ultrasound is an imaging modality that uses sound waves to create cross-sectional 
images through the body. Ultrasound does not use radiation, is portable and inex-
pensive, and produces excellent imaging of the breast.

a. Grayscale ultrasound shows the tissue in diff erent shades of gray and is best 
for anatomic evaluation and characterization of lesion morphology ( Figure 1.5).

b. Color Doppler ultrasound is best for evaluating the presence of blood fl ow and 
distinguishing venous and arterial fl ow.

c. Power Doppler ultrasound is best for detecting a subtle amount of blood fl ow 
without the capability of diff erentiating between arterial and venous fl ow.

d. Ultrasound elastography allows quantitative and qualitative evaluation of 
tissue deformation in response to an applied force. Th is is a simple and rapid 
method that can improve the sensitivity and specifi city of grayscale images.

TECHNIQUE

Patients are positioned supine with the ipsilateral arm raised above their head. Th e 
ultrasound probe is placed on the breast with interposed conductive gel. Conven-
tionally, the exam is performed with a handheld transducer operated by an ultra-
sound technologist or a physician. Whole breast ultrasound may also be performed 
with automated equipment positioned by a technologist. During handheld ultra-
sound, representative static images are saved for interpretation. During automated 
breast ultrasound the entire breast is imaged, allowing for improved consistency 
and reproducibility of images as well as decreased operator dependence.

SCREENING BREAST ULTRASOUND

Th e ACRIN 6666 trial (NCT00072501) was performed to compare screening 
mammography alone to combined screening mammography and physician-per-
formed handheld screening breast ultrasound. Th e study was targeted at women 

Figure 1.5 Ultrasound of three breast masses. (A) Anechoic mass (asterisk) with 
imperceptible wall and posterior through transmission pathognomonic for simple 
cyst. (B) Benign appearing solid mass (calipers) with circumscribed margins, 
homogenous hypoechoic echotexture, orientation parallel to the chest wall, and 
no posterior shadowing. Pathology: fi broadenoma. (C) Highly suspicious solid 
mass (arrowheads) with irregular margins and shape, hypoechoic echotexture, 
orientation not parallel to the chest wall, and with marked posterior shadowing. 
Pathology: invasive ductal carcinoma.

(A) (B) (C)

https://clinicaltrials.gov/ct2/show/NCT00072501
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with dense breasts and increased risk of breast cancer. Th e addition of screen-
ing breast ultrasound to screening mammography resulted in an increased 
 cancer detection rate (4.2 additional cancers/1,000 patients screened). However, 
the combination of screening breast ultrasound and mammography resulted in 
a 250% increase in biopsy rate and a low positive predictive value for biopsied 
 fi ndings (17).

SCREENING BREAST ULTRASOUND CONCEPTS FOR GUIDELINES

Although guidelines for screening breast ultrasound are currently not standard-
ized, there is agreement that screening breast ultrasound may be performed as 
an adjunct to and in conjunction with screening mammography when indi-
cated. Given the superior sensitivity of screening breast MRI, this is the pre-
ferred supplemental screening modality in women at high risk for breast cancer. 
Th ere may be some role for the use of screening breast ultrasound in women 
with >20% lifetime risk for developing breast cancer who have a contraindi-
cation to breast MRI, or women with 15% to 20% lifetime risk for developing 
breast cancer (18).

DIAGNOSIS OF BREAST DISEASES BY IMAGING

In contrast to screening mammography, diagnostic breast imaging is a tailored 
exam for evaluation of a specifi c clinical fi nding or an abnormality detected at 
screening. Appropriate diagnostic imaging tests for common indications are out-
lined in the following text.

Palpable Breast Lump
Mammography and ultrasound are primarily utilized. Breast MRI is typically 
not indicated as a fi rst-line diagnostic exam due to cost, necessity of intravenous 
contrast, and likely higher rate of incidental false-positive fi ndings unrelated to 
the palpable abnormality (19), although it may occasionally be used for problem 
solving.

FEMALE PATIENTS 30 YEARS OF AGE OR OLDER

Diagnostic mammogram (including spot compression views) with a skin marker 
placed at the site of palpable concern is the fi rst-line modality. Following mam-
mography, targeted ultrasound of the palpable area of concern is typically per-
formed for further evaluation (19).

FEMALE PATIENTS YOUNGER THAN 30 YEARS OLD

Evaluation should begin with an ultrasound, targeting the region of palpable con-
cern. Mammography is generally not performed due to density of breast tissue in 
young patients limiting sensitivity and in order to avoid unnecessary exposure to 
radiation (20). If no sonographic fi nding is detected at the site of palpable con-
cern, mammography may or may not be recommended, depending on the level of 
clinical suspicion (20). Mammography may also be utilized to further characterize 
an indeterminate sonographic fi nding (eg, fat necrosis, which is typically better 
evaluated mammographically).
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MALE ADULT PATIENT

Evaluation should begin with diagnostic mammogram. If the mammographic 
fi ndings are indeterminate or suspicious, ultrasound should follow (21).

MALE CHILDREN/ADOLESCENTS

Palpable breast masses are rare in the pediatric male population (22). Male chil-
dren and adolescents with physical exam and clinical history consistent with 
gynecomastia require no imaging evaluation (23). If there is suspicion for etiology 
other than gynecomastia (ie, male breast cancer) ultrasound is the primary imag-
ing modality (22). Breast cancer comprises less than 1% of pediatric cancers, and is 
exceedingly rare in pediatric males. Malignant lesions are almost always metastatic 
or primary tumors of nonbreast tissue origin (22).

PREGNANT AND LACTATING PATIENTS

Ultrasound is the initial imaging modality of choice recommended for a palpable 
breast mass in a pregnant or lactating patient. However, mammography is not con-
traindicated in pregnancy and should be performed if malignancy is suspected. 
With proper abdominal shielding, mammography poses little risk of radiation 
exposure to the fetus, estimated at less than 0.01 Gy (24).

In the absence of any mammographic or sonographic fi ndings corresponding 
to a palpable mass, clinical follow-up is indicated. A highly suspicious physical 
exam should prompt biopsy by palpation in the absence of the imaging fi ndings.

Breast Pain
Pain can be cyclical or noncyclical, depending on its temporal relation to the 
menstrual cycle, unilateral or bilateral, and the distribution can be diff use or focal 
(involving less than 25% of the breast tissue) (25).

CYCLICAL, BILATERAL, OR NONFOCAL BREAST PAIN

Imaging is not indicated due to the low yield of fi nding a specifi c cause; results vary 
in regard to whether imaging provides reassurance in this group of patients (25).

NONCYCLICAL, UNILATERAL, FOCAL BREAST PAIN

Evaluation may begin with ultrasound or mammography depending on whether 
the patient’s age is under or above 40. Imaging may identify a treatable cause of the 
pain, provide reassurance, and usually exclude malignancy (26).

Nipple Discharge
Clinically concerning features of nipple discharge in a nonlactating patient include: 
bloody, clear, or serosanguinous discharge; unilateral symptoms; and spontaneous 
(as opposed to expressed) discharge.

PATIENT LESS THAN 30 YEARS OF AGE

Evaluation should begin with ultrasound, followed by mammogram if fi ndings are 
equivocal or suspicious.
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PATIENT OLDER THAN 30 YEARS OF AGE

Evaluation should include mammogram and ultrasound.
If no etiology is identifi ed with initial imaging studies and discharge is clinically 

concerning, breast MRI should be considered. At the surgeon’s request, a ducto-
gram may be performed. A ductogram is a radiologic exam performed by cannu-
lating and injecting contrast through the discharging duct. Th is test may identify 
and localize intraductal disease.

Implant Abnormalities
Most silicone breast implant ruptures are clinically silent or asymptomatic, making 
diagnosis diffi  cult. Physical exam alone is unreliable with an approximate sensi-
tivity of 30% for rupture detection. MRI is the test of choice to evaluate implant 
integrity or rupture. Sensitivity of mammography for implant rupture is 68%, of 
ultrasound is 77%, and of MRI is 93% (27). Ultrasound may be considered if MRI 
is unavailable as it is more specifi c than mammography and does not expose the 
patient to radiation.

IMAGE-GUIDED BREAST BIOPSIES

Th e mainstay of establishing pathological diagnosis of suspicious lesions is image-
guided percutaneous biopsy. Th is has been shown to have excellent accuracy and 
is now the standard of care (28). Surgical biopsy is reserved for those lesions that 
are not amenable to image-guided biopsy. Th e advantages of minimally invasive 
image-guided breast biopsy over surgical biopsy are numerous and include shorter 
recovery time, lower cost, higher safety, and minimal scarring (28,29). Image-
guided biopsies are utilized for nonpalpable, image-detected fi ndings and palpable 
fi ndings to direct the needle to the most suspicious portion of a lesion.

Type of Image-Guided Biopsy
Th e choice of modality used for biopsy depends on optimal lesion visualization, 
effi  ciency, and safety.

ULTRASOUND-GUIDED BIOPSY

Ultrasound-guided biopsy is the most commonly used image-guided biopsy that 
is performed with the patient lying comfortably supine. Advantages of ultrasound 
guidance include lack of ionizing radiation, accessibility to all areas of the breast, 
real-time visualization of the needle and lesion, readily available equipment, and 
greater patient comfort since it does not require breast compression. For these rea-
sons, it is the preferred method for lesions that are visualized by ultrasound. Either 
spring-loaded or vacuum-assisted biopsy devices can be utilized.

STEREOTACTIC BIOPSY

Stereotactic biopsy is typically utilized for lesions that are only seen mammograph-
ically. Th e patient is positioned either prone, upright in a chair, or in lateral decu-
bitus and the breast is placed in compression. Th e lesion is centered in an aperture 
within the compression plate and images are obtained from multiple angles to 
determine the depth of the lesion. Aft er the biopsy needle is advanced to the cal-
culated location and needle position is verifi ed, tissue samples are taken using a 
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 vacuum-assisted biopsy device (29). A specimen radiograph is performed to eval-
uate for the presence of the lesion (typically calcifi cations) within the sample and a 
clip is placed to mark the biopsy site for future reference.

MRI-GUIDED BIOPSY

MRI-guided biopsy is utilized for lesions seen with MRI only. Th e patient is placed 
inside the scanner for imaging and outside of the scanner for the biopsy. Th e 
breast is immobilized and biopsied using a compression grid system designed to 
fi t the breast coil. Aft er contrast administration and imaging, the grid provides 
landmarks for calculation of lesion position (29). A needle sheath is placed at the 
lesion site and an obturator is used for confi rmation of position with additional 
MR images. When appropriate position is confi rmed, an MR-compatible vacuum- 
assisted biopsy device is placed through the sheath and used to sample the lesion.

Type of Needle Biopsy
Th e type of needle utilized for a breast biopsy depends on the lesion characteristics, 
level of suspicion, and modality used for biopsy. Large (12G, 14G) core needles and 
(8G, 9G, 10G) vacuum-assisted biopsy devices are the preferred sampling method 
yielding the highest diagnostic accuracy. Fine (23G or 25G) needle aspiration of 
the breast is limited to selected cases (eg, benign solid masses in teenagers) due to 
the high rate of inadequate sampling.

For all image-guided breast biopsies, metallic markers are placed at the biopsy 
sites following sampling to facilitate follow-up or excision. Th e radiologist should 
review pathology results in conjunction with imaging features of each lesion to 
determine concordance of results and ensure appropriate patient management rec-
ommendations (28).

IMAGE-GUIDED NEEDLE LOCALIZATIONS

Image-guided needle localization and subsequent surgical excision is indicated if 
percutaneous biopsy cannot be performed or is inconclusive, for high-risk lesions, 
if there is discordance between imaging and pathology results from percutane-
ous biopsy, or for treatment purposes aft er percutaneous biopsy yields a malignant 
diagnosis. Localizations are typically performed using a needle–wire system. Th ere 
are several available needle–wire systems, all of which allow placement of a wire 
through an introducing needle that has been positioned in the breast at the lesion. 
Mammographic, ultrasound, or MRI guidance can be utilized (Figure 1.6). Brack-
eted localization using multiple wires can be performed for multiple lesions or for 
extensive microcalcifi cations, in coordination with the surgeon (29).

RADIOLOGIC–PATHOLOGIC CORRELATION

Image-guided percutaneous breast biopsies have become an integral part of the 
diagnosis of breast diseases. Prior to performing an image-guided biopsy, the 
radiologist should predetermine the likelihood of malignancy based on imaging 
characteristics. Following biopsy, the radiologist needs to correlate radiologic and 
pathologic fi ndings to validate their concordance and to recognize discordant or 
false-negative or false-positive biopsy results. Assessment of concordance can be 
performed via case review at a multidisciplinary conference or independent review 
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of imaging and pathology fi ndings concurrently. With knowledge of the pathology 
results, images from the procedure should be scrutinized to determine if the lesion 
was appropriately targeted and sampled. Specimen radiographs from the biopsy 
and postbiopsy mammogram aft er clip placement should also be re-evaluated. 
Particular attention to radiologic–pathologic correlation is required for those few 
selected cases of fi ne needle aspiration, as the diagnostic accuracy of fi ne needle 
aspiration is lower than core needle or a vacuum-assisted biopsy, in particular if a 
cytologist is not on site to assess the specimen for adequacy. In cases of discordant 
or high-risk lesions, the breast surgeon, radiologist, and pathologist must review 
the case and reach a consensus of the best management plan to avoid delay in diag-
nosis. Th e possible clinical scenarios are outlined in the following list:

1. Concordant benign lesions. Imaging favors a benign etiology, and pathology 
results are benign. Th e patient should return for follow-up imaging in 6 months 
or 1 year and continue clinical follow-up if the lesion was palpable. Overall, 
the false-negative rate from image-guided core needle biopsy is reported to be 
approximately 2% (30).

2. Concordant malignant lesions. Imaging favors suspicious etiology, and 
pathology results are malignant. Th e patient should be promptly referred to a 
multidisciplinary team for discussion of treatment.

3. Discordant benign lesions. Imaging favors suspicious etiology, but pathology 
results are benign. Image-guided needle biopsies can yield false-negative results 
secondary to sampling error, mostly at fi ne needle aspiration. It is prudent to 
repeat the image-guided needle biopsy with a larger needle or refer the patient 
to a surgeon for excisional biopsy to ensure adequate tissue sampling.

Figure 1.6 Ultrasound-guided needle localization biopsy-proven breast cancer. 
(A) Needle–wire device utilized for preoperative localization. The needle is used 
to introduce the thin wire within the lesion to be excised. This type of wire has 
a hook shape. (B) Ultrasound guidance utilized for needle–wire localization 
placement shows the wire (arrows) as a bright line through the solid mass (circle). 
(C) Post-procedure mammogram confi rms successful localization of the mass and 
metallic clip placed at the time of biopsy (circle). (D) Magnifi cation radiograph of 
the surgical specimen shows the wire, the spiculated mass, and the clip (circle) 
within the excised tissue.

(A) (B) (C) (D)
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4. Discordant malignant lesions. Imaging favors benign etiology, but pathology 
results are malignant. False-positive results may occur, mostly at fi ne needle 
aspiration, and require sampling with a larger biopsy device, either a core needle 
or vacuum-assisted biopsy device. In view of malignant pathology, the patient 
should be ultimately referred for surgical consultation.

5. High-risk lesions. Histopathology yields a high-risk lesion with associated 
increased risk for developing breast cancer (see Chapter 2). Patients should be 
referred for surgical consultation.

IMAGING ASSESSMENT AFTER BREAST CANCER DIAGNOSIS

Aft er a patient is diagnosed with breast cancer, a staging evaluation is pursued to 
determine the extent of disease, guide management decisions, and estimate  prognosis.

DIAGNOSTIC MAMMOGRAPHY

Diagnostic mammography and targeted diagnostic ultrasound are the fi rst-line 
imaging evaluation during initial workup and staging. Th e ipsilateral breast should 
be evaluated for multifocal or multicentric disease. Th e contralateral breast should 
also be evaluated for synchronous cancer. Additional suspicious lesions detected 
on MRI that may change the treatment plan should undergo image-guided biopsy 
(stereotactic or ultrasound-guided) prior to surgery. For lesions not amenable to 
percutaneous needle biopsy, needle localization and excisional biopsy should be 
performed to aid in staging.

AXILLARY ULTRASOUND AND AXILLARY NODE SAMPLING

Axillary ultrasound and axillary node sampling may be performed to assess 
ipsilateral and contralateral lymph nodes as indicated and agreed upon with the 
oncologists (31).

BREAST MRI

Breast MRI can defi ne the anatomic extent of the cancer more accurately than 
mammography and ultrasound (32). MRI identifi es additional ipsilateral disease 
in up to 30% of patients (33) and contralateral synchronous malignancy in approx-
imately 5% of patients with known breast cancer (34), which may impact surgical 
management (Figure 1.7). In addition, breast MRI is recommended for invasive 
lobular carcinoma and infl ammatory breast cancer to assess tumor involvement 
of the nipple or chest wall (35,36). Other indications for breast MRI following a 
cancer diagnosis include determining response to neoadjuvant chemotherapy and 
evaluating patients with metastatic axillary adenopathy of unknown primary.

PET–CT

PET–CT is indicated in the initial staging of a selected group of breast cancer 
patients. Currently, PET/CT is used to evaluate nodal involvement and distant dis-
ease in patients with stage 2B or higher in which PET/CT may identify clinically 
occult internal mammary, supraclavicular, and infraclavicular lymph nodes (37). 
NCCN guidelines recommend PET/CT in patients with clinical stage IIIA (T3, 
N1, M0) or higher breast cancer (category 2B recommendation). At our institution 
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we recommend PET/CT for patients with lesser disease burden if they have an 
aggressive phenotype such as triple negative or Her2+ disease. PET/CT may also be 
useful when CT or MRI is equivocal, when evaluating response to systemic chemo-
therapy in the setting of distant metastases, and when evaluating clinically asymp-
tomatic treated breast cancer survivors with rising levels of tumor markers (38).

CT

CT is recommended by the NCCN in patients with symptoms or laboratory values 
suspicious for pulmonary or abdominal metastases.

IMAGING SURVEILLANCE OF BREAST CANCER SURVIVORS

Currently, there are over 3 million breast cancer survivors in the United States 
(2,39,40). Th ese patients are monitored both on clinical and imaging bases. 
A meta-analysis of 13 studies with 2,263 breast cancer survivors demonstrated bet-
ter survival in asymptomatic patients with imaging-detected local–regional and 
contralateral recurrence compared to symptomatic patients with clinically detected 

Figure 1.7 MRI-detected multicentric disease in a 52-year-old postmenopausal 
patient with newly diagnosed right breast cancer manifested as a palpable 
lump. (A) Diagnostic mammogram demonstrates an irregular mass (circle) at 
the palpable lump (triangular marker on skin) in the upper outer right breast. 
(B) Ultrasound shows a suspicious irregular solid mass (arrows), proven 
to represent an invasive ductal carcinoma at ultrasound-guided biopsy. 
(C) Preoperative breast MRI shows the biopsy-proven cancer in the posterior 
upper outer quadrant (circle) and an additional 6-mm enhancing mass in the 
anterior upper inner quadrant (arrow). MRI-guided breast biopsy of the 6-mm 
mass reveals invasive ductal carcinoma confi rming multicentric disease.

(A)

(B)

(C)
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recurrence (41). Imaging surveillance of breast cancer survivors may entail multi-
ple imaging modalities.

MAMMOGRAPHY

Mammography is considered the main surveillance-imaging modality for patients 
following curative primary breast conservation treatment. Studies have shown 
improved survival for early detection of recurrence in posttreatment patients (42). 
Current guidelines from the American Society of Clinical Oncology (ASCO) and 
NCCN suggest annual mammogram based on expert opinion (41). Mammogra-
phy alone detects 8% to 50% of recurrent cancer in the ipsilateral breast and 18% to 
80% of contralateral metachronous cancers (43). Postoperative and postradiation 
changes can decrease sensitivity and specifi city of mammography (41). Th erefore, 
additional adjunct surveillance-imaging modality may be considered. In our prac-
tice we perform annual screening mammography, preferably with DBT, and oft en 
add screening breast MRI in women aged 65 and under.

BREAST ULTRASOUND

ASCO and NCCN do not recommend routine surveillance ultrasound in women with 
a personal history of breast cancer. Th e ACR suggests that screening ultrasound is an 
option for women with intermediate risk (eg, personal history of breast cancer) and 
women with high risk for breast cancer who are unable to undergo breast MRI (18,41).

BREAST MRI

Breast MRI is a resource-intensive modality and can be more diffi  cult for patients to 
tolerate compared to ultrasound or mammography. However, breast MRI has been 
shown to be superior in diff erentiating postoperative and posttreatment changes 
from recurrent tumor (41). In addition, a large retrospective study by Brennan 
et al demonstrated a benefi t to MRI surveillance in patients with a personal history 
of breast cancer, detecting malignancy in 12% of patients (44). At our institution, 
we compared cancer detection with screening mammography and breast MRI on 
249 asymptomatic breast cancer survivors treated with breast conserving therapy 
or mastectomy. Supplemental screening breast MRI identifi ed the vast majority of 
cancers: of the 11 diagnosed cancers, 8 were detected by MRI alone, 3 by MRI and 
mammography, and none by mammography alone (45). Respectively, sensitivity 
and specifi city were 84.6% and 95.3% for breast MRI and 23.1% and 96.4% for 
mammography. Th erefore, breast MRI should be considered an important adjunct 
surveillance-imaging tool for breast cancer survivors.

F-18 FLUORO-DEOXYGLUCOSE (FDG) POSITRON EMISSION 

TOMOGRAPHY (PET)

Once recurrent disease is suspected based on clinical or other imaging fi ndings, 
F-18 FDG PET is considered appropriate to evaluate the extent of disease and dis-
tant metastasis, as its sensitivity and specifi city have been reported up to 97% and 
82%, respectively, compared to conventional imaging (46). Otherwise, given the 
radiation exposure, high cost, and low sensitivity for primary tumor detection of 
only 68% for tumors <2 cm (47), PET–CT is not routinely recommended for initial 
surveillance of patients with a personal history of breast cancer.
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lesions and allows a single step surgery for malignancies.
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2Management of High-Risk Breast Disease

Arielle Cimeno, Stephanie Richards, Susan B. Kesmodel, Olga Ioffe, 
Katherine H. R. Tkaczuk, and Emily Bellavance

INTRODUCTION

General Characteristics
High-risk breast lesions represent a category of disease that, while “benign,” con-
fers an increased risk of future malignancy. Th ese lesions may require surgical exci-
sion to exclude the presence of an invasive breast cancer or ductal carcinoma in situ 
(DCIS). Included in this category are atypical ductal hyperplasia (ADH), atypical 
lobular hyperplasia (ALH), lobular carcinoma in situ (LCIS), fl at epithelial atypia 
(FEA), and intraductal papillomas (IPs). Th ese lesions are typically asymptomatic. 
Th e actual incidence of high-risk breast lesions is unknown, primarily because they 
are oft en clinically silent. Up to 4% of core needle biopsies (CNBs) and 23% of exci-
sional biopsies are reported to contain a high-risk lesion (1,2). Atypical hyperplasia 
is found in 10% to 17% of biopsies (3–5). LCIS is an incidental fi nding in up to 3.8% 
of benign breast biopsies (3), FEA is a rare lesion found in 1.2% of CNB (6), and 5% 
of lesions on CNB are identifi ed as IPs (7).

Workup
A. Improvements in breast imaging have resulted in more abnormalities detected 

on screening mammography, leading to an increased number of breast biopsies.
B. Image-guided CNB is the fi rst modality utilized to obtain tissue for diagnosis.
C. Studies of CNB techniques show that larger gauge needles, higher number of 

cores obtained, and the use of vacuum-assisted devices result in a lower rate of 
upgrading of the pathology upon excision, need for rebiopsy, and radiologic–
pathologic discordance (8,9,10).

Management
A. A high-risk lesion found on CNB is considered for surgical excision based on 

the likelihood of malignancy (risk of upgrading) on fi nal pathology. Discor-
dance or concern that the intended lesion was not sampled is also an indication 
for surgical excision (11).

B. Depending on the results of surgical excision and lifetime risk of breast cancer, 
patients may be eligible for chemoprevention.

C. Select patients may be candidates for prophylactic mastectomy.
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ATYPICAL DUCTAL HYPERPLASIA

Histology
ADH is a proliferative intraductal lesion that fulfills some, but not all, of the 
criteria for DCIS (Figure 2.1). Like DCIS, it carries an increased risk for the 
development of invasive breast cancer (12,13). Clinically, ADH is a lesion 
that does not present as a palpable mass; it is usually identified on screen-
ing mammography by the presence of microcalcifications. ADH identified on 
core biopsy may signify the presence of a higher grade adjacent lesion; cases of 
ADH on biopsy are not infrequently upgraded to DCIS or invasive carcinoma 
on excision (1). ADH confers a mildly increased risk of breast cancer—4–5× 
relative risk (RR).

Th ere are no universally accepted criteria to reliably distinguish between ADH 
and DCIS (14). Generally, though, a diagnosis of DCIS requires the presence of 
at least two duct cross-sections that are fully involved by the atypical proliferative 
lesion (14). Anything less than two fully involved ductal cross-sections is more 
appropriately characterized as ADH.

ADH may also have signifi cant microscopic overlap with usual ductal hyper-
plasia (UDH) or benign intraductal hyperplasia. Unlike DCIS, UDH is character-
ized by cells of nonuniform shape with nuclei oriented parallel to their long axes 
(streaming cells) and indistinct cell borders. However, atypical features need to be 
present in order to diagnose a lesion as ADH. ADH is a proliferation of atypical 
epithelial cells that involve individual ductal spaces. Th e distinction between ADH 
and DCIS is the extent of proliferation, with ductal involvement of <2mm and less 
than two ductal spaces in ADH (3).

Figure 2.1 Atypical ductal hyperplasia (ADH). The ductal profi les in this fi eld 
exhibit focal cribriforming and monotonous cellular proliferation; however, this 
process does not fulfi ll criteria for ductal carcinoma in situ (does not involve two 
profi les completely) and is therefore classifi ed as ADH.
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Upgrade Rate
A. Surgical excision of ADH found on biopsy has variable published upgrade rates 

in the range of 18% to 31% (1,8). In a study that assessed upgrade rates in 685 
women with ADH, 123 (18%) were found to have more signifi cant pathology 
in the breast at surgical excision (1). Th e majority of these cases showed DCIS 
(82%), with invasive cancer identifi ed in the remaining 18%. In a smaller study 
that examined pathology in 70 patients with ADH undergoing surgical excision, 
malignancy was identifi ed in 31% of the patients (8). Again, the majority of 
patients had DCIS (74%) on fi nal pathology.

Treatment
A. Based on the reported upgrade rates, ADH found on biopsy is considered an 

indication for surgical excision. 

 h We currently recommend excision in women with ADH on image-guided 
biopsy who are surgical candidates.

B. Th ere is interest in elucidating a set of criteria that would determine which 
patients can forgo surgical excision for imaging surveillance; however, currently 
there is no consensus and individualized treatment approaches are recom-
mended.

C. Based on cumulative risk factors for breast cancer, patients with a diagnosis of 
ADH may be eligible for chemoprevention, which is covered later in this chapter.

Risk of Future Malignancy
Th e cumulative risk of in situ or invasive cancer in patients with ADH is approx-
imately 20% at 20 years (11), an RR of 4 (15). In a study conducted by the Mayo 
Clinic that examined the risk of subsequent breast cancer in women with atypical 
hyperplasia, 698 women were identifi ed from pathology review (16). Th is study 
included patients with ADH and ALH. With a mean follow-up of 12.5 years, breast 
cancer was detected in 143 patients (20.4%), with similar rates in patients with 
ADH and ALH. Th e majority of cancers developed in the ipsilateral breast and 
most patients with ADH were diagnosed with invasive breast cancer.

Factors associated with an increased risk of developing breast cancer aft er a 
diagnosis of atypical hyperplasia include multifocal disease, less age-related lobular 
involution in the breast, and younger age at diagnosis.

ATYPICAL LOBULAR HYPERPLASIA 

Histology
Like ADH, ALH is an atypical proliferative lesion that is not suffi  ciently developed 
to meet the criteria for LCIS. Histologically, ALH—like LCIS—is composed of bland 
cells that lack E-cadherin expression and fi ll preexisting lobular structures. However, 
unlike in LCIS, these cells do not expand the lobules (17). ALH confers a mildly 
increased bilateral breast cancer risk of the same magnitude as ADH (4–5× RR). ALH 
and LCIS are distinguished by the degree of lobular involvement, with distortion of 
<50% of involved lobular acinar spaces categorized as ALH and >50% as LCIS (3).
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Upgrade Rate
Published pathology upgrade rates for excision of ALH vary widely, from 0% to 
43% (8,10,11), because ALH is commonly found with other lesions on biopsy. In a 
pooled analysis of studies that examined the results of surgical excision in patients 
with high-risk breast lesions and included 280 patients with ALH, breast cancer was 
identifi ed in 53 cases (19%) on surgical excision with 74% of these showing DCIS.

Treatment
A. Because of variable upgrade rates and the high frequency of incidental ALH 

and concomitant lesions, surgical excision of ALH is controversial. Surgical 
biopsy should be off ered in patients with ALH diagnosed on CNB for defi nitive 
diagnosis. Patients should also be off ered the option of clinical and imaging 
follow-up in 6 to 12 months aft er careful consideration of the risks and benefi ts 
of surgical excision.

B. Based on cumulative risk factors for breast cancer, patients with a diagnosis of 
ALH may be eligible for chemoprevention, which is covered later in this chapter.

Risk of Future Malignancy
A. Th e RR of developing cancer with ALH is similar to ADH (RR of 4) (15). Cumu-

lative incidence of developing a malignancy in either breast approaches 20% at 20 
years, 30% at 25 years, and 35% at 30 years (4,11,18). Breast cancers that develop in 
women with ALH are more commonly invasive ductal carcinomas than other his-
tologies and, similar to ADH, occur more frequently in the ipsilateral breast (16).

B. Th e same factors that increase the risk of breast cancer in patients with ADH, 
including multifocal disease and younger age at diagnosis, apply for ALH (16,18).

LOBULAR CARCINOMA IN SITU

Histology
LCIS is a proliferative intralobular lesion that is oft en incidentally detected on 
biopsy of an unrelated lesion (Figure 2.2). It is oft en multifocal and bilateral, and as 
such, it is considered to be a marker of increased bilateral risk (8–10 × RR) (19) for 
invasive breast cancer rather than a true precursor lesion (20,21). LCIS rarely forms 
a discrete mass; occasionally, a palpable region of fi rmness will be present due to 
surrounding tissue reaction (17). LCIS is characterized by lobules that are fi lled 
and expanded by discohesive neoplastic bland round cells with eccentric nuclei 
and occasional signet ring forms. On immunohistochemistry, LCIS cells exhibit 
loss of E-cadherin, a cellular adhesion protein. Pagetoid spread of LCIS cells into 
the ducts underneath the normal ductal epithelium is relatively common.

Upgrade Rate
A. Th e rate of upgrade at surgical excision ranges widely from 0% to 60% in pub-

lished studies, as many have small sample sizes and include LCIS found with 
other lesions (8,10,22). In a pooled analysis that reported results of surgical 
excision in 241 patients with LCIS, upgrade to DCIS or invasive cancer was 
observed in 32% of cases. Th e majority of these cases were invasive cancer 
(64%). Upgrade rates are higher when other high-risk lesions (ADH) are iden-
tifi ed in combination with LCIS (22).
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B. One subtype, pleomorphic LCIS, is a more aggressive lesion with a higher risk 
of concurrent malignancy.

Treatment
A. Surgical excision for LCIS is controversial and should depend on institutional 

upgrade rates. Similar to ALH, surgical biopsy should be off ered in patients for 
defi nitive diagnosis. Patients should also be off ered the option of clinical and 
imaging follow-up in 6 to 12 months aft er careful consideration of the risks and 
benefi ts of surgical excision. Since surgical excision is performed for sampling, 
negative margins are not necessary.

 h Patients should be offered the option of surgical excision as well as the 
alternative of close follow-up with imaging.

B. Pleomorphic LCIS is a more aggressive subtype and may represent a precursor 
lesion to invasive cancer.

 h We currently recommend treating this entity with surgical excision. The 
importance of obtaining microscopically negative margins in the excision of 
pleomorphic LCIS is controversial. Invasive cancer is identifi ed more frequently 
on excision of pleomorphic LCIS than standard LCIS (10).

C. Based on cumulative risk factors for breast cancer, patients with a diagnosis of 
LCIS may be eligible for chemoprevention (see the following).

D. Patients with a diagnosis of LCIS may be considered for more aggressive screen-
ing strategies including more frequent clinical breast exams and breast MRI. 
Th is should be considered in the context of the patients’ other risk factors for 
breast cancer.

Figure 2.2 Lobular carcinoma in situ (LCIS). Small monotonous discohesive cells 
fi ll acini in this lobule.
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Risk of Future Malignancy
A. LCIS confers an RR of lifetime malignancy of 10 (19). Th e risk of developing an 

invasive cancer is about 0.7% to 1% per year (11).
B. LCIS confers a greater risk for both ductal and lobular cancers, which can occur 

in either breast (10,11).

ATYPICAL COLUMNAR CELL CHANGE (FLAT EPITHELIAL ATYPIA) 

Histology
Columnar cell change is a ubiquitous alteration of benign breast epithelium 
 characterized by tall cuboidal to columnar epithelial cells replacing the normal low 
cuboidal ductal cells. Features that signify atypical columnar cell change (FEA) are 
similar to those of ADH: a uniformly sized cell population with basally oriented, 
hyperchromatic monotonous nuclei. Similar to ADH, though, FEA does not meet 
the criteria to diagnose DCIS (14). FEA is currently considered to represent a non-
obligate precursor to estrogen receptor (ER)/progesterone receptor (PR) positive, 
low-grade DCIS and invasive carcinoma; as such, it imparts a slightly increased 
risk of future breast cancer—between that of ADH and fl orid proliferative breast 
disease.

Upgrade Rate
A. Published upgrade rates vary from 0% to 25% in small series (2,23).
B. Rates are higher when found with ADH or DCIS. A study that examined 

upgrade rates in patients with FEA and included 95 patients with pure FEA 
who underwent surgical excision showed an upgrade rate of only 3.2%, with 1 
patient having DCIS and 2 patients having invasive cancer and DCIS. In those 
patients with concomitant FEA and ADH who underwent surgical excision 
(43 patients), the upgrade rate was 18.6%, with 4 patients having DCIS alone 
and 4 patients having an invasive component (2).

C. Upgrade rates with pure FEA may be lower. In a study that assessed upgrade 
rates to DCIS or invasive cancer in 104 patients with pure FEA who underwent 
surgical excision, an upgrade rate of 9.6% was observed, with 5 patients hav-
ing invasive cancer and 5 patients having DCIS. Other histopathology that was 
identifi ed on surgical excision included LCIS, ADH, ALH, and FEA (6).

Treatment
A. FEA found with other lesions warranting excision should be excised given 

the higher upgrade rates when found in combination with ADH, ALH, or 
LCIS (24).

B. Th e need for excision of pure FEA is unclear. Th e decision to excise FEA should 
take into account imaging studies, the fi ndings on pathology, and the overall 
health of the patient. If there is concern that the fi nding on imaging has not 
been adequately sampled or that the imaging and pathology are discordant, 
then surgical excision is warranted. In general, we consider excision for all 
patients with FEA given that even in pure FEA, the upgrade rates can be as 
high as 10%.
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Risk of Future Malignancy
A. FEA is a relatively new diagnosis, and long-term studies on the risk of malig-

nancy associated with FEA have not been reported (11).

INTRADUCTAL PAPILLOMAS

Histology
IP is a lesion consisting of a fi brovascular stalk and surrounding epithelial prolif-
eration (7).

Upgrade Rate
A. Upgrade rates for IP vary from 2% to 35% and depend on whether atypia is 

present in the biopsy (Table 2.1) (1,11).
B. In a study that looked at upgrade rates at surgical excision for 99 papillary lesions 

without atypia, the upgrade rate was only 2% and both patients had DCIS.
C. Upgrade rates are higher when atypia is present and are closer to rates seen with 

ADH, ALH, and LCIS. A comparison of upgrade rates in patients with IP with-
out atypia to those with atypia showed an upgrade rate of 6% in patients with IP 
without atypia and a rate of 21% in patients with IP with atypia (27).

Table 2.1 Upgrade Rates of High-Risk Lesions

Lesion Study N Upgrade rate (%)

ADH Margenthaler et al (8)
Menes et al (1)

61
685

31
18

ALH Margenthaler et al (8)
Hussain, Cunnick (10)
Rendi et al (22)
Shah-Khan et al (25)
Murray et al (26)

19
280
53
81
34

16
19
4.1
1.2
11

LCIS Margenthaler et al (8)
Hussain, Cunnick (10)
Rendi et al (22)
Shah-Khan et al (25)
Murray et al (26)

16
241
23
20
46

25
32
5
5

4.3

Pleomorphic LCIS Hussain, Cunnick (10) 22 41

FEA Lavoue et al (2)
Uzoaru et al (24)
Khoumais et al (6)

60
95

104

13
3.2
9.6

IP Menes et al (1)
Nakhlis et al (27)

99
97

2
10

ADH, atypical ductal hyperplasia; ALH, atypical lobular hyperplasia; FEA, fl at epithelial 
atypia; IP, intraductal papilloma; LCIS, lobular carcinoma in situ.
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Treatment
IP with or without atypia should be excised if the presenting symptom is a mass or 
pathologic nipple discharge, there is radiologic–pathologic discordance, or if the 
CNB was not obtained with a vacuum-assisted device (7). Patients with IP with 
atypia should always be considered for surgical excision given the similar upgrade 
rates to other proliferative breast lesions with atypia.

Risk of Future Malignancy
A. Th e long-term risk of malignancy is linked to the presence of atypia with an RR 

of 4 with atypia and 2 without atypia (Table 2.2) (11).

CHEMOPREVENTION

Risk Reduction
Th e use of hormonal (endocrine) therapy has been shown to reduce the incidence 
of breast cancer in women with increased risk. Only a very small proportion of 
women who might benefi t from chemoprevention are prescribed and/or take these 
medications, largely due to fear of adverse side eff ects (4). In a meta-analysis of 
endocrine prevention of breast cancer with selective estrogen receptor modulators 
(SERMs), incidence of invasive ER-positive breast cancer was reduced both during 
treatment and for at least 5 years aft er completion. Careful consideration of risks 
and benefi ts is needed to identify women who are most likely to benefi t from pre-
vention (28).

Selective Estrogen Receptor Modulators 
A. Agents

1. Tamoxifen—in 1999 the U.S. Food and Drug Administration (FDA) 
approved tamoxifen for primary prevention of breast cancer.

2. Raloxifene—in 2007 the FDA approved raloxifene for reducing the risk of 
invasive breast cancer in postmenopausal women with osteoporosis and in 
postmenopausal women at high risk for invasive breast cancer.

B. Mechanism of action: competitive inhibitor of ERs on breast tissue

Table 2.2 Long-Term Risk of Breast Cancer With High-Risk Lesions

Lesion Relative risk of breast cancer

ADH 4

ALH 4

LCIS 10

FEA 1.5

Papillary lesions 2

ADH, atypical ductal hyperplasia; ALH, atypical lobular hyperplasia; FEA, fl at 
epithelial atypia; LCIS, lobular carcinoma in situ.
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C. Indications: premenopausal women at increased risk of breast cancer (tamoxi-
fen only); postmenopausal (tamoxifen and raloxifene) women at increased risk 
of breast cancer

D. Side eff ects: vasomotor symptoms, venous thromboembolic (VTE) events, 
tamoxifen (not raloxifene) increases the risk of endometrial cancer; contraindi-
cations: pregnancy, history of VTE, history of stroke

Aromatase Inhibitors 
A. Agents

1. Exemestane—irreversible steroidal aromatase inactivator
2. Anastrozole—nonsteroidal aromatase inhibitor (AI)

B. Mechanism of action-block conversion of androgens to estrogens in peripheral 
tissues. AIs are contraindicated in premenopausal women or pregnant women.

C. Indications: Neither anastrozole nor exemestane is FDA approved for preven-
tion of breast cancer. However, based on available data from several prevention 
studies discussed in the following, these agents can be considered for prevention 
in women with increased risk of developing breast cancer such as Gail risk of 
≥1.6% in 5 years.

D. Most common side eff ects: Side-eff ect profi les for anastrozole and exemestane 
are expected to be similar. In the Anastrozole, Tamoxifen, Alone or in Combi-
nation (ATAC) study, a randomized, placebo-controlled study of tamoxifen ver-
sus anastrozole versus the combination, the most common side eff ects observed 
in >10% of women taking anastrozole compared to tamoxifen included: hot 
fl ashes, asthenia, arthritis, pain, arthralgia, pharyngitis, hypertension, depres-
sion, nausea and vomiting, rash, osteoporosis, fractures, back pain, insom-
nia, headache, peripheral edema, and lymphedema, regardless of causality. 
In women with preexisting ischemic heart disease, an increased incidence of 
ischemic cerebrovascular stroke (CVS) events occurred with anastrozole (17%) 
compared to tamoxifen (10%). Increases in total cholesterol and decreased bone 
mineral density may occur and should be monitored.

E. Contraindications: pregnancy, osteoporosis

KEY PREVENTION TRIALS (Table 2.3)
International Breast Cancer Intervention Study I (IBIS-I)
DESIGN

A randomized, placebo-controlled double-blind trial of premenopausal and post-
menopausal women aged 35 to 70 at increased risk of breast cancer who received 
tamoxifen or placebo for 5 years. Increased risk was defi ned as at least a twofold 
increased risk for breast cancer based on risk factors for breast cancer in patients 
aged 45 to 70 and greater than a twofold increased risk in women younger than 45.

RESULTS

Th ere was a reduction in breast cancer incidence including DCIS with a hazard 
ratio (HR) of 0.71 (P < .0001) at a median follow-up of 16 years. Th e greatest risk 
reduction was seen for ER-positive breast cancer and DCIS. Th ere was no impact 
on the development of ER-negative breast cancer. Reduction continued for inva-
sive cancer aft er the treatment period with an absolute risk reduction of 4.5% at 
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Table 2.3 Prevention Trials

Trial Design Participants Intervention Results

IBIS-I Randomized (8)  placebo-
controlled  double-blind

Pre- and postmenopausal 
women aged 35–70 with 
increased risk of breast cancer 
(>2× risk)

Tamoxifen vs. placebo 
for 5 years

29% reduction in BC 
incidence including DCIS 
(P < .0001) at a median 
follow-up of 16 years
Increased rates of VTE and 
endometrial cancer

NSABP (P-1) Randomized  placebo-
controlled  double-blind

Women at increased risk of 
breast cancer (age >60, age 
35–59 with risk >1.66%, or 
history of LCIS)

Tamoxifen vs. placebo 
for 5 years

49% risk reduction of 
invasive breast cancer, 50% 
risk reduction of noninvasive 
cancer
Increased risk of endometrial 
cancer, PE, and DVT

Royal Marsden Randomized  placebo-
controlled  double-blind

Women aged 30–70 with a 
family history of breast cancer

Tamoxifen vs. placebo 
for 8 years

Lower risk of ER-positive 
breast cancer in the post 
treatment period 

MORE Randomized  placebo-
controlled  double-blind

Postmenopausal women 
younger than 81 with 
 osteoporosis

Raloxifene vs. placebo 
for 3 years

76% decreased risk of 
 invasive cancer

(continued )
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Table 2.3 Prevention Trials (continued )

Trial Design Participants Intervention Results

STAR P-2 Randomized blinded Women with >1.66% 5-year 
risk based on Gail model

Tamoxifen vs. Raloxifene 
for 5 years

Raloxifene 76% as effective 
as tamoxifen at reducing 
invasive BC and Raloxifene 
reduced risk 39% vs. placebo
Raloxifene had lower risk of 
VTE and endometrial cancer

MAP3 Randomized  placebo-
controlled  double-blind 

Postmenopausal women >60 
or women >35 with 5-year risk 
>1.66% based on Gail model, 
ADH, ALH, LCIS, or DCIS

Exemestane vs. placebo 65% relative risk reduction in 
annual incidence of invasive 
cancer

IBIS-II Randomized  placebo-
controlled  double-blind

Postmenopausal women 
40–70 with increased risk of 
breast cancer

Anastrozole vs. placebo 
for 5 years

Signifi cantly less cancers in 
the anastrozole group with 
hazard ratio of 0.47 

ADH, atypical ductal hyperplasia; ALH, atypical lobular hyperplasia; DCIS, ductal carcinoma in situ; DVT, deep venous thrombosis; ER, estrogen receptor; 
IBIS-I, International Breast Cancer Intervention Study I; IBIS-II, International Breast Cancer Intervention Study II; LCIS, lobular carcinoma in situ; MAP3, 
Mammary Prevention 3; MORE, Multiple Outcomes of Raloxifene Evaluation; NSABP, National Surgical Adjuvant Breast and Bowel Project; PE, pulmonary 
embolism; STAR, Study of Tamoxifen and Raloxifene; 
VTE, venous thromboembolic.
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20 years. Th e number of patients needed to treat for 5 years to prevent 1 incidence 
of cancer at 20 years is 22 patients.

SIDE EFFECTS

Tamoxifen was shown to cause increased rates of VTE mainly in the fi rst 10 years 
of follow-up, 1.4% in patients receiving tamoxifen versus 0.8% in patients receiving 
placebo, and endometrial cancer mainly in the fi rst 5 years of follow-up, 15 patients 
(0.4%) receiving tamoxifen versus 4 patients (0.1%) receiving placebo in the fi rst 5 
years, and 29 patients (0.8%) receiving tamoxifen versus 20 patients (0.6%) receiv-
ing placebo overall (28).

National Surgical Adjuvant Breast and Bowel Project, Prevention-1 
(NSABP P-1)
DESIGN

Randomized, placebo-controlled double-blind trial of women who received 
tamoxifen for 5 years. 8.9% of participants had a history of atypical hyperplasia and 
6.2% has a history of LCIS. Women (N = 13,388) at increased risk for breast cancer 
because they (a) were 60 years of age or older, (b) were 35 to 59 years of age with a 
5-year predicted risk for breast cancer of at least 1.66%, or (c) had a history of LCIS 
were randomly assigned to receive placebo (N = 6,707) or 20 mg/day tamoxifen 
(N = 6,681) for 5 years.

RESULTS

Tamoxifen reduced the risk of invasive breast cancer by 49% (two-sided 
P < .00001), with cumulative incidence through 69 months of follow-up of 43.4 
versus 22.0 per 1,000 women in the placebo and tamoxifen groups, respectively. 
Th e decreased risk occurred in women aged 49 years or younger (44%), 50 to 59 
years (51%), and 60 years or older (55%); risk was also reduced in women with 
a history of LCIS (56%) or atypical hyperplasia (86%) and in those with any cat-
egory of predicted 5-year risk. Tamoxifen reduced the risk of noninvasive breast 
cancer by 50% (two-sided P < .002) and reduced the occurrence of ER-positive 
tumors by 69%, but there was no diff erence in the occurrence of ER-negative 
tumors.

SIDE EFFECTS

Endometrial cancer was increased in the tamoxifen group (risk ratio = 2.53), 
predominantly in women aged 50 years or older. Increased risk of pulmonary 
embolus was also seen again primarily in women aged 50 years or older and deep 
venous thrombosis (DVT) (RR—1.60; 95% CIs [0.91, 2.86]) (29).

Royal Marsden Trial
DESIGN

Randomized, placebo-controlled double-blind trial of women (N = 2,494) aged 30 
to 70 with a family history of breast cancer who received tamoxifen or placebo for 8 
years. Th e primary outcome was occurrence of invasive breast cancer. A secondary 
planned analysis of ER-positive invasive breast cancer was also done.



www.manaraa.com

2. MANAGEMENT OF HIGH-RISK BREAST DISEASE 33

RESULTS

A statistically signifi cant reduction in the incidence of ER-positive breast can-
cer was observed in the tamoxifen arm that occurred predominantly during the 
posttreatment follow-up, indicating long-term prevention of estrogen-dependent 
breast cancer by tamoxifen. Th e risk of ER-positive breast cancer was not statisti-
cally signifi cantly lower in the tamoxifen arm than in the placebo arm during the 
8-year treatment period (HR = 0.77, 95% CIs [0.48, 1.23]; P = .3) but was statis-
tically signifi cantly lower in the posttreatment period (HR = 0.48, 95% CIs [0.29, 
0.79]; P = .004), suggesting a carryover eff ect of prevention with tamoxifen (30).

Multiple Outcomes of Raloxifene Evaluation (MORE)
DESIGN

Randomized, placebo-controlled double-blind trial of postmenopausal women less 
than 81 years old with osteoporosis who received raloxifene or placebo for 3 years.

RESULTS

Raloxifene was shown to decrease the risk of invasive cancer by 76%. Th e risk of all 
ER-positive cancers decreased by 90% but there was no eff ect on ER-negative can-
cers. Th e number needed to treat to prevent one incidence of breast cancer was 126.

SIDE EFFECTS

Raloxifene did confer an increased risk of VTE events with an RR of 3 (0.6%) (1). 
Raloxifene did not signifi cantly increase the risk of endometrial cancer (31).

National Surgical Adjuvant Breast and Bowel Project, Study of 
Tamoxifen and Raloxifene (STAR) P-2 (NCT00003906)
DESIGN

Randomized blinded trial of postmenopausal women at increased risk of breast 
cancer defi ned as 5-year risk at least 1.66% based on the Gail model, who received 
tamoxifen 20 mg daily or raloxifene 60 mg daily for 5 years. 23% of participants had 
a history of atypical hyperplasia and 9.2% had a history of LCIS.

RESULTS

Initial results showed that raloxifene was as eff ective as tamoxifen at reducing the 
incidence of invasive breast cancer but worse in terms of prevention of noninvasive 
disease. Th ere were an equal number of cases of invasive breast cancer in women 
assigned to tamoxifen and raloxifene. Th ere were fewer cases of noninvasive breast 
cancer in the tamoxifen group than in the raloxifene group (risk ratio: 1.40; 95% 
CIs [0.98, 2.02]). Longer follow-up of 81 months showed that this benefi t did not 
persist past the treatment period. Raloxifene was 76% as eff ective as tamoxifen 
at reducing invasive breast cancer risk and grew closer to tamoxifen over time in 
preventing noninvasive disease; it also reduced risk by 39% compared to placebo.

SIDE EFFECTS

Raloxifene had a signifi cantly lower risk of VTE events and endometrial cancer 
(32). Toxicity risk ratios (raloxifene:tamoxifen) were 0.55 (95% CI; P = .003) for 
endometrial cancer; this diff erence was not signifi cant in the initial results, 0.19 

https://clinicaltrials.gov/ct2/show/NCT00003906
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(95% CIs [0.12, 0.29]) for uterine hyperplasia and 0.75 (95% CIs [0.60, 0.93]) for 
thromboembolic events, and there were fewer cataracts and cataract surgeries in 
the women taking raloxifene (risk ratio: 0.79; 95% CIs [0.68, 0.92]).

Mammary Prevention 3 (MAP3) (NCT00083174) Trial
DESIGN

Randomized placebo-controlled double-blind trial of postmenopausal women 
aged 60 and over or aged 35 and over with a Gail 5-year risk >1.66%, ADH, ALH, 
LCIS, or DCIS treated with mastectomy, who were treated with exemestane for a 
median follow-up of 3 years. Eleven percent of the participants had a history of 
ADH, ALH, LCIS, or DCIS.

RESULTS

A 65% relative reduction in the annual incidence of invasive cancer was seen in the 
exemestane group.

SIDE EFFECTS

Th ere was no diff erence in the number of fractures between the exemestane and 
placebo groups (33).

International Breast Cancer Intervention Study II (IBIS-II) (NCT00072462)
DESIGN

Randomized, placebo-controlled double-blind trial of postmenopausal women 
aged 40 to 70 with an increased risk of breast cancer who received anastrozole for 5 
years. Nine percent of participants had a high-risk breast lesion.

RESULTS

At 5-year follow-up there were signifi cantly fewer cancers in the anastrozole group 
with an HR of 0.47. Women taking anastrozole were also found to have a lower 
frequency of high-grade cancers.

SIDE EFFECTS

Anastrozole did not increase the risk of VTE events but did increase musculoskel-
etal and vasomotor side eff ects (28).

SERM Clinical Trials Meta-Analysis
DESIGN

A meta-analysis with individual participant data from nine prevention trials com-
paring four SERMs (tamoxifen, raloxifene, arzoxifene, and lasofoxifene) with pla-
cebo, or in one study with tamoxifen. Primary endpoint was incidence of all breast 
cancer (including DCIS) during a 10-year follow-up period. Analysis of outcomes 
data for 83,399 healthy women was done by intention to treat; median follow-up 
was 65 months (range 54–93 months).

RESULTS

Treatment resulted in a 38% reduction (HR 0.62, 95% CIs [0.56, 0.69]) in breast 
cancer incidence; 42 women would need to be treated to prevent one breast cancer 
event in the fi rst 10 years of follow-up. Th e reduction was larger in the fi rst 5 years 

https://clinicaltrials.gov/ct2/show/NCT00083174
https://clinicaltrials.gov/ct2/show/NCT00072462
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of follow-up than in years 5 to 10 (42%, HR 0.58, P < .0001 vs. 25%, 0.75; P = .007), 
but no heterogeneity between time periods was observed.

SIDE EFFECTS

Th romboembolic events were signifi cantly increased with all SERMs (odds ratio 1.73, 
95%; P < .0001) while there was a signifi cant reduction of 34% in vertebral fractures 
(0.66, 0.59–0.73), but only a small eff ect for nonvertebral fractures (0.93, 0.87–0.99).

In Figure 2.3 we show possible breast cancer prevention strategies based on 
menopausal status, as well as presence or absence of bone loss or uterus.

PROPHYLACTIC MASTECTOMY

Surgical prophylaxis in the form of bilateral mastectomy is an option for a select 
group of patients. Prophylactic mastectomy should be considered individually 
based on cumulative risk factors (rather than the presence of a high-risk breast 
lesion alone). Consultation with a genetics counselor to assess breast cancer risk 
and with a medical oncologist to discuss chemoprophylaxis can aid patient deci-
sion making. Prophylactic mastectomy can decrease the risk of developing breast 
cancer in a high-risk population by >90% (34).

SURVEILLANCE

In addition to annual screening mammography, MRI has been considered in 
patients with an increased risk of breast cancer. Th e American Cancer Society 
recommends annual breast MRI in addition to mammography for women with 
a cumulative lifetime risk of breast cancer greater than 20% to 25%, but there is 
insuffi  cient evidence to recommend it for women with LCIS or atypical hyperplasia 
alone (35). Recommendations for surveillance in patients with high-risk lesions 
should be based on the calculated lifetime risk.

Figure 2.3 Suggested prevention strategies for selection of systemic treatments 
for 5 years.
AI, aromatase inhibitor.

Premenopausal 

AI 

Tamoxifen Presence of uterus

Menopausal status 

Postmenopausal 
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 h MANAGEMENT PEARLS

1. Image-guided CNB is the preferred method to obtain a tissue diagnosis of 
a suspicious breast lesion.

2. Recommendations for surgical excision of high-risk breast lesions are 
based on the risk of fi nding an invasive breast cancer or DCIS in the 
excised specimen.

3. Chemoprophylaxis with SERMs or AIs should be off ered to eligible candi-
dates for breast cancer risk reduction.
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 Katherine H. R. Tkaczuk

EPIDEMIOLOGY

Phyllodes tumors (PTs) are uncommon, biphasic, fi broepithelial neoplasms of the 
breast that were originally named “cystosarcoma phyllodes” for their leaf-like pap-
illary projections seen on histology. PTs account for approximately 0.5% of pri-
mary breast neoplasms (1,2). Population studies have estimated an incidence of 
2.1 per 1 million women. Most PTs are benign, but some have malignant potential 
(18%–25%) (3–5). Th us, the broader term “phyllodes tumor” is used as opposed to 
the previous term of “cystosarcoma phyllodes.”

CLINICAL PRESENTATION

Although they can occur at any age, the majority of PTs present in women in their 
fourth decade of life and are most commonly detected as rapidly enlarging, pain-
less, palpable breast masses. Th ey tend to be larger and present 10 to 20 years later 
than the peak age for fi broadenomas. On imaging, these appear as round, sharply 
defi ned masses with cysts or cleft s, and occasionally coarse calcifi cations (6,7).

PATHOLOGY

Like fi broadenomas, PTs arise from intralobular stroma, which distorts lobules and 
ducts and incorporates them within the mass; while the tumor contains epithelial 
elements, only the stromal component is neoplastic (3). Compared to fi broadeno-
mas, PTs have increased cellularity of the stroma, a higher mitotic rate, and a leaf-
like architecture with periepithelial stromal condensation, also known as cuffi  ng. 
Histologically, PTs are characterized by elongated, branching epithelial cleft -like 
spaces within leaf-like hypercellular epithelial-lined stromal fronds that protrude 
into cystically dilated spaces, creating a staghorn appearance. Increased stromal 
cellularity is a characteristic feature of PT; this feature helps diff erentiate PTs from 
fi broadenomas and helps to histologically grade PTs.

PATHOLOGIC CLASSIFICATION OF PHYLLODES TUMORS

While many classifi cation systems have been proposed for these neoplasms, none 
is universally honored. In 1951, Treves and Sunderland classifi ed PTs as benign, 
borderline, or malignant based on histological parameters (8), a classifi cation sys-
tem that is still most widely used to date. In 2003, the World Health Organization 
(WHO) proposed a classifi cation system based on Treves and Sutherland’s three 
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categories, only with better defi ned criteria, which were amended in 2012 (9). Th e 
histological parameters in this  classifi cation system include the degree of stromal 
cellularity and atypia, mitotic count, stromal overgrowth (defi ned as presence of 
stroma without epithelium in at least one low-power fi eld), and invasion into the 
surrounding breast tissue (10).

BENIGN PHYLLODES TUMORS

Benign PTs comprise 60% to 75% of all PTs and are characterized by mildly 
increased stromal cellularity, minimal stromal atypia, well-defi ned pushing 
borders, <5 mitoses/10 high power fi eld (HPF), and no stromal overgrowth. 
Although they are not likely to metastasize, they have the potential for local 
recurrence (LR), making it important to distinguish them from fi broadenomas. 
Many of these histologic features overlap with fi broadenomas (pushing/circum-
scribed borders and modest stromal cellularity), making it particularly diffi  cult 
to distinguish the two on core needle biopsy, largely due to limited sample size. 
Th e key features distinguishing PTs from fi broadenomas are the characteris-
tic leaf-like structures and increased stromal cellularity around the epithelial 
cleft s—stromal cuffi  ng (Figure 3.1).

MALIGNANT PHYLLODES TUMOR

On the other end of the spectrum are malignant PTs, which account for 10% to 
20% of all PTs. Th ey have marked cellular atypia (coarse chromatin, signifi cant 
variation in nuclear size, and irregular membranes with discernible nucleoli), 
moderate to marked stromal atypia, >10 mitoses/10 HPF, infi ltrative borders, and 
stromal overgrowth. All of these features must be present to be graded as a malig-
nant PT;  otherwise, it is considered a borderline PT (Figure 3.2). Alternatively, a 
PT is graded as malignant if a heterologous element is present (eg, liposarcoma, 
chondrosarcoma, osteosarcoma), regardless of the other parameters.

Figure 3.1 Benign phyllodes tumor. Note the leaf-like architecture and stromal 
condensation under the epithelial lining of the spaces.
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BORDERLINE PHYLLODES TUMOR

As their name implies, borderline PTs fall in between these two extremes, making 
precise defi nitions diffi  cult. Th ey comprise 15% to 20% of all PTs and generally 
have intermediate features or do not fully meet malignant criteria. Th ey have mod-
erate stromal cellularity, mild to moderate stromal atypia, 5 to 9 mitoses/10 HPF, 
and may have focal infi ltrative borders. Predicting tumor behavior based on these 
histologic parameters alone has proved futile, as benign PTs have been known to 
metastasize while malignant ones may neither recur nor metastasize aft er wide 
local excision. However, stromal overgrowth is consistently associated with aggres-
sive behavior and metastatic potential. Th ere have been eff orts to identify tumor 
markers as predictors of clinical course and outcome, including Ki-67, p53, CD117, 
and CD34, but all have failed to consistently and reliably predict outcomes. Th e 
major clinical concern is LR, which can be seen with all types of PTs, and is best 
mitigated with adequate wide local excision (3,6,11,12).

DIAGNOSIS

Core needle biopsy is the preferred method of evaluating breast lesions; however, 
the limited specimen from a core biopsy can make it diffi  cult to accurately distin-
guish a benign PT from a fi broadenoma (3,13).

TREATMENT

Wide local excision of the mass with a margin of normal breast tissue remains the 
standard of care for PT (6); total mastectomy is generally reserved for large tumors 
where breast conserving surgery (BCS) would not lead to an acceptable cosmetic 
outcome or for cases of LR when a reexcision is not possible (5,14). Routine axillary 
staging or lymph node dissection is not recommended for PT since the incidence 
of axillary lymph node metastasis is low (6,14). Negative margins, wide excision 

Figure 3.2 Malignant phyllodes tumor. The leaf-like architecture is still present 
but stroma is very hypercellular, highly pleomorphic, with necrosis and frequent 
mitotic fi gures.
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(microscopic margins ≥1 cm), and mastectomy can have high rates of local control 
(80%–100%) (6,14,15). Some groups report better local control with total mastec-
tomy for patients with borderline or malignant PT (5,16).

PROGNOSIS

Given the rarity of PT in general, most studies that have examined local con-
trol and survival rates have been either retrospective single-institution studies or 
population-based studies. Population-based studies have noted high rates of can-
cer-specifi c survival even for malignant PTs, with 15-year cancer-specifi c survival 
of 89% (1). Other groups have combined borderline and malignant PTs together 
and estimated 10-year disease-free survival (DFS) and overall survival (OS) rates 
to be 68% and 88%, respectively (5). Histopathologic factors associated with 
disease recurrence include the degree of stromal hypercellularity (17), stromal 
atypia, and permeative margins (11), although this is not consistent in all reported 
studies (6). While few patients develop metastatic disease, some groups have 
noted that patients with infi ltrating tumor margin, severe stromal overgrowth 
(14), atypia, and cellularity are at higher risk for metastasis (6). Belkacémi et al 
collected data from 443 women in the Rare Cancer Network with PT and reported 
LR of 19% and incidence of distant metastases of 3.4% at a median follow-up of 
106 months (5). Patients with borderline or malignant PT were more likely to 
develop LR than patients with benign PT, with 10-year local control rates of 64% 
and 87%, respectively (P < .0001). Adjuvant radiation therapy (RT) in patients 
with borderline or malignant PT also signifi cantly increased local control rates 
compared to BCS alone.

Benign PT carries a good prognosis even when treated with surgery alone; most 
LRs are salvaged by secondary surgery, likely contributing to the excellent survival 
rates. Belkacémi et al observed LR rates of 13% at 10 years in women with benign 
PT (5). Kim et al reported even fewer LR (3.4%) among 143 women with benign 
PT regardless of surgical margins or adjuvant radiation (RT) (16). Our approach 
for the management of benign PT is wide local excision to obtain negative patho-
logic margins with no adjuvant therapy.

RADIATION THERAPY FOR BORDERLINE AND MALIGNANT 

PHYLLODES TUMOR

Patients with borderline and malignant tumors have higher rates of LR aft er sur-
gery than benign PT, 18% to 26% and 36% to 47%, respectively (5,16). In women 
with borderline and malignant PT who opt for BCS, improvement in local con-
trol rates may be observed with adjuvant RT (5,18). Given the rarity of borderline 
and malignant PT, the role of adjuvant RT has not been well established. Prior to 
2009, most studies reported surgery as the primary treatment, with approximately 
9% of PTs treated with adjuvant RT (1,5,19). A Surveillance, Epidemiology, and 
End Results (SEER) analysis of patients with malignant PT suggested that patients 
who received adjuvant RT had worse cause-specifi c survival compared to those 
who had surgery alone; however, the authors note that only a small percentage of 
patients (9%) received adjuvant RT, which would suggest selection bias that the 
worst tumors likely received adjuvant RT (1). Th e authors recognize that import-
ant clinical and pathologic data such as presence of stromal overgrowth, tumor 
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 necrosis, tumor grade, margin status, lymph node status, histologic subtype, hor-
mone receptor status, specifi cs of the surgical and radiotherapy procedures, and 
clinical reasoning for mastectomy versus wide excision were not available or were 
incomplete within the SEER record (1).

A recent meta-analysis focusing on borderline and malignant PT showed a 
lower relative risk of LR with adjuvant RT with an absolute risk diff erence of 10.1% 
(20). Despite a clear reduction in LR in the patients who had BCS, no statistically 
signifi cant diff erences were seen in OS or DFS between patients who received adju-
vant RT and those who had surgery alone (20).

A population study using data collected from the National Cancer Data 
Base from 1998 to 2009 revealed that the use of adjuvant RT for PT has been 
increasing over recent years. Use of RT doubled over the study period from 9.5% 
(1998–1999) to 19.5% (2008–2009). Among the 3,120 women with malignant PT, 
women were signifi cantly more likely to receive RT if they were diagnosed later 
in the study, were age 50 to 59 years old, had tumors >10 cm, or had lymph nodes 
removed. While recurrence data was only available for 1,774 patients, the overall 
recurrence rate was 14.1%, and LR was 5.9%. Th e multivariate model demon-
strated that adjuvant RT signifi cantly reduced LR (hazard ratio 0.43, 95% CIs 
[0.19, –0.95]) (19).

Pezner et al from the City of Hope published local control rates for 478 patients 
with malignant PT undergoing surgery alone with the important fi nding that 
tumor size was associated with tumor recurrence. With a median follow-up of just 
over 5 years, the recurrence rate following a lumpectomy was 9% for tumors <2 cm, 
15% for tumors between 2 and 5 cm, and 41% for tumors >5 cm. Based on this data, 
we recommend whole breast radiation to 50 Gy at 1.8 to 2 Gy per fraction followed 
by a boost to the tumor cavity for an additional 10 Gy for tumors >5 cm following 
a BCS with negative margins (15).

Adjuvant RT to the chest wall aft er mastectomy may also be performed in 
patients with malignant PT, especially when the tumor is large; however, the bene-
fi t is not completely clear given the limited data (4,15). In Table 3.1 we summarize 
studies including adjuvant RT for borderline or malignant PT.

CHEMOTHERAPY

A role for adjuvant chemotherapy in patients with borderline or malignant PT has 
not been established and remains controversial. Since most retrospective analyses 
report excellent OS and low rates of systemic recurrence, it is unlikely that the use 
of systemic chemotherapy for management of adequately resected PT is benefi cial. 
Due to the low incidence of this malignancy, it is also unlikely that prospective 
clinical trials will be conducted to address the role of adjuvant chemotherapy in 
management of PT. Genetic tumor analysis will supplement classical histologic 
examination and may potentially identify targetable mutations in order to improve 
our management of these rare tumors.

A small prospective observational study in 28 patients with malignant PT 
reported outcomes in patients who were assigned to chemotherapy or observa-
tion. Seventeen patients received adjuvant chemotherapy consisting of four cycles 
of 65 mg/m2 doxorubicin infusion over 48 hours and 960 mg/m2 dacarbazine infu-
sion over 48 hours. Eleven patients were in the observation group. All patients had 
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Table 3.1 Studies Including Adjuvant Radiation Therapy for Borderline or Malignant Phyllodes Tumor

Study No. Time period

Surgery 
type
(TM/BCS/
unknown)

Negative 
 margins?
(yes/no/ 
unknown)

Mean 
tumor size 
(cm)

Tumor 
grade, 
malignant/
borderline

Adjuvant 
RT/no 
RT

Dose 
range 
(Gy) Conclusions

Pandey 
et al (21)

36 1982–1998 26/6/4 17/6/13 10.8 All 
 malignant

25/11 45–50 Adjuvant RT 
decreases LR and 
increases survival

Soumarová 
et al (4)

25 1970–1995 21/4/0 Unknown 10 All 
 malignant

17/8 46–70 Adjuvant RT 
decreases LR in 
malignant PT

Macdonald 
et al (1)

821 1983–2002 428/393/0 Unknown Unknown All 
 malignant

76/745 Unknown Role of adjuvant RT is 
uncertain

Belkacémi 
et al (5)

159 1971–2003 50/109/0 Unknown 4.6 79/80 36/123 36–60 Consider adjuvant 
RT according to 
 histologic criteria if 
patient had BCS, with 
no effect on survival

Barth et al 
(18)

46 1999–2006 0/46/0 43/3/0 3.7 30/16 46/0 All 
received 
60.4

Margin negative BCS 
with adjuvant RT has 
lower LR rate com-
pared to observed 
LR rate in patients 
treated with negative 
margins–BCS alone

(continued )
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Table 3.1 Studies Including Adjuvant Radiation Therapy for Borderline or Malignant Phyllodes Tumor (continued )

Study No. Time period

Surgery 
type
(TM/BCS/
Unknown)

Negative 
 margins?
(yes/no/ 
unknown)

Mean 
tumor size 
(cm)

Tumor 
grade, 
malignant/
borderline

Adjuvant 
RT/no 
RT

Dose 
range 
(Gy) Conclusions

Haberer 
et al (22)

25 1969–2006 20/5/0 20/0/2 6.5 All 
 malignant

7/18 45–55 More studies 
 investigating the role 
of adjuvant RT are 
needed

Badar et al 
(23)

32 1995–2012 Unknown Unknown 9.2 All 
 malignant

21/11 Unknown Role of adjuvant RT is 
uncertain

Kim et al 
(16)

48 2000–2010 6/42/0 41/7/0 4.2 cm 
borderline; 
6.2 cm 
malignant

15/33 6/42 Unknown Additional information 
needed

Gnerlich 
et al (19)

3120 1998–2009 1,363/
1838/9

2,787/275/
148

4.2 
(median)

All 
 malignant

458/
2,752

Unknown Adjuvant RT
signifi cantly reduced 
LR but had no effect 
on DFS
or OS

BCS, breast conserving surgery; DFS, disease-free survival; LR, local recurrence; OS, overall survival; PT, phyllodes tumor; RT, radiation therapy; 
TM, total mastectomy.
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surgical resection, 38% had an axillary lymph node dissection, and 25% received 
 adjuvant RT. Th e median age was 42 years (range, 23–76 years) and median 
tumor size was 13 cm (range, 3–30 cm). With median follow-up of 15 months 
(range, 2–81 months), 7 recurrences and 5 deaths were observed. Th e 5-year 
 recurrence-free survival rate was 58% (95% CI = 36% and 92%) for the patients 
who received adjuvant therapy and 86% (95% CI = 63% and 100%) for the patients 
who did not (P = .17). Th e median survival aft er recurrence was 6.5 months. Th e 
authors concluded that adjuvant chemotherapy with doxorubicin and dacarbazine 
did not aff ect recurrence-free and OS, although there was a clear selection bias 
for which patients received chemotherapy in this study. In addition, the choice of 
dacarbazine instead of ifosfamide is considered less standard since ifosfamide plus 
doxorubicin is superior to dacarbazine plus doxorubicin in treatment of other soft  
tissue sarcomas (24).

Another unresolved management issue is whether systemic chemotherapy may 
have clinical benefi t in those patients who develop LR aft er initial adequate surgical 
resection or local or systemic recurrence aft er surgical resection followed by local 
RT. Again we found no conclusive evidence that systemic chemotherapy is of ben-
efi t and management should be considered on a case-by-case basis as the majority 
of available information is from case reports of clinical response aft er systemic che-
motherapy for recurrent or metastatic disease; agents used in this setting include 
cisplatin, etoposide, or ifosfamide (25–28).

 h MANAGEMENT PEARLS

1. PT is a rare breast tumor that is more common in young women.  Surgery: 
Th e majority of PTs are benign tumors that can be treated by wide local 
excision with negative margins followed by observation. Mastectomy is 
typically reserved for larger tumors or in cases of LR when reexcision 
is not possible. Lymph node assessment is usually not necessary for PT, 
given the low likelihood of lymph node involvement.

2. Radiation therapy: For patients with borderline and malignant PT, 
 adjuvant RT may improve local control rates, and we typically recommend 
this in patients with larger tumors (≥5 cm) or when margins are close due 
to anatomical considerations.

3. Adjuvant chemotherapy: Th is is not recommended for patients with 
 borderline or malignant PTs that have been adequately resected. Patients 
with large (>5 cm), high-risk, or recurrent malignant PT can be assessed 
for chemotherapy using soft  tissue sarcoma protocols and aft er detailed 
discussion with the patient about the risks and benefi ts of such approach 
as it is unproven.

4. Follow-up: Since these women are oft en young, we extrapolate follow-up 
schedules from invasive breast cancer guidelines with clinical follow-up 
every 3 to 6 months for 5 years with annual mammography, prior to 
switching to yearly clinical exams with mammography (29).
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4Management of Ductal Carcinoma In Situ 

Susan B. Kesmodel, Natalie O’Neill, Steven J. Feigenberg, Alex Engelman, 
Katherine H. R. Tkaczuk, Susan Shyu, and Olga Ioffe

INTRODUCTION

Ductal carcinoma in situ (DCIS) of the breast is a neoplastic lesion confi ned to 
the breast ducts and lobules without evidence of invasion into the surrounding 
stroma by light microscopic examination. Pure DCIS is considered a localized dis-
ease and is not associated with metastases to nodal basins (axillary, internal mam-
mary, or supraclavicular lymph nodes) or distant metastases. Th e risk of metastases 
or death in a patient with pure DCIS is extremely low (less than 1%).

Epidemiology
Th e incidence of DCIS has signifi cantly increased in the United States, from 1.87 
per 100,000 women in 1973–1975 to 32.5 per 100,000 women in 2004. Th e inci-
dence increased in all age groups but in particular for women older than 50 years 
(1). About 25% of breast cancers in the United States are DCIS and approximately 
65,000 new cases of DCIS will be diagnosed in the United States alone in 2016 
(Surveillance, Epidemiology, and End Results [SEER]).

Risk Factors
Similar to invasive breast cancer, risks for developing DCIS include older age, increased 
breast density, nulliparity or late age at fi rst live birth, obesity, and family history.

Clinical Presentation
Th e majority of patients with DCIS have no clinical symptoms and are diagnosed via 
screening mammography. However, abnormal nipple discharge, a palpable mass, 
or Paget disease of the nipple can be associated with DCIS.  Microcalcifi cations 
( Figure 4.1) seen on mammogram are very commonly associated with DCIS 
(90%). Certain mammographic patterns are highly suggestive of DCIS, such as lin-
ear branching or segmental types of pleomorphic microcalcifi cations (Chapter 1).

Diagnostic Evaluation
An abnormal lesion detected by mammogram or breast MRI should be assessed by 
core tissue sampling to obtain tissue confi rmation of pathologic diagnosis. Exci-
sional or incisional biopsy is rarely needed for diagnosis of DCIS and we typically 
do not recommend it unless the patient cannot have an image-guided biopsy. Fine 
needle aspiration (FNA) is not recommended because it may not provide enough 
tissue to confi rm the diagnosis of noninvasive versus invasive breast carcinoma.
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Pathology
DCIS is a neoplastic intraductal lesion characterized by the clonal proliferation of 
malignant epithelial cells, which, unlike invasive carcinoma, remain limited to the 
basement membrane of the ducts. DCIS is considered a direct precursor to invasive 
breast cancer and patients with DCIS have a risk 8 to 11 times greater than that of 
the general population for developing invasive carcinoma.

Grading
Th ere is currently no universal agreement on a grading system for DCIS. Recently, 
there has been a shift  toward nuclear grade and the presence of necrosis, as these 
factors are predictive of clinical outcome. Th e grade of DCIS is divided into three 
tiers: low, intermediate, and high. Th e characteristics of DCIS documented in 
the surgical pathology report are: (a) nuclear grade (based on nuclear atypia), 
(b) necrosis, and (c) architectural pattern.

Other key associated features noted on the pathology report include margin 
status, size of the lesion, and the presence of microcalcifi cations.

It is important to note that the tiered grading system does not necessarily 
imply a pathophysiologic progression from low- to high-grade DCIS. Th e cur-
rent proposed sequence for the development of breast cancer involves two dis-
tinct pathways. Low/intermediate-grade DCIS is part of the low-grade/estrogen 
receptor-(ER) positive pathway thought to arise from the ER-expressing luminal 
cells and proliferative precursor lesions such as atypical ductal hyperplasia (ADH) 
before progressing to low-grade invasive carcinoma. In contrast, high-grade DCIS 
is considered part of the high-grade/ER-negative pathway with an unknown pre-
cursor that progresses to high-grade invasive breast cancer.

Figure 4.1 Mammographic magnifi cation view of calcifi cations detected on 
screening mammogram; suspicious calcifi cations with pleomorphic morphology 
and grouped distribution (arrows) are noted; pathology: ductal carcinoma in situ 
(DCIS).
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Low-grade DCIS consists of small, round, monotonous cells, typically grow-
ing in a cribriform, micropapillary, or solid pattern (Figure 4.2). In the cribriform 
pattern, the cells are polarized around punched out (“cookie cutter”) luminal 
spaces evenly distributed throughout the lesion. Th e cells within the intervening 
strands or bridges are arranged regularly or lie at a right angle (“Roman arches”). 
In the micropapillary pattern, cells protrude into the lumens as club-like fronds 
or pseudopapillae lacking fi brovascular cores. True papillary growth pattern with 
fi brovascular cores may occur, as well as free fl oating clusters of polarized cells 
detached from the papillae. In the solid pattern, the involved duct is distended 
by solid growth of the proliferating neoplastic cells. Calcifi cations are frequent. 
 Limited areas of central necrosis may be present.

Intermediate DCIS consists of cells with features intermediate between those of 
low-grade and high-grade DCIS. Calcifi cations are oft en present. Necrosis may or 
may not be seen. Of the three grades, intermediate DCIS has been shown to have 
the least interobserver reproducibility.

High-grade DCIS consists of cells with overt morphologic features of malig-
nancy (Figure 4.3). Th ere is marked nuclear pleomorphism and high nuclear grade 
with prominent nucleoli. Polarization is lost and mitotic fi gures are numerous. 
Extensive necrosis is common; comedo-type necrosis—necrotic debris in a duct 
lumen surrounded by solid growth of viable tumor cells—is considered a defi ning 
feature of comedo DCIS, a subtype of high-grade DCIS commonly associated with 
a mass and most likely to have an associated invasive carcinoma.

Paget disease of the nipple is caused by high-grade DCIS involving the underly-
ing subareolar ducts; these malignant cells creep up into the nipple skin and under-
mine it, causing ulceration. Th e malignant cells in the epidermis, known as Paget 
cells, are large with abundant pale cytoplasm oft en containing mucin, pleomorphic 
nuclei, and prominent nucleoli.

Figure 4.2 Low-grade ductal carcinoma in situ (DCIS), cribriform type, with 
calcifi cations (arrows).
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Unusual variants include apocrine, neuroendocrine, mucinous and signet ring 
cell DCIS, and DCIS with basal-like phenotype (ER/PR/HER2-neu “triple nega-
tive”). Th e same assessment of nuclear grade and necrosis as that of the more usual 
DCIS applies to these variants.

Hormone receptor expression: Th e majority of DCIS, particularly low or inter-
mediate grade, express receptors for estrogen (ER) and progesterone (progester-
one receptor [PR]). Th e American Society of Clinical Oncology (ASCO)/College 
of American Pathologists (CAP) guidelines recommend classifying all cases with 
<1% positive cells as receptor negative. For DCIS with >1% positive cells, the per-
centage of positive cells is reported along with the intensity of staining.

SURGICAL MANAGEMENT OF DUCTAL CARCINOMA IN SITU

Th e surgical management of DCIS is similar to that of early-stage invasive breast 
cancer.

Management of the Breast
Although there are no randomized controlled trials (RCTs) that have compared 
mastectomy to breast conserving surgery (BCS) in patients with DCIS, based on 
the results of clinical trials for early-stage, invasive breast cancer, both of these sur-
gical approaches are accepted for DCIS (see Surgery, Early-Stage Invasive Breast 
Cancer, Chapter 5).

Breast Conserving Surgery
Th e use of BCS for DCIS has increased steadily. A review of patients treated from 
1992 to 1999 demonstrated an increase in the use of BCS over time, and overall 
during this time period 64% of patients were treated with BCS (2). A more recent 
analysis that examined patients treated at diff erent time points from 1991 to 2005 
also demonstrated an increase in the use of BCS for DCIS in more recent years (3).

Figure 4.3 High-grade solid DCIS with central comedo-type necrosis 
(comedocarcinoma). The neoplastic cells are highly atypical, with frequent 
mitoses. Note stromal reaction and infl ammatory infi ltrate around DCIS.
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Patients with biopsy-proven DCIS are considered candidates for BCS if the area 
of involvement can be removed with negative margins and results in acceptable 
cosmesis. BCS is not recommended for patients with DCIS who have diff use malig-
nant appearing or indeterminate calcifi cations in the breast.

PROCEDURE

BCS refers to removal of the area of malignancy in the breast with a margin of 
normal surrounding breast tissue.

Since DCIS is usually a nonpalpable lesion, preoperative wire-guided localiza-
tion via either ultrasound or stereotactic guidance is generally utilized to localize 
the area of abnormality in the breast. Larger areas of calcifi cations in the breast may 
be bracketed with two or more wires. Th e area can then be targeted by the surgeon 
for removal. A specimen radiograph is typically obtained in the operating room to 
confi rm that the appropriate tissue has been removed with a margin.

Shave margins are additional margins that may be taken aft er a lumpectomy is 
performed. Th ese margins may encompass the entire surgical cavity in all direc-
tions or may be selectively taken in certain directions based on gross examination 
of the lumpectomy specimen or review of the specimen radiograph. Th ese margins 
provide pathologists with additional tissue for examination and have been shown 
to decrease the rate of positive margins.

OUTCOMES

 h Long-term survival for patients with DCIS is excellent whether BCS or 
mastectomy is utilized for treatment.

Adjuvant radiation therapy (RT) and endocrine therapy aft er BCS for DCIS have 
both been shown to decrease the risk of ipsilateral (invasive and noninvasive) 
breast tumor recurrence (IBTR).

Th e National Surgical Adjuvant Breast and Bowel Project (NSABP) B-17 trial 
randomized patients with localized DCIS to lumpectomy alone versus lumpectomy 
with adjuvant RT. Eight-year follow-up data from this trial showed that for those 
patients who received adjuvant external radiation therapy (XRT), the incidence of 
noninvasive IBTR was reduced from 13.4% to 8.2% (P = .007), and invasive IBTR 
was reduced from 13.4% to 3.9% (P < .0001) (4). A 15-year follow-up evaluation 
of results from the NSABP B-17 trial and a second trial, NSABP B-24, which ran-
domized patients with localized DCIS to lumpectomy and adjuvant XRT with or 
without adjuvant tamoxifen, showed that invasive IBTR was lowest in patients who 
received adjuvant XRT and tamoxifen aft er lumpectomy. Th e overall prognosis was 
excellent for patients with DCIS regardless of treatment, with breast-cancer-related 
deaths of <5% at 15 years for all treatment groups (5).

MARGINS FOR BCS IN PATIENTS WITH DCIS

 h Studies are inconsistent in their defi nition of negative margins following 
BCS for patients with DCIS; however, based on recent studies, a margin of at 
least 2 mm is recommended.
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A retrospective, single-institution analysis of 469 patients treated for DCIS with 
BCS with or without radiation demonstrated that the likelihood of local recurrence 
(LR) was signifi cantly greater for patients with a margin of <1 mm and that these 
patients benefi tted the most from adjuvant RT. In patients with margins of <1 mm 
who did not receive adjuvant RT, the relative risk (RR) of recurrence was 2.54 
compared to patients who received adjuvant RT (6). Similar results were reported 
from an analysis of patients treated on the European Organisation for Research 
and Treatment of Cancer (EORTC) 10853 trial, which found a hazard ratio (HR) 
of 2.07 for recurrence in patients with involved or close margins <1 mm compared 
to negative margins (7).

A recent meta-analysis of 22 trials that examined risk of recurrence in patients 
with DCIS treated with BCS and adjuvant RT showed that risk of recurrence was 
lower with negative margins compared to close/positive margins. When specifi c 
margin widths were compared, there was a signifi cant diff erence in risk of recur-
rence when comparing margins of at least 5 mm to no tumor on ink or <1-mm 
margins. However, when margins of at least 5 mm were compared to 2-mm mar-
gins, there was no signifi cant diff erence in LR rates (OR = 1.51; 95% CIs [0.51, 
5.04]; P > .05). In addition, when a specifi c threshold margin was examined, a 
2-mm margin was found to be superior to a margin <2 mm (OR = 0.53; 95% CIs 
[0.26, 0.96]; P < .05) (8).

 h Based on these studies, we typically recommend obtaining a margin of at 
least 2 mm in patients with pure DCIS.

Mastectomy
Mastectomy may be considered in all patients with a diagnosis of DCIS. How-
ever, it is usually recommended for patients with a large area of involvement of 
the breast that does not appear to be amenable to BCS. Th is includes patients with 
diff use malignant-appearing or indeterminate calcifi cations in the breast, a large 
area of involvement in the breast relative to breast size, and persistently positive 
margins aft er multiple excisions. It may also be recommended in patients who are 
not candidates for adjuvant RT.

Outcomes
A large meta-analysis of long-term outcomes for treatment of DCIS with mastec-
tomy estimated an LR rate of 2.6% and breast-cancer-related death rate of 2% at 
10 years (9).

SKIN-SPARING MASTECTOMY

Skin-sparing mastectomy (SSM) is a procedure that removes all breast tissue 
including the nipple–areolar complex (NAC) while preserving the skin envelope of 
the breast. Th is improves the cosmetic results from reconstruction. SSM is gener-
ally performed in patients with early-stage breast cancer including DCIS.

Outcomes
A retrospective, single-institution review of 223 patients with DCIS treated with 
SSM and immediate reconstruction with a median follow-up of 82.3 months 
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showed an LR rate of 3.3% (10). In another study that included patients with inva-
sive and noninvasive breast cancer undergoing SSM, 54 patients with DCIS were 
evaluated. Th e median follow-up time for all patients in the study was 119 months, 
with an LR rate of 2% in those patients with DCIS (11). Th erefore, SSM is an 
oncologically safe procedure in appropriately, selected patients with DCIS. Th is 
approach may not be possible in patients with diff use involvement of the breast 
tissue due to diffi  culty obtaining adequate margins.

NIPPLE-SPARING MASTECTOMY

Nipple-sparing mastectomy (NSM) removes all breast tissue and preserves the 
entire skin envelope of the breast including the NAC. Th is procedure may be con-
sidered in patients with DCIS when the DCIS does not involve the NAC. Typically, 
it is recommended that the tumor be at least 1 to 2 cm away from the NAC.

Outcomes
In a small review that examined NSM in 51 patients with DCIS in which 19 patients 
were followed for recurrence, an LR rate of 5.3%, 1/19 patients, was observed (12). 
A similar study that examined LR rates in patients undergoing NSM who were 
treated at the University of California San Francisco and Duke University and 
included 111 patients with DCIS showed an LR rate alone of 1.8%, 2/111 patients, 
and simultaneous local and distant recurrence in 1 patient (0.9%). Th e median 
follow-up in this study was only 28 months (13).

LYMPH NODE EVALUATION

In patients with DCIS, lymph node evaluation using sentinel lymph node biopsy 
(SLNB) is utilized in select cases. Th is includes patients who are undergoing mas-
tectomy, since this precludes subsequent SLNB at a second operation, and physical 
exam or imaging fi ndings that are concerning for invasive cancer, especially the 
presence of a mass lesion, DCIS that encompasses a large area on imaging (≥5 
cm), and multicentric disease. We also perform SLNB for DCIS in cases where the 
location of the surgery may prevent a successful SLNB from being performed at a 
second surgery if invasive disease is identifi ed.

BREAST CONSERVATION FOLLOWED BY RADIATION THERAPY FOR DCIS

Th e role of radiotherapy for patients with DCIS was established with the publica-
tion of four large prospective trials designed to address the eff ectiveness of BCS 
and RT for women with DCIS compared to BCS alone (5,14–16). Th e results of 
all four showed similar fi ndings: the addition of RT resulted in an RR reduc-
tion of ipsilateral breast events (local failure) by 50%. With median follow-up 
intervals now of 13 to 17 years, omission of RT was associated with local failure 
rates of 23% to 35% compared to 10% to 20% in the irradiated arms. Of the 
local failures, approximately half were DCIS and half were invasive breast cancer. 
Despite higher local failure rates in surgery alone arms, survival is excellent and 
breast-cancer-related mortality is not diff erent between arms. Th ese fi ndings are 
summarized in Table 4.1.

Th e Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) performed 
a meta-analysis of the randomized trials and found that radiotherapy reduced the 
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Table 4.1 Randomized Trials Comparing Lumpectomy With and Without Radiation Therapy for DCIS

Trial Patients (n)
Median 

 follow-up (y)
Resection 
 margins

IBE (%) DFS (%)
Breast cancer 
 mortality (%)

No RT RT No RT RT No RT RT

NSABP B-17 813 17.25 21% C/I/NS 35 20 – – 3 5

SweDCIS 1,046 17 10% + / 9% NS 32 20 3  4 4 4

EORTC 10853 1,010 15.8 21% C/I/NS 31 18 9 10 4 5

UKCCCR 1,030 12.7 NTOI 23  9 – – 3 2

EBCTCG Meta-Analysis 3,729 8.9 28 13 – – 4 4

C, close; DFS, disease-free survival; I, involved; IBE, ipsilateral breast event; NS, not stated; NTOI, nontumor on ink, RT, radiation therapy.
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absolute 10-year risk of any ipsilateral breast event (IBE) by 15.2%, an eff ect regard-
less of age at diagnosis, extent of BCS, use of tamoxifen, method of DCIS detec-
tion, margin status, focality, grade, the presence of comedonecrosis, architecture, 
or tumor size (17). Th ey noted that the proportional reduction in ipsilateral breast 
events was greater in older than in younger women but did not signifi cantly diff er 
according to other available factors. However, aft er 10 years of follow-up, there was 
no signifi cant eff ect on breast cancer mortality, mortality from causes other than 
breast cancer, or all-cause mortality, suggesting the eff ectiveness of salvage therapy 
or the long natural history of the disease.

FACTORS PROGNOSTIC FOR RECURRENCE

With the advent of breast screening and the trend for identifi cation of smaller 
lesions, as well as the greater attention paid to surgical margin status (both factors 
associated with lower rates of IBE), there was general sentiment that the historic 
outcomes of BCS alone may not refl ect current standards. Prognostic factors for 
recurrence were thus identifi ed in an eff ort to characterize a population of women 
at suffi  ciently low risk such that radiotherapy could be safely omitted. Th ese factors 
include: age, size, mode of detection, grade, architecture, focality, and margin sta-
tus (5–7,18,19). In the Van Nuys Predictive Index, these factors were consolidated 
into a score, which predicted the risk of relapse aft er lumpectomy with or without 
RT. In unirradiated patients with scores of 4 to 6 there was a 10-year IBE rate of 
only 6% (20). Th ese fi ndings were confi rmed with median follow-up of nearly 11 
years showing a 5% event rate in “low-score” patients (21). Th e relative impact of 
these factors is depicted in Table 4.2.

Additionally, analysis of tumor genetics and molecular phenotype may further 
improve patient selection over classic pathologic and clinical factors. A 12-gene 
DCIS score (Genomic Health, Inc. Redwoods, California) was created from tissue 
samples of 327 patients treated with BCS alone in the ECOG 5194 trial. Patients 
with a low score (≤38) had a 10-year IBE rate of 12% compared to 25% and 27% 
in patients with intermediate (39–54) or high scores (≥55) (22). A study from 
Milan of over 1,100 women treated for DCIS with 10-year follow-up found Ki-67 
labeling index and molecular phenotype to be signifi cantly associated with recur-
rence risk. Five-year IBE rates were 9.4% for tumors with Ki-67 <14%, as com-
pared to 10.3% for Ki-67 14% to 20% and 13% for Ki-67 >20% (23). Th e same 
study found 5-year IBE rates of 9.1%, 10.3%, and 15.3% for luminal A, luminal 
B/HER2-negative, and luminal B/HER2-positive subtypes, respectively. Notably, 
the use of clinical and pathologic factors seems to predict subgroups that have a low 
recurrence rate at a much lower cost.

BREAST CONSERVATION WITHOUT RADIOTHERAPY FOR 

SELECTED PATIENTS

Despite low local failure rates in individuals with favorable prognostic features, the 
EBCTCG meta-analysis still demonstrated an absolute reduction in the 10-year 
risk of IBE of 18.0% (12.1% vs. 30.1%) for women with negative margins and small 
low-grade tumors.

In a more recent SEER analysis of over 108,000 women, among patients who 
underwent BCS, radiotherapy was associated with a 2.4% absolute reduction in the 
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Table 4.2 Prospective Trials Omitting Radiotherapy in Selected Patients With “Low-Risk” DCIS

Trial n Inclusion criteria HT
Median 

age

Median 
tumor size 

(mm) Follow-up (y) IBE
DCIS 

 recurrence
Invasive 

recurrence

ECOG 5194 561 I: Low–intermediate 
grade, ≤2.5 cm, 
margin ≥3 mm

31% 60 6

12.3

14.4% 6.9% 7.5%

104 II: High grade, ≤1 cm, 
margin ≥3 mm

24% 58 7 24.6% 11.2% 13.4%

Dana-Farber 158 Low–intermediate 
grade, ≤2.5 cm, 
margin ≥1 cm

None 51 8 11 16.1% 9.8% 6.3%

RTOG 9804 636 Mammographically 
detected, ECOG 
cohort 1

62% 58 5 7.17 No RT 6.7% 3.9% 2.8%

RT 0.9% 0.45% 0.45%

DCIS, ductal carcinoma in situ; HT, hormonal therapy; IBE, ipsilateral breast event; RT, radiation therapy.



www.manaraa.com

4. MANAGEMENT OF DUCTAL CARCINOMA IN SITU 59

risk of ipsilateral invasive recurrence at 10 years (2.5% vs. 4.9%) (24). Interestingly, 
the risk of dying of breast cancer increased aft er experiencing an ipsilateral invasive 
breast cancer (HR 18.1). However, receipt of radiotherapy aft er BCS was not asso-
ciated with a change in breast-cancer-specifi c mortality at 10 years (0.8% vs. 0.9%).

To answer the question of the clinical implications of BCS alone for patients 
with low-risk DCIS, several prospective trials were designed, which now have 
recently reported long-term follow-up (Table 4.1) (25–27). Paralleling the previ-
ous evidence, survival and breast-cancer-related mortality were excellent. In these 
well-selected women, BCS alone resulted in a 1% to 2% per year rate of IBEs. Th e 
local control rates of these trials are outlined in Table 4.3.

Within the ECOG-ACRIN 5194 trial, additional prognostic factors emerged: 
study cohort (HR 1.84 for cohort 2) and tumor size were both signifi cantly associ-
ated with developing an IBE. Compared to tumors sized 5 mm or less, tumors 6 to 
10 mm were associated with an HR of 1.42 and tumors greater than 10 mm with 
an HR of 2.11 for IBE. Variables not statistically signifi cant were age, menopausal 
status, minimum negative margin width, method of detection, and tamoxifen use.

DECIDING WHEN IT IS SAFE TO WITHHOLD RADIOTHERAPY

In the previously discussed studies of patients with DCIS selected for favorable 
clinical and pathologic characteristics and treated with surgical excision with-
out radiation, the risks of developing an IBE and an invasive IBE increased over 
time without plateau through 12 years of follow-up, confi rming the known risk of 
late LRs. At the same time, RT substantially reduces local failures, but it does not 
impact the risk of metastases or breast cancer mortality.

Th e decision to accept a 1% to 2% per year risk of LR must be individualized 
and weighed against comorbidities, comfort level, and life expectancy (Table 4.2). 
Potential clinical criteria necessary to quote this low event rate include the pres-
ence of all of the following: age older than 40 years; highest nuclear grade 1 or 2; 
maximum extent 2.5 cm or less; and margins greater than 2 mm or no tumor on 
reexcision (Table 4.3) (28).

RADIOTHERAPY OPTIONS

Adjuvant radiotherapy has consisted of tangential irradiation of the whole breast 
delivered over 5 weeks to a total dose of 50 Gy in once-daily fractions of 2 Gy. 
Several alternatives to standard whole breast irradiation (WBI) exist to reduce the 
duration of adjuvant RT, including hypofractionation and accelerated partial breast 
irradiation (APBI). A full discussion of all technical details is beyond the scope of 
this text; however, certain areas of interest are highlighted.

USE OF A BOOST

Th e use of a tumor bed boost (in addition to WBI) as a part of adjuvant radio-
therapy for patients with invasive breast cancer has been found to improve local 
control; however, the role of a boost aft er BCS in patients with DCIS has not been 
addressed in prospective trials.

A meta-analysis of 12 studies including nearly 7,000 patients showed no dif-
ference in the risk of LR between the patients who received boost and no boost in 
the general cohort (29). A reduced risk for LR, however, was found for the use of a 
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Table 4.3 Factors Associated With Increased Risk of Local Recurrence in Prospective Series of BCS Alone

Factor HR Factor HR Factor HR Factor HR Factor HR

Age ≤45 2.14 Nonmammographically 
detected

1.37 Grade NS Comedonecrosis 2.21 Margins 
C/I/NS

2.61

Age ≤40 1.94 Nonmammographically 
detected

1.48 High grade 1.4 Cribriform/Comedo 2 Margins 
C/I/NS

1.69

Multifocality 1.8 – – High grade 1.65 – – Margins 
<4 mm

1.74

USC/Van Nuys Prognostic Index

Age 40–60 2.3 Size 16–40 mm 2.2 Grade II 1.2 Necrosis 1.6 Margin 
1–9 mm

6.4

Age <40 3.2 Size >40 mm 3.3 Grade III 2.2 Margin 
<1 mm

12.1

BCS, breast conserving surgery; C, close; HR, hazard ratio; I, involved; NS, not stated.
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boost in patients with positive margins compared to no boost (OR 0.56). In a multi- 
institutional study included in the meta-analysis, 166 women received radiotherapy 
without a boost (median dose 50 Gy [range 40–60 Gy]) and 150 received radiother-
apy with a boost (60 Gy [53–76 Gy]) (30). Local relapse-free survival at 10 years was 
72% in those given radiotherapy without boost and 86% in those given radiotherapy 
with boost, despite more patients having positive or uncertain margins in the boost 
arm. Compared to radiotherapy without boost, radiotherapy with boost had an HR 
for local failure of 0.45 but no diff erence in overall survival. Th e use of a boost did 
not alter the proportion of invasive to in situ local recurrences (which was ~50:50, 
similar to the proportion in the randomized trials of BCS).

HYPOFRACTIONATION

Hypofractionation is an alternative form of WBI where treatment duration is 
reduced, typically to 3 weeks. A commonly used schedule is 40 to 42.5 Gy deliv-
ered in 15 to 16 treatments, respectively. With over 10 years follow-up in the set-
ting of invasive disease, no diff erences in outcomes or toxicity profi les have been 
noted when compared to standard fractionation in trials from the UK and Canada 
(31,32).

Hypofractionation for DCIS has also been the subject of meta-analysis (29). 
No diff erence was observed in LR rates between patients who received hypofrac-
tionated versus standard radiotherapy, paralleling the long-term data for treatment 
of invasive disease. Similar results have been noted in several studies, and there 
has been increased utilization of hypofractionation for DCIS in the United States 
(33). Refl ecting this change, hypofractionation (42.5 Gy in 16 daily fractions) was 
allowed in the RTOG 9804 randomized study. Th e schedules and results for studies 
of hypofractionation in DCIS are depicted in Table 4.4.

Table 4.4 Evidence for Hypofractionation as Part of Adjuvant 
Radiotherapy for DCIS

Trial n % HF
Follow-up 

(y)
HF 
 schedule

Local 
 failure SF

Local 
 control HF

Ontario 
(34)

1,609 40% 9.2 40–44 Gy 
in 16 Fx

14%* 11%*

British 
 Columbia 
(35)

478 77% 9.3 42.5 Gy in 
16 Fx

– HR 0.5

Princess 
 Margaret 
(36)

266 61% 3.76 42.4 Gy in 
16 Fx

6% 7%

McGill (37) 220 100% 3.75 45 Gy in 
20 Fx/42.5 
Gy in 16 
Fx

– HR 0.15 
(0.02–1.36)

* statistically not signifi cant
DCIS, ductal carcinoma in situ; HF, hypofractionation; HR, hazard ratio; SF, standard 
fractionation.
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ACCELERATED PARTIAL BREAST IRRADIATION

Another alternative to standard WBI is APBI, treating only the area surrounding 
the lumpectomy cavity, typically in 1 week or less. Th ere are many ways to accom-
plish partial breast irradiation, including interstitial, intraoperative, intracavitary 
balloon-based, and external beam techniques. Randomized trials comparing APBI 
with WBI demonstrate equivalent clinical outcomes for selected patients with 
 early-stage invasive disease (38).

Pure DCIS had been a “cautionary” criterion for the use of APBI as recom-
mended by the American Society for Radiation Oncology (ASTRO) consensus 
statement (39); however, the American Brachytherapy Society APBI consensus 
statement now includes DCIS in the acceptable treatment category (40). In the set-
ting of invasive disease, the presence of extensive intraductal component increases 
local failure rates (41). Data are emerging on patients with DCIS treated with APBI. 
With early follow-up, control rates appear acceptable. Results of several retrospec-
tive series are detailed in Table 4.5.

SYSTEMIC THERAPY FOR DCIS

DCIS is considered a localized disease with a very low risk of developing nodal 
or distant metastases and prognosis is excellent. Estrogen and/or progesterone 
receptor expression is high in DCIS (50%–70%) (46). Studies have shown that the 
signifi cantly elevated risk of development of invasive carcinoma aft er diagnosis of 
DCIS persists for up to 25 years (47). Aft er diagnosis of DCIS approximately 50% 
of breast cancer recurrences are invasive rather than noninvasive (48).

Chemotherapy has no role in management of patients with DCIS given the low 
likelihood of metastatic disease. Endocrine therapy is the mainstay of systemic 
treatment for DCIS following completion of surgery and as long as the patient has 
residual breast tissue.

SYSTEMIC ENDOCRINE THERAPY

Defi nition of ER expression in DCIS: Th e 2010 ASCO/CAP guidelines recom-
mend classifying all cases with <1% positive cells by immunohistochemistry (IHC) 

Table 4.5 The Evidence for APBI as Adjuvant Radiotherapy for DCIS

Trial n
Follow-up 

(y)
Median patient 
 characteristics

Local 
failure

MammoSite 
Registry (42)

194 4.5 Age 62, size 8 mm, 
 negative margins 88%

3.39%

ASTRO 
 Cautionary (43)

 46 3 17% age 50–59, 30% 
close margins

none

Georgia (44) 126 2 Age 59, 52% high grade, 
size 6 mm

2.4%

Promis (45) 240 6.9 HR (IDC vs. DCIS) 0.57 [0.3–1.09, 
P = .09]

APBI, accelerated partial breast irradiation; DCIS, ductal carcinoma in situ; HR, hazard 
ratio; IDC, invasive ductal carcinoma.
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as receptor negative. For DCIS with >1% positive cells, the percentage of positive 
cells is reported along with the intensity of staining.

ER-positive DCIS: Th at is completely excised, but where the patient has not had 
bilateral mastectomy and has residual breast tissue. We recommend chemoprevention 
with tamoxifen 20 mg daily for 5 years for premenopausal women and either tamox-
ifen 20 mg daily or anastrozole 1 mg daily for 5 years for postmenopausal women.

ER-negative DCIS: We do not routinely recommend chemoprevention with 
tamoxifen or an aromatase inhibitor such as anastrozole, although some women 
may still choose to take either of these agents to prevent subsequent ER-positive 
invasive or noninvasive breast cancers.

DCIS and BRCA1 or 2 mutation: Th e role and benefi t of tamoxifen or aro-
matase inhibitors for chemoprevention for women with BRCA1 and 2 mutations 
and DCIS is largely unknown but it is likely similar to women without these muta-
tions as long as other criteria for endocrine treatment are met as discussed previ-
ously. When these situations arise and the patient is not interested in prophylactic 
mastectomy surgery, we recommend chemoprevention with tamoxifen or anastro-
zole as long as other criteria for treatment are met (ER-positivity).

SYSTEMIC CHEMOPREVENTION TRIALS

RCTs have been conducted to investigate the benefi t of tamoxifen or anastrozole 
aft er local treatments for DCIS.

Tamoxifen, a selective estrogen receptor modulator (SERM), is a nonsteroidal 
agent that has demonstrated potent antiestrogenic properties in animal test systems. 
Th e antiestrogenic eff ect is thought to be related to its ability to compete with estro-
gen for binding sites in target tissues such as the breast. Tamoxifen is Food and Drug 
Administration (FDA) approved at a dose of 20 mg daily for 5 years for prevention 
of invasive breast cancer recurrences in women with DCIS (FDA package insert).

Anastrozole is a triazole and type 2 nonsteroidal inhibitor of the aromatase 
enzyme; it binds reversibly to the enzyme substrate binding site and prevents the 
azole nitrogen’s interaction with the heme prosthetic group, allowing for exquisite 
potency for the binding site and specifi city against the aromatase enzyme (49). 
Dr. Angela Brodie and collaborators established a tumor model in nude mice to 
simulate several aspects of the postmenopausal breast cancer patient (50). Th ese 
studies showed that aromatase inhibitors are more eff ective than tamoxifen at 
reducing tumor volume and that the combination of an aromatase inhibitor plus 
tamoxifen did not improve the antiproliferative results obtained with the aromatase 
inhibitor alone. Th is was later substantiated clinically in the Arimidex, Tamoxifen, 
Alone or in Combination (ATAC) adjuvant clinical trial.

DCIS CHEMOPREVENTION TRIALS

National Surgical Adjuvant Breast and Bowel Project B-24
Th is was a double-blind, randomized trial of tamoxifen versus placebo in women 
with DCIS following treatment with lumpectomy and RT. Th e primary objective 
was to determine if 5 years of tamoxifen (20 mg/day) would reduce the incidence 
of invasive breast cancer in the ipsilateral or contralateral breast; 1,804 women were 
randomized to either tamoxifen 10 mg twice daily (N = 902) or placebo (N = 902) 
treatment for 5 years.
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RESULTS

At 5-year follow-up, 83.3% (95% CIs [80.8, 85.8]) of patients who received placebo 
were event-free compared to 87.4% (85.1–89.6) of tamoxifen-treated patients and 
there was no diff erence in survival (51); with a median follow-up of 74 months, the 
incidence of invasive breast cancer was reduced by 43% among women assigned to 
tamoxifen versus placebo (44 cases vs. 74 cases); P = .004; RR = 0.57, 95% CIs [0.39, 
0.84]). Th e risk of developing ipsilateral or contralateral DCIS was also reduced 
with 5 years of tamoxifen prevention.

ADVERSE EVENTS

Th e overall frequency of side eff ects was similar between the groups and 62.8% 
of placebo and 57.1% of tamoxifen patients reported no adverse events. Grade 4 
toxic eff ects not usually associated with tamoxifen occurred with similar rates in 
the two groups. Th ere was an increase in the rate of endometrial cancer in tamoxi-
fen-treated patients (1.53 vs. 0.45 per 1,000 patients per year in the placebo group). 
No deaths from endometrial cancer occurred in the tamoxifen group. Th e rates 
of phlebitis/thromboembolism were low overall; deep venous thrombosis (DVT) 
0.2% in placebo versus 1% in tamoxifen group and nonfatal pulmonary embolism, 
1 case in placebo versus 2 in tamoxifen. No strokes were seen in the two treatment 
groups. Hot fl ashes occurred in both groups, placebo—N = 525 (59.0%) versus 
tamoxifen—N = 620 (69.6%) (51).

UK/ANZ DCIS Trial
Th is trial had a 2 × 2 factorial design, and 1,701 women were randomly assigned 
to radiation + tamoxifen, radiation alone, tamoxifen alone, or to no adjuvant 
 treatment.

RESULTS

Aft er a median follow-up of 12.7 years (IQR 10.9–14.7), 376 (163 invasive [122 
ipsilateral vs. 39 contralateral], 197 DCIS [174 ipsilateral vs. 17 contralateral], and 
16 of unknown invasiveness or laterality) breast cancers were diagnosed. Radia-
tion reduced the incidence of all new breast events (HR 0.41; P < .0001), reducing 
the incidence of ipsilateral invasive disease (0.32; P < .0001) as well as ipsilateral 
DCIS (0.38; P < .0001). Tamoxifen reduced the incidence of all new breast events 
(HR 0.71; P = .002), reducing recurrent ipsilateral DCIS (0.70; P = .03) and con-
tralateral tumors (0.44; P = .005), but had no eff ect on ipsilateral invasive disease 
(0.95; P = .8). Data on adverse events except cause of death was not collected for 
this trial (16).

A systematic review and meta-analysis of postoperative tamoxifen following 
surgical resection of DCIS using a fi xed eff ect model was done (52).

Data on local DCIS recurrence, new invasive breast cancer, distant disease, 
mortality, and adverse eff ects were extracted from RCTs comparing tamoxifen aft er 
surgery for DCIS (regardless of ER status), with or without adjuvant radiotherapy; 
2 RCTs (16,51) were included. Tamoxifen aft er surgery for DCIS reduced recur-
rence of ipsilateral DCIS (HR 0.75; 95% CIs [0.61, 0.92]) and contralateral DCIS 
(RR 0.50; 95% CIs [0.28, 0.87]). Contralateral invasive breast cancer was reduced 
(RR 0.57; 95% CIs [0.39, 0.83]), and there was a trend toward decreased ipsilateral 
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invasive breast cancer (HR 0.79; 95% CIs [0.62, 1.01]). Th e number needed to treat 
in order for tamoxifen to have a protective eff ect against all breast events is 15. 
Th ere was no evidence of a diff erence in all-cause mortality (RR  1.11; 95% CIs 
[0.89, 1.39]).

Aromatase Inhibitors Versus Tamoxifen
IBIS-II DCIS- was a double-blind, multicenter, randomized placebo-controlled 
trial. Women with locally excised, hormone-receptor-positive DCIS were eligible 
and randomly assigned in a 1:1 ratio to receive anastrozole 1 mg daily or tamox-
ifen 20 mg daily for 5 years. Th e primary end point was all recurrence, including 
recurrent DCIS and new contralateral tumors; 2,980 postmenopausal women from 
14 countries were randomly assigned to receive anastrozole (1,449 analyzed) or 
tamoxifen (1,489 analyzed) (53).

RESULTS

With a median follow-up of 7.2 years (IQR 5.6–8.9), 144 breast cancer recur-
rences were seen, there was a statistically signifi cant difference in overall recur-
rence (67 recurrences for anastrozole vs. 77 for tamoxifen; HR 0.89; 95% CIs 
[0.64, 1.23]). Anastrozole treatment was noninferior but not superior to tamox-
ifen (upper 95% CI <1.25). Th ere was no diff erence in deaths between the two 
treatment groups (53).

ADVERSE EVENTS

Th e number of any adverse events was similar between anastrozole (1,323 women, 
91%) and tamoxifen (1,379 women, 93%). As expected, the side-effect profi les of 
the two drugs were different. More fractures, musculoskeletal events, hypercholes-
terolemia, and strokes were observed with anastrozole, while more muscle spasm, 
gynecological cancers and symptoms, vasomotor symptoms, and deep vein throm-
boses were observed with tamoxifen (53).

National Surgical Adjuvant Breast and Bowel Project B-35
Postmenopausal women with hormone positive DCIS treated by lumpectomy with 
clear resection margins and WBI were enrolled and randomly assigned (1:1) to 
receive tamoxifen 20 mg per day (with matching placebo) or anastrozole 1 mg 
per day (with matching placebo) for 5 years. Randomization was stratifi ed by age 
(<60 vs. ≥60 years). Th e primary outcome was breast-cancer-free interval, defi ned 
as time from randomization to any breast cancer event (local, regional, or distant 
recurrence, or contralateral breast cancer, invasive disease, or DCIS), analyzed by 
intention to treat (54).

RESULTS

In total, 3,104 women were randomized to the two treatment groups (1,552—
tamoxifen and 1,552—anastrozole); with median follow-up of 9 years (IQR 8.2–
10.0); 212 breast-cancer-free interval events occurred: 122 in the tamoxifen group 
and 90 in the anastrozole group (HR 0.73, 95% CIs [0.56, 0.96]; P = .0234). Th ere 
was also a signifi cant interaction between treatment and age group (P = .0379), 
showing that anastrozole was superior only in postmenopausal women younger 
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than 60 years of age. In this trial, compared to tamoxifen, anastrozole treatment 
provided a signifi cant improvement in breast-cancer-free interval, mainly in 
women younger than 60 years of age (54).

ADVERSE EVENTS

Adverse events were similar between anastrozole and tamoxifen, except for throm-
bosis or embolism; 17 grade 4/5 events in the tamoxifen versus 4 in the anastrozole 
group were noted.

 h MANAGEMENT PEARLS

Surgery
Patients with DCIS may be treated with BCS or mastectomy with excellent 
long-term survival. A 2-mm margin is currently recommended in patients 
with pure DCIS undergoing BCS.

Radiation
Following BCS for DCIS, adjuvant radiotherapy reduces the risk of IBE 
by ~50%, an eff ect independent of prognostic factors. Approximately half 
of local failures are DCIS and half are invasive breast cancer. Survival and 
breast-cancer-related mortality are not aff ected by local failure rates in ran-
domized trials. For well-selected patients, BCS alone results in LR rates of 
1% to 2% per year. Th ese rates do not plateau through 12 years of follow-up.

Systemic Therapy
Unless bilateral mastectomy is done, for patients with completely excised 
ER-positive DCIS, we recommend tamoxifen 20 mg daily for 5 years if pre-
menopausal and anastrozole 1 mg daily or tamoxifen 20 mg daily for 5 years 
if postmenopausal.
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EPIDEMIOLOGY/GENERAL CHARACTERISTICS

In the United States, one in eight women will develop breast cancer (BC) in 
their lifetime. In 2015, 231,840 new cases of invasive breast carcinoma were 
diagnosed, representing 14% of all new cancer cases (1). While rates for new 
BC cases have been stable over the last 10 years, death rates have been falling on 
average 1.9% each year. Still, approximately 40,000 BC-related deaths occur in 
the United States annually (1). Early-stage presentation is most common in this 
country due to screening, with 61% of women presenting with localized (con-
fi ned to the primary site) BC and an additional 32% with regional (spread to 
regional lymph nodes) BC (1). Five-year survival is excellent following standard 
treatments for patients with localized (98.6%) and regional (84.9%) involvement 
at presentation (1). With more extensive local–regional involvement, such as 
skin, chest wall, or internal mammary and supraclavicular lymph nodes, out-
comes are signifi cantly worse.

Risk Factors for Breast Cancer
Risks include personal history of breast disease, family history of BC, hormonal 
exposures, and life exposures. Specifi cs are contained in Box 5.1.

Symptoms and Signs
In the United States nearly 60% of patients with early-stage BC present due to an 
abnormal screening mammogram. Th e other 40% present with a palpable breast 
mass, change in breast contour, or nipple discharge (26,27). Only 2% to 7% of 
patients with a malignant mass initially present with breast pain (28).  Physical 
exam fi ndings concerning for malignancy include: a hard, irregular, or  nodular 
breast lump; skin tethering; nipple inversion; dilated veins; ulceration; peau 
 d’orange; and nipple changes (inversion or excoriation). Metastatic BC can spread 
to the bones, liver, lungs, brain, and other organs (29). Th e route of spread for BC is 
via local lymphatic channels and hematogenous. A thorough history and physical 
exam looking for signs and symptoms of metastatic disease is warranted in anyone 
with a concerning breast mass.

5
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Box 5.1 Risks for Breast Cancer Include Both Modifi able and 
Nonmodifi able Factors 

Nonmodifi able Factors Th at Increase Risk of Breast Cancer

• Known genetic mutation (for details, see Chapter 9)
• Gender—100:1 female:male incidence BC (1)
• Age—age <50, risk 1:53; age >70 to death, risk 1:15 (1)
• Personal history of breast disease

 Dense breast—4–5 × risk BC vs. women with less dense tissue (2,3)
 Atypical ductal hyperplasia—up to 30% risk of BC at 25 years (4)
 LCIS—1% risk of invasive disease per year; RR 2–8 depending on study 

(5–7)
 DCIS—at 20 years, 6.2% risk of invasive disease, higher with younger 

age at diagnosis (8)
 Invasive BC—4% risk of contralateral BC at 7.5 years (9)

• Family history
 Age of fi rst degree relative diagnosis—RR 2.1 for mother diagnosed 

before age 40 (95% CIs [1.6, 2.8]) as opposed to 1.5 aft er age 70 
(95% CIs [1.1, 2.2]) (10)

 Number of fi rst degree relatives—the risk ratios were 1.80, 2.93, and 
3.90, respectively, for one, two, and three or more aff ected fi rst degree 
relatives (P < .0001 each) (11)

• Hormonal factors
 Age of menarche—menarche at age ≥15 vs. <13%–24% decreased 

ER/PR+ BC and 16% decreased HR− BC (HR 0.76, 95% CIs [0.68, 
0.85] and HR 0.84, CIs [0.69, 1.03]) (12)

 Null parity and increasing age at childbirth associated with increased 
risk—cumulative incidence up to age 70 years was about 20% lower, 
10% lower, or 5% higher for parous vs. nulliparous women if their fi rst 
birth was at age 20, 25, or 35 years, respectively (13,14)

Modifi able—Lifestyle Risk Factors Th at Increase BC Risk

• Postmenopausal long hormone replacement therapy term (>3 y) (15)
• Alcohol consumption—dose response starting at three drinks per week: 

RR 1.15 (95% CIs [1.06, 1.24]) (16)
• Weight gain—NHS gains of 25.0 kg since age 18: RR 1.45 (95% CIs [1.27, 

1.66]; P < .001) and 10 kg since menopause: RR 1.18 (95% CIs [1.03, 1.35]; 
P = .002) (17)

• IGF-1 and endogenous insulin levels—IGF-1 concentration of highest 
versus the lowest fi ft h OR 1.28 (95% CIs [1.14, 1.44]; P < .0001) (18,19)

• Postmenopausal obesity although premenopausal obesity NOT associated 
(20)

• Chest radiation exposure—highest risk with adolescence exposure: RR 
15–25; each Gray unit received by any breast increased the excess relative 
risk of BC by 0.13 (21,22)

(continued)
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Diagnosis and Workup of Breast Cancer
As discussed in Chapter 1, the majority of patients can be diagnosed utilizing non-
surgical image-guided breast and axillary biopsies. In most cases, image-guided 
core needle biopsy (CNB) provides tissue to confi rm the diagnosis of noninvasive 
or invasive BC and to obtain tissue markers, estrogen receptor (ER), progesterone 
receptor (PR), human epidermal growth factor receptor 2 (HER2)/neu expression, 
and Ki-67 by immunohistochemical (IHC) stains.

 h We recommend that all patients with clinically or mammographically sus-
picious breast abnormalities be assessed with nonsurgical core needle biopsy 
approaches fi rst before surgical excision for diagnosis.

Multidisciplinary evaluation of every patient at the time of diagnosis is stan-
dard. We review the pathology slides and imaging studies with a team, which 
includes specialists in breast imaging, pathology, breast surgical oncology, radi-
ation oncology, medical oncology, and genetic counseling. Our nurse navigator, 
research nurses, and nurse coordinators are also present during our multidisci-
plinary conference and clinic to assist the patient and providers and ensure seam-
less and comprehensive care.

Pretreatment workup should include a full history and physical examination 
with discussion of symptoms (bone pains, breathing problems, nausea, abdominal 
pains, and headaches) and bilateral breast exam and examination of the regional 
nodal basins (axillary, infraclavicular, supraclavicular, and cervical).

Initial laboratory tests include a complete blood count (CBC) and comprehen-
sive metabolic panel (CMP), which include liver function and alkaline phosphatase.

Local/regional staging: We recommend additional imaging of the axilla and 
biopsy of abnormal lymph nodes. Th is approach is helpful in determining the 
extent and type of axillary surgery. Women who have biopsy-proven positive axil-
lary lymph nodes are usually recommended a level 1 and 2 lymph node dissection 
as opposed to a sentinel lymph node biopsy (SLNB).

Systemic imaging of clinically asymptomatic patients with presumed stage 
1 and 2 disease is NOT necessary and we recommend against routine systemic 
imaging (30). In our practice, patients with stage 3 BC undergo staging with CT 

Box 5.1 Risks for Breast Cancer Include Both Modifi able and 
Nonmodifi able Factors (continued)

Modifi able Risk Factors Th at Decrease BC Risk

• Exercise—regular physical exercise reduced the risk of BC by 25%, espe-
cially among postmenopausal women: reduced serum estrogens, insulin, 
and IGF-1 levels (23)

• Breastfeeding—for every 12 months of breastfeeding, there was a 4.3% reduc-
tion in the relative risk of BC although data confounded by parity (24,25)

BC, breast cancer; DCIS, ductal carcinoma in situ; ER/PR, hormone receptors, 
 estrogen-ER, progesterone-PR; HR, hazard ratio; IGF-1, insulin growth factor-1; LCIS, 
lobular carcinoma in situ; NHS, Nurses’ Health Study; RR,  relative risk. 
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of chest/abdomen/pelvis with intravenous contrast and bone scan or a fl udeoxy-
glucose (FDG) PET/CT to rule out distant metastasis. Additional systemic imag-
ing is considered based on clinical symptoms. For instance, if new headaches or 
neurologic symptoms are present, a contrast-enhanced CT or MRI of the brain 
should be performed to rule out intracranial involvement. In patients with new 
back pain and/or unilateral leg weakness or urinary/fecal incontinence, additional 
contrast-enhanced imaging (preferably MRI) of the entire spine should be done to 
rule out spinal cord involvement.

Psychosocial assessment of patients’ comorbidities, social situation, family sup-
port, fi nancial concerns, and ability to understand the risks and benefi ts of the treat-
ment should be assessed at this initial evaluation. Th ese variables should factor into 
the recommended surgery and adjuvant treatments. We encourage family and friends 
to be present during our multidisciplinary consultations. In addition, we work closely 
with American Cancer Society (ACS) certifi ed patient advocates who oft en sit in on 
the consultations and help patients to understand the proposed treatments.

General Staging
Currently, staging is based on the seventh edition of the American Joint Com-
mission on Cancer (AJCC) Tumor, Nodes, Metastasis (TNM) staging system 
(Tables 5.1 and 5.2).

Clinical staging includes tumor size and lymph node assessment by clinical 
breast exam and breast/systemic imaging.

Pathological staging is the assessment of tumor size and locoregional lymph 
node involvement by the pathologist aft er breast surgery is completed.

Neoadjuvant systemic therapy staging: Patients who are off ered systemic treat-
ment before surgery will have clinical staging prior to therapy and pathologic 
response aft er neoadjuvant therapy, designated as ypTNM.

AJCC Staging—TNM

Table 5.1 TNM Classifi cation for Breast Cancer

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

Tis (DCIS) Ductal carcinoma in situ

Tis (LCIS) Lobular carcinoma in situ

Tis (Paget) Paget disease of the nipple NOT associated with invasive 
 carcinoma and/or carcinoma in situ (DCIS and/or LCIS) in 
the underlying breast parenchyma. Carcinomas in the breast 
 parenchyma associated with Paget disease are categorized 
based on the size and characteristics of the parenchymal disease, 
although the presence of Paget disease should still be noted

(continued )

(text continues on page 80)
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Table 5.1 TNM Classifi cation for Breast Cancer (continued )

T1 Tumor ≤20 mm in greatest dimension

T1mi Tumor ≤1 mm in greatest dimension

T1a Tumor >1 mm but ≤5 mm in greatest dimension

T1b Tumor >5 mm but ≤10 mm in greatest dimension

T1c Tumor >10 mm but ≤20 mm in greatest dimension

T2 Tumor >20 mm but ≤50 mm in greatest dimension

T3 Tumor >50 mm in greatest dimension

T4 Tumor of any size with direct extension to the chest wall and/or to 
the skin (ulceration or skin nodules)

T4a Extension to chest wall, not including only pectoralis muscle 
adherence/invasion

T4b Ulceration and/or ipsilateral satellite nodules and/or edema 
(including peau d’orange) of the skin, which do not meet the 
criteria for infl ammatory carcinoma

T4c Both T4a and T4b

T4d Infl ammatory carcinoma

Regional lymph nodes (N)

Clinical

NX Regional lymph nodes cannot be assessed (eg, previously removed)

N0 No regional lymph node metastasis

N1 Metastasis to movable ipsilateral level I, II axillary lymph node(s)

N2 Metastases in ipsilateral level I, II axillary lymph nodes that are 
clinically fi xed or matted or in clinically detected* ipsilateral 
 internal mammary nodes in the absence of clinically evident 
axillary lymph node metastasis

N2a Metastases in ipsilateral level I, II axillary lymph nodes fi xed to 
one another (matted) or to other structures

N2b Metastases only in clinically detected* ipsilateral internal 
 mammary nodes and in the absence of clinically evident level I, II 
axillary lymph node metastases

N3 Metastases in ipsilateral infraclavicular (level III axillary) lymph 
node(s), with or without level I, II axillary node involvement, or in 
clinically detected* ipsilateral internal mammary lymph node(s) 
and in the presence of clinically evident level I, II axillary lymph 
node metastasis; or metastasis in ipsilateral supraclavicular 
lymph node(s), with or without axillary or internal mammary lymph 
node involvement

N3a Metastasis in ipsilateral infraclavicular lymph node(s)

(continued )
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Table 5.1 TNM Classifi cation for Breast Cancer (continued )

N3b Metastasis in ipsilateral internal mammary lymph node(s) and 
axillary lymph node(s)

N3c Metastasis in ipsilateral supraclavicular lymph node(s)

*“Clinically detected” is defi ned as detected by imaging studies (excluding 
lymphoscintigraphy) or by clinical examination and having characteristics highly 
suspicious for malignancy or a presumed pathologic macrometastasis on the 
basis of fi ne needle aspiration (FNA) biopsy with cytologic examination.

Pathologic (pN)*

pNX Regional lymph nodes cannot be assessed (eg, previously 
removed, or not removed for pathologic study)

pN0 No regional lymph node metastasis identifi ed histologically. Note: 
Isolated tumor cell clusters (ITCs) are defi ned as small clusters of 
cells ≤0.2 mm, or single tumor cells, or a cluster of <200 cells in a 
single histologic cross-section; ITCs may be detected by routine 
histology or by immunohistochemical (IHC) methods; nodes 
containing only ITCs are excluded from the total positive node 
count for purposes of N classifi cation but should be included in 
the total number of nodes evaluated

pN0(i−) No regional lymph node metastases histologically, negative IHC

pN0(i+) Malignant cells in regional lymph node(s) ≤0.2 mm (detected by 
hematoxylin–eosin [H&E] stain or IHC, including ITC)

pN0(mol−) No regional lymph node metastases histologically, negative 
molecular fi ndings (reverse transcriptase polymerase chain 
 reaction [RT-PCR])

pN0(mol+) Positive molecular fi ndings (RT-PCR) but no regional lymph node 
metastases detected by histology or IHC

pN1 Micrometastases; or metastases in 1–3 axillary lymph nodes 
and/or in internal mammary nodes, with metastases detected by 
sentinel lymph node biopsy but not clinically detected†

pN1mi Micrometastases (>0.2 mm and/or >200 cells, but none >2.0 mm)

pN1a Metastases in 1–3 axillary lymph nodes (at least 1 metastasis 
>2.0 mm)

pN1b Metastases in internal mammary nodes, with micrometastases 
or macrometastases detected by sentinel lymph node biopsy but 
not clinically detected†

pN1c Metastases in 1–3 axillary lymph nodes and in internal mammary 
lymph nodes, with micrometastases or macrometastases detected 
by sentinel lymph node biopsy but not clinically detected†

pN2 Metastases in 4–9 axillary lymph nodes or in clinically detected‡ 
internal mammary lymph nodes in the absence of axillary lymph 
node metastases

(continued )
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Table 5.1 TNM Classifi cation for Breast Cancer (continued )

pN2a Metastases in 4–9 axillary lymph nodes (at least 1 tumor deposit 
>2.0 mm)

pN2b Metastases in clinically detected‡ internal mammary lymph nodes 
in the absence of axillary lymph node metastases

pN3 Metastases in ≥10 axillary lymph nodes; or in infraclavicular 
(level III axillary) lymph nodes; or in clinically detected‡ ipsilateral 
internal mammary lymph nodes in the presence of ≥1 positive 
level I, II axillary lymph nodes; or in >3 axillary lymph nodes and 
in internal mammary lymph nodes, with micrometastases or mac-
rometastases detected by sentinel lymph node biopsy but not 
clinically detected†; or in ipsilateral supraclavicular lymph nodes

pN3a Metastases in ≥10 axillary lymph nodes (at least 1 tumor deposit 
>2.0 mm); or metastases to the infraclavicular (level III axillary 
lymph) nodes

pN3b Metastases in clinically detected‡ ipsilateral internal mammary 
lymph nodes in the presence of ≥1 positive axillary lymph nodes; 
or in >3 axillary lymph nodes and in internal mammary lymph 
nodes, with micrometastases or macrometastases detected by 
sentinel lymph node biopsy but not clinically detected†

pN3c Metastases in ipsilateral supraclavicular lymph nodes

*Classifi cation is based on axillary lymph node dissection, with or without 
sentinel lymph node biopsy. Classifi cation based solely on sentinel lymph node 
biopsy without subsequent axillary lymph node dissection is designated (sn) for 
“sentinel node”—for example, pN0(sn).
†“Not clinically detected” is defi ned as not detected by imaging studies (exclud-
ing lymphoscintigraphy) or not detected by clinical examination.
‡“Clinically detected” is defi ned as detected by imaging studies (excluding 
lymphoscintigraphy) or by clinical examination and having characteristics highly 
suspicious for malignancy or a presumed pathologic macrometastasis on the 
basis of FNA biopsy with cytologic examination.

Distant metastasis (M)

M0 No clinical or radiographic evidence of distant metastasis

cM0(i+) No clinical or radiographic evidence of distant metastases, but 
deposits of molecularly or microscopically detected tumor cells in 
circulating blood, bone marrow, or other nonregional nodal tissue 
that are no larger than 0.2 mm in a patient without symptoms or 
signs of metastases

M1 Distant detectable metastases as determined by classic clinical 
and radiographic means and/or histologically proven >0.2 mm

TNM, tumor, nodes, metastasis.

Source: Used with permission of the American Joint Committee on Cancer (AJCC), 
 Chicago, Illinois. From Ref. (31). Edge S, Byrd DR, Compton CC, et al. AJCC Cancer Stag-
ing Handbook: From the AJCC Cancer Staging Manual. 7th ed. New York, NY: Springer 
Science + Business Media; 2010.
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Table 5.2 TNM Anatomic Stages/Prognostic Groups

Stage T N M

0 Tis N0 M0

IA T1 N0 M0

IB T0 N1mi M0

T1 N1mi M0

IIA T0 N1 M0

T1 N1 M0

T2 N0 M0

IIB T2 N1 M0

T3 N0 M0

IIIA T0 N2 M0

T1 N2 M0

T2 N2 M0

T3 N1 M0

T3 N2 M0

IIIB T4 N0 M0

T4 N1 M0

T4 N2 M0

IIIC Any T N3 M0

IV Any T Any N M1

TNM, tumor, nodes, metastasis.

Source: Used with permission of the American Joint Committee on Cancer (AJCC),  Chicago, 
Illinois. From Ref. (31). Edge S, Byrd DR, Compton CC, et al. AJCC Cancer Staging Hand-
book: From the AJCC Cancer Staging Manual. 7th ed. New York, NY: Springer Science + 
Business Media; 2010.

PATHOLOGY

Invasive breast carcinomas are the most common type of breast malignancy. 
Th e pathologic evaluation of these tumors includes the determination of multi-
ple important prognostic and predictive factors. Most powerful among these are 
pathologic tumor stage (tumor size, lymph node status) (32,33), histologic type, 
histologic grade, lymphatic vascular space invasion, margin status, and the results 
of prognostic/predictive marker analysis.

Pathologic Tumor Stage
Pathologic staging is the gold standard and consists of tumor–lymph node– 
metastasis (TNM) components. Tumor size (T) is measured both grossly and micro-
scopically; microscopic tumor size is most accurate. T1 tumors are ≤20 mm, T2 
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tumors are >20 mm but ≤50 mm, and T3 tumors are >50 mm in greatest  dimension. 
T4 tumor stage is reserved for tumors of any size that exhibit direct  extension into 
the chest wall and/or skin. Staging of tumors is extremely important for prognosis, 
and studies have shown a direct relationship between the size of breast tumors, the 
frequency of axillary nodal involvement, and patient survival (32).

Nodal status is a powerful prognostic factor (33). Nodal stage (N) increases with 
the number of involved axillary lymph nodes. A tumor is stage N1a when 1 to 3 axil-
lary lymph nodes are involved, N2a when 4 to 9 axillary lymph nodes are involved, 
and N3a when 10 or more axillary lymph nodes are involved. Isolated tumor cells, 
which are malignant cells in regional lymph node(s) ≤0.2 mm, are referred to a N0 
(i+). Micrometastasis are 0.2 mm to 2 mm and are designated as N1mic (Table 5.1). 
Isolated tumor cells in lymph nodes behave similar to node-negative cancers (34,35).

Histologic Types of Invasive Breast Carcinoma
BC, like many other malignancies, is oft en viewed as a single pathological entity, 
but in fact, this disease encompasses numerous histologic types. Th e histologic 
type imparts unique features to BC and oft en determines its behavior and impacts 
management. According to the World Health Organization (WHO) classifi ca-
tion, there are up to 21 distinct histological types on the basis of cell morphology, 
growth, and architecture pattern. Th e most common and clinically signifi cant 
histologic types of BC are invasive ductal carcinoma (IDC), lobular carcinoma, 
medullary carcinoma, mucinous carcinoma, tubular carcinoma, micropapillary 
carcinoma, and metaplastic carcinoma.

Invasive Ductal Carcinoma
IDC, sometimes referred to as invasive carcinoma of no special type, comprises 70% 
to 80% of breast carcinomas (Figure 5.1). If an IDC is well diff erentiated (histo-
logic grade 1), the cells resemble cells lining normal breast ducts and lobules. Th ese 
tumors typically form cohesive cell nests, which can mimic the architecture of nor-
mal breast tissue, forming glands and tubules. Typical gross appearance of IDC is 
that of a stellate fi rm mass with a fi brotic center. When IDC metastasize, they spread 
most frequently to the lymph nodes, liver, and central nervous system (36).

Figure 5.1 Invasive ductal carcinoma associated with ductal carcinoma in situ 
(lower right).
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Invasive Lobular Carcinoma (ILC)
Invasive lobular carcinoma (ILC) accounts for approximately 10% of BC. Despite 
the implication of their name, lobular carcinomas arise from the same terminal 
duct/lobular cells as IDCs (Figure 5.2). Th e defi ning characteristic of lobular car-
cinomas is their loss of expression of intercellular adhesion protein E-cadherin 
(Figure 5.3), which can be confi rmed with the aid of IHC stain. Although the 
prognosis of this histological type is similar to that of IDC, its clinicopathologic 
features diff er considerably. Unlike IDC, lobular carcinoma cells infi ltrate the 
surrounding tissue diff usely, by single cells, fi les, or in sheets (37). Th is diff use 
pattern of infi ltration makes early detection more diffi  cult, as the cancer may not 
be visible on imaging or palpable on physical exam (38). Lobular carcinomas are 
more frequently multifocal (MF) and bilateral. MRI of the breast will oft en be 
performed to fully evaluate the extent of ILC given its underestimation on mam-
mography. ILC may be more challenging to remove by breast conserving surgery 
(BCS) as it is oft en more extensive than expected. ILC will more frequently have 
positive surgical margins than ductal carcinomas (39). In addition, lobular car-
cinomas are more likely than ductal carcinomas to spread to the gastrointestinal 
organs, gynecologic organs, peritoneum, and meninges (36).

Pleomorphic lobular carcinoma is a very rare and aggressive variant of lob-
ular carcinoma (accounting for <1% of all invasive mammary carcinomas) that 
frequently presents with lymphovascular invasion and at advanced stage (40). Th e 
growth pattern of this tumor is identical to that seen in classical lobular carcinoma 
but the pleomorphic variant is composed of cells with more evidence of nuclear 
atypia and pleomorphism. HER2 is overexpressed in up to 30% of the cases of 
pleomorphic lobular carcinoma metastasis (40).

Figure 5.2 Invasive lobular carcinoma. The tumor cells are very small and bland, 
and infi ltrate as single cells and cell fi les.
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Other Histological Types
Medullary carcinomas account for 1% to 7% of BC. Th e tumors usually present 
as a discrete lobulated mass (41). Th e tumors are well circumscribed and exhibit 
overtly malignant morphology and high degree of cytologic atypia and mitotic 
activity. Th e histologic grade of these tumors is always high. Notably, medullary 
carcinomas are oft en infi ltrated with immune cells, such as lymphocytes and 
plasma cells. Th ese features must be present in the entire tumor for the diagnosis of 
classical medullary carcinoma. Cases that do not fulfi ll all these criteria are defi ned 
as atypical medullary carcinoma or carcinoma with medullary features. Medullary 
carcinomas are usually triple negative and have high Ki-67 index but are less likely 
to spread to the lymph nodes. Patients with medullary  carcinoma have a more 
favorable prognosis compared to those with ductal or lobular carcinoma (42). An 
association of medullary carcinomas with BRCA1 mutations has been reported.

Mucinous carcinomas, tubular and cribriform carcinomas account for a 
small percentage of well-diff erentiated BCs. Mucinous carcinomas occur most fre-
quently in older patients and are low grade, with clusters of bland cells fl oating in 
lakes of mucin (Figure 5.4). Tubular and cribriform carcinomas more oft en aff ect 
younger women and can be MF. Th e tumor cells are very bland and form angulated 
tubules or cribriform, sieve-like nests. Mucinous, cribriform, and tubular carcino-
mas have a favorable prognosis as compared to the other histologic types of BC; 
they typically are low grade, strongly express ER and PR, are negative for HER2, 
and have a low proliferation rate (43).

Invasive micropapillary carcinoma is a tumor with a peculiar appearance 
characterized by rounded tumor nests surrounded by empty spaces (Figure 5.5). 
Th ese tumors tend to be very aggressive, with massive lymph node metastases and 
extensive lymphatic vascular space invasion resulting in intramammary tumor 
spread with MF and multicentric (MC) tumors (44).

Figure 5.3 Invasive lobular carcinoma, negative E-cadherin immunostain.



www.manaraa.com

84 HANDBOOK OF BREAST CANCER AND RELATED BREAST DISEASE

Metaplastic carcinomas are a heterogeneous group of tumors characterized 
by aberrant diff erentiation of the neoplastic epithelium into squamous or mesen-
chymal phenotype. Th e WHO classifi es these as squamous cell carcinoma, spindle 
cell carcinoma, and metaplastic carcinoma with mesenchymal diff erentiation (also 
called matrix-producing carcinomas). Th ese tumors are high grade, triple negative, 
and have a high Ki-67 index. Th e metaplastic carcinoma group also includes low-
grade adenosquamous carcinomas and fi bromatosis-like metaplastic carcinomas 
that are associated with a more favorable prognosis.

Histologic Grade
Th e most widely utilized histologic grading system for invasive carcinomas of the 
breast is the Nottingham combined histologic grade (Table  5.3). Th e variables 

Figure 5.4 Invasive mucinous (colloid) carcinoma. Neoplastic nests of cells 
fl oating in lakes of extravasated mucin.

Figure 5.5 Invasive micropapillary carcinoma. Tumor cell nests grow as small 
papillary clusters surrounded by retraction artifact.
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Table 5.3 Nottingham Combined Histologic Grade

Glandular/tubular differentiation

Score 1: >75% of tumor area forming glandular/tubular structures

Score 2: 10%–75% of tumor area forming glandular/tubular structures

Score 3: <10% of tumor area forming glandular/tubular structures

Nuclear atypia

Score 1: tumor nuclei similar to normal breast epithelial cell nuclei

Score 2: intermediate nuclei with moderate variability in size and shape, visible 
nucleoli

Score 3: large nuclei with marked variation in size and shape, prominent nucleoli

Mitotic rate (per 10 HPF with 40 × objective and fi eld area of 0.196 mm2)

Score 1: 0–7 mitoses

Score 2: 8–14 mitoses

Score 3: 15 or more mitoses

Overall grade

Grade 1 (well differentiated): total score of 3, 4, or 5 

Grade 2 (moderately differentiated): total score of 6 or 7

Grade 3 (poorly differentiated): total score of 8 or 9

HPF, high powered fi elds.

 measured in this system include the degree of glandular/tubular diff erentiation, 
the extent of nuclear atypia, and the mitotic rate (number of mitotic fi gures per 10 
high-power fi elds). Each of the three parameters is scored on a scale of 1 to 3, and 
the fi nal Nottingham grade (Table 5.3) is the sum of these three scores. All inva-
sive carcinomas of the breast, regardless of histologic type (Figure 5.6), should be 
graded, as histologic grade has been shown to be strongly associated with overall 
survival (OS) (45). Figure 5.6 illustrates an example of a high grade tumor.

Prognostic Markers
Over the last few decades, the use of immunophenotyping to stratify patients for 
prognostication and treatment selection has become the mainstay of workup of all 
newly diagnosed BC. Th e basic prognostic/predictive panel for invasive carcinomas 
of the breast includes IHC stains for ER, PR, HER2, and Ki-67 proliferative index.

ER/PR: Approximately 75% of all invasive breast carcinomas are positive for 
hormone receptors (HRs), with slightly more tumors being ER-positive than 
PR-positive. While ER and PR are weak favorable prognostic factors, they serve as 
strong predictive factors for how well a tumor will respond to hormonal therapy 
(46). Guidelines published by the College of American Pathologists (CAP) in 2010 
state that BC demonstrating ER or PR immunoreactivity in at least 1% of tumor 
cells should be classifi ed as receptor-positive (Figure 5.7) (47).
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HER2, also known as ERB-B2, is a signaling molecule that is upregulated in 
approximately 20% of invasive BC, and confers a worse prognosis. In addition, it is 
important to detect amplifi cation of HER2 gene/overexpression of HER2 protein 
in BC (Figure 5.8) in order to identify patients who will benefi t from anti-HER2 
therapy. Immunohistochemistry and fl uorescence in situ hybridization (FISH) are 
methods to detect HER2 overexpression. According to American Society of Clin-
ical Oncology (ASCO)/CAP guidelines, HER2 status should be determined in all 
patients with invasive BC on the basis of one or more HER2 test results (negative, 
equivocal, or positive); if the initial HER2 test is equivocal, refl ex testing should 

Figure 5.7 Estrogen receptor (ER) immunostain: most (>90%) of the tumor cells 
are strongly positive.

Figure 5.6 Basal-like invasive carcinoma. The tumor is high grade, grows as solid 
sheets, and is associated with lymphoid infi ltrate.
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be performed on the same specimen using the alternative test or on an alternative 
specimen. Patients who were previously HER2-negative in the primary tumor and 
present with recurrent disease should have the metastatic site retested for HER2.

Figure 5.8 Strongly positive (3+) HER2/neu immunostain.

HER2 Testing Guidelines (ASCO/CAP 2013) (48)
HER2 TESTING BY IHC

• Score 0 (negative)—no staining or only incomplete, faint membrane stain-
ing in ≤10% of tumor cells

• Score 1+ (negative)—incomplete, faint membrane staining in >10% of 
tumor cells

• Score 2+ (equivocal)—incomplete and/or weak to moderate circumfer-
ential membrane staining occurs in >10% of tumor cells or complete, 
intense, circumferential in ≤10% of tumor cells

• Score 3+ (positive) is to be reported when complete, intense, circumferen-
tial staining is demonstrated in >10% of tumor cells

FLUORESCENCE IN SITU HYBRIDIZATION (FISH), HER POSITIVITY

• Single-probe average HER2 copy number ≥6.0 signals/cell
• Dual-probe HER2/CEP17 ratio ≥2.0 with an average HER2 copy number 

≥4.0 signals per cell
• Dual-probe HER2/CEP17 ratio ≥2.0 with an average HER2 copy number 

<4.0 signals/cell
• Dual-probe HER2/CEP17 ratio <2.0 with an average HER2 copy number 

≥6.0 signals/cell
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Ki-67 is a nuclear protein expressed in dividing cells; it is a reliable marker of 
cell proliferation and has been shown to correlate with tumor grade. Moreover, 
studies have shown that the Ki-67 index is an independent prognostic factor, cor-
relating signifi cantly with disease-free and overall survival in BC patients (49). 
In 2009, the Saint Gallen consensus conference determined cutoff s for the Ki-67 
index. It was recommended that a Ki-67 proliferative index of less than 15% be 
considered low/favorable, a Ki-67 proliferative index of 16% to 30% be deemed 
“not useful for decision,” and an index greater than 30% be considered unfavorable.

Prognostic and Predictive Multigene Tests
In the recent past, tumor biomarker tests have pursued a single target. However, 
the past decade has seen huge advances in –omics-based technology, in which 
numerous analytes (eg, expression of several genes) are measured. Commercially 
available multigene tests and their clinical validation trials are discussed later in 
the chapter (Table 5.8). Th ese multigene tests have been used for prognostics and 
prediction of benefi t from chemotherapy and extended hormone therapy.

Other Cancers Presenting in the Breast
While metastasis of extramammary malignancies to the breast accounts for a rare 
minority of breast lesions (50,51), a wide range of primary tumor sites and histo-
logical types giving rise to secondary breast lesions have been reported in both 
women and men. Lymphomas are the most frequent culprits, with melanoma; car-
cinomas of the lung, gastrointestinal tract, genitourinary tract, and gynecological 
tract; and sarcomas of the uterus also featuring prominently (52–56).

To distinguish primary breast tumors from extramammary metastases, the 
constellation of gross examination, cellular morphology, tissue architecture, IHC 
staining, patient history, and clinical presentation must be considered. Typical 
metastatic lesions are solitary, round, well-circumscribed nodules in a background 
of fi brotic breast tissue, with absence of in situ mammary carcinoma. In contrast, 
primary breast tumors oft en have spiculated borders that infi ltrate the breast 
parenchyma and feature elastosis and calcifi cation (53,57). Microscopically, fea-
tures characteristic of specifi c tissue origin are oft en observed within metastases 
and certain pathognomonic clues may be adequate in some cases to render a diag-
nosis (58,59). Comparison with pathological specimens of previously diagnosed 
primary tumors, when available, can be particularly helpful.

Immunophenotype of a breast lesion, determined by a panel of carefully 
chosen antibody markers, plays a supporting role in augmenting or refuting the 
identifi cation of a metastasis to the breast. For poorly diff erentiated metastatic 
tumors in patients lacking a diagnosis of a primary malignancy or metastases that 
mimic primary BCs or benign breast lesions, immunochemistry may form the 
cornerstone for diagnosis (60). For example, high-grade serous carcinoma of the 
ovary metastatic to the breast is frequently misdiagnosed as a primary breast 
carcinoma due to overlapping morphologic and IHC features (53). While both 
malignancies may have an estrogen receptor +/progesterone receptor +/cytokera-
tin 7 +/ cytokeratin 20– expression profi le, PAX8 and Wilms tumor (WT-1) can be 
used to distinguish between breast and ovarian origin. Ovarian tumors tend to be 
PAX8+/WT-1+, while breast tumors are typically PAX8−/WT-1− (57).
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SURGERY

Historical Perspective
Described by William Stewart Halsted in 1894, the radical mastectomy was the 
standard of care for operable BC throughout most of the 20th century (61). Th e 
procedure involved removal of the entire breast, ipsilateral pectoralis muscles, and 
axillary lymph nodes and was associated with signifi cant morbidity (61). Over the 
past several decades, a number of key clinical trials have prompted major advances 
in the surgical management of early-stage invasive BC. Radical mastectomy has 
been replaced by modifi ed radical mastectomy (sparing the pectoralis muscles as 
well as decreasing the extent of the axillary dissection with removal of only level 1 
and 2 lymph nodes) and then by BCS toward the end of the 20th century as several 
clinical trials have shown that less extensive surgical procedures provide equivalent 
oncologic outcomes and result in lower morbidity (62).

Management of the Breast
Surgery for BC consists of removal of the tumor by either BCS or mastectomy 
and simultaneous evaluation of the regional lymph nodes by sentinel lymph node 
biopsy (SLNB) or axillary lymph node dissection (A LND).

Breast Conserving Surgery
BCS, also referred to as a lumpectomy, partial mastectomy, segmentectomy, 
quadrantectomy, and wide local excision, involves removal of the primary tumor 
with a surrounding rim of normal breast tissue while preserving the remainder 
of the breast. Since the majority of breast tissue is left  intact, the incision is closed 
primarily and no reconstruction is required. Th is approach is routinely combined 
with adjuvant radiation therapy (RT) to reduce the incidence of local recurrence 
(LR), which translates into a survival advantage described further in the radiation 
section. Table 5.4 summarizes the prospective trials that compared BCS with radi-
ation to mastectomy.

MARGINS

Th ere has been signifi cant controversy over the years regarding adequate margin 
width in patients undergoing BCS for invasive BC. Th e most recent data demon-
strate no signifi cant diff erence in LR rates when negative margins, defi ned as 
“no  tumor on ink,” are achieved in patients undergoing BCS and whole breast 
irradiation (WBI) and who receive appropriate adjuvant systemic therapy (69,70). 
However, patients with multifocal (MF) close margins with “no tumor on ink” 
may still need to be considered for reexcision. Th is may be particularly important 
in patients with an extensive intraductal component. Th erefore, it is essential to 
review each patient’s pathology individually to ensure that adequate margins are 
obtained.

 h We currently consider “no tumor on ink” as an adequate margin in 
patients with invasive BC. In patients with a combination of invasive BC and 
DCIS, while “no tumor on ink” is considered an adequate margin, reexcision 
may be necessary depending on the extent of DCIS.
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BCS ELIGIBILITY

Absolute contraindications include diff use suspicious or malignant appearing 
calcifi cations on imaging, persistently positive margins aft er multiple excisions, 
multicentric (MC) disease (two foci of disease in diff erent quadrants) that cannot 
be removed with a single excision, early pregnancy, and prior thoracic radiation.

Relative contraindications include large tumors that will lead to poor cosme-
sis, very large breast size, patients who are not candidates for postoperative RT 
and multifocal (MF) disease (two foci in the same quadrant). For patients with 
large tumors who desire BCS, neoadjuvant systemic therapy may be considered to 
reduce tumor size and increase eligibility for BCS. 

Although the use of BCS in MF or MC disease is controversial, a study from the 
European Institute of Oncology in Milan, in which 421 patients with MF cancer 
and 55 with MC cancer were treated with BCS, demonstrated a 5-year cumulative 
incidence of LR of 5.1% (71). For patients with one of these relative contraindi-
cations, a full disclosure of risks and benefi ts of each option should be discussed.

Mastectomy
Mastectomy removes the entire breast. Th is procedure may be considered in 
patients with all stages of BC. Mastectomy is oft en combined with breast recon-
struction in patients who are candidates.

TYPES OF MASTECTOMY

Simple mastectomy (total mastectomy): complete removal of the breast 
including the nipple–areolar complex (NAC).

Table 5.4 Prospective Trials Comparing Breast Conserving Surgery to 
Mastectomy Prior to Modern Systemic Therapy

Study Local treatment

Local 
 recurrence 

(LR) (%)

Overall 
survival 
(OS) (%)

Follow-up 
(y)

NSABP B-06 (63) BCS + Radiation
Mastectomy

14
 8

46
47

20

Milan Cancer 
Institute (64) 

BCS + Radiation
Mastectomy

 9
 2

58
59

20

National Cancer 
Institute (65) 

BCS + Radiation
Mastectomy

22
10

54
58

18

Institute 
 Gustave-Roussy 
(66) 

BCS + Radiation
Mastectomy

13
18

73
65

15

EORTC (67) BCS + Radiation
Mastectomy

20
12

65
66

10

Danish Breast 
Cancer Group (68)

BCS + Radiation
Mastectomy

 3
 4

79
82

 6

BCS, breast conserving surgery; EORTC, European Organisation for Research and 
 Treatment of Cancer; NSABP, National Surgical Adjuvant Breast and Bowel Project.
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Modifi ed radical mastectomy: removal of the breast, NAC, and level 1 and 2 
axillary lymph nodes.

Skin-sparing mastectomy: removal of all breast tissue and the NAC with pres-
ervation of the skin envelope of the breast.

Nipple-sparing mastectomy (NSM): removal of all breast tissue while preserv-
ing the entire skin envelope of the breast including the NAC. Th is approach is 
oft en used for prophylactic mastectomy in high-risk patients or for patients 
with small BCs located away from the NAC (Figure 5.9).

Skin-sparing mastectomy outcomes. Th e majority of patients in studies of 
skin-sparing mastectomy had early-stage disease (stage 0–II) and the reported LR 
rates ranged from 1.9% to 7% with follow-up times of 49 to 118 months (72–77). 
Patients are generally considered eligible for skin-sparing mastectomy if they have 
early-stage BC, stage 0–II. While this procedure has been examined in patients 
with more advanced BC (stage IIB and III), the studies are small and the oncologic 
safety cannot be confi rmed (78–80).

NSM outcomes. Factors associated with NAC involvement include larger 
tumors, smaller distance between the tumor and NAC, MC disease, lymph 
node involvement, higher tumor grade, and HER2 amplifi cation. NSM was 
initially utilized in high-risk patients undergoing prophylactic mastectomy for 
risk reduction. However, the procedure has since been expanded to patients 
with small, unifocal tumors (<2–3 cm) that are at least 1 to 2 cm from the NAC 
(81–83). In studies that have evaluated the procedure in patients with BC, NAC 
involvement was seen in 8% to 33% of cases (84). Relative contraindications to 
the procedure include signifi cant ptosis in the breasts, large breasts, smoking, 
diabetes, and  obesity (84). Small studies that examined oncologic outcomes in 
patients undergoing NSM showed LR rates of 2% to 3% at follow-up times of 28 
to 60 months (81–83).

Figure 5.9 Bilateral nipple sparing mastectomy with implant reconstruction.
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 h Currently, we consider NSM for patients with unifocal BCs that are <3 cm 
in size and at least 1 to 2 cm away from the NAC.

Surgical Staging of Lymphatics
Following the trend toward less invasive and morbid procedures, surgical man-
agement of the axilla has moved away from the extensive axillary dissections 
to targeted removal of axillary lymph nodes through lymphatic mapping and 
SLNB.

Surgical Options
SLNB is a less morbid alternative to ALND for staging of the regional lymph 
nodes in patients with BC with clinically negative lymph nodes (85,86). Th is 
technique involves the targeted identifi cation and removal of the fi rst drain-
ing lymph nodes of the breast, which are located in the axilla in the majority of 
cases. Th e mapping procedure uses a radiolabeled tracer and/or blue dye, which 
is injected into the breast tissue (either intradermal, peritumoral, periareolar, or 
subareolar), and then travels through the lymphatics and accumulates in the sen-
tinel node(s) (85–89). Th e sentinel lymph nodes (SLNs) may be detected at the 
time of surgery by visualization of blue dye or by radioactivity detection using a 
gamma probe. Th e combination of dye and radiotracer results in an SLN detec-
tion rate of over 95% with false-negative rates (FNRs) reported between 0% and 
10% (88–90). Aft er a negative SLNB without ALND, axillary recurrence rates are 
extremely low (91).

 h We recommend SLNB in patients with early-stage, clinically node- 
negative invasive BC, and in patients with DCIS undergoing mastectomy.

Patient Eligibility for SLNB
Clinical situations in which there is insuffi  cient data to support SLNB include 
patients with T3/T4 BC, locally advanced disease, infl ammatory BC, DCIS when 
BCS is planned, and pregnancy. We typically consider SLNB in patients with T3 
tumors. In pregnant patients with early-stage BC, we consider SLNB with the use 
of radiolabeled tracer alone. In addition, in patients with DCIS, we perform SLNB 
in patients with a large area of involvement (>5 cm), a palpable mass, imaging fi nd-
ings concerning for an invasive BC, and in cases where SLNB may not be successful 
aft er BCS due to location of disease.

AXILLARY LYMPH NODE DISSECTION

Th is procedure is utilized for patients with clinically positive lymph nodes or 
in patients with multiple positive SLNs. It involves removal of the level 1 and 
2 axillary lymph nodes. Level 3 lymph nodes are only removed when they are 
grossly positive, although this may signifi cantly increase morbidity due to an 
increase in lymphedema. Th is procedure provides regional disease control in 
patients.
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Management of Clinically Negative Axillary Lymph Nodes
Th e National Surgical Adjuvant Breast and Bowel Project (NSABP) B-32 
trial examined and confi rmed the effi  cacy of SLNB in patients with early-stage 
BC. Th is study included patients with clinically negative lymph nodes who 
were randomized to either SLNB with ALND or SLNB alone (with ALND only 
if the SLN was positive). In patients who had pathologically negative SLNs, out-
comes were statistically equivalent between the two groups, including 8-year 
OS (91.8% SLNB + ALND vs. 90.3% SLNB alone; P = .12), disease-free survival 
(DFS) (82.4% vs. 81.5%; P = .54) and regional disease control (0.4% vs. 0.7%; 
P = .22) (91).

 h For patients with clinically negative axillary nodes and pathologically 
 negative SLNs, no further axillary surgery is needed. 

Th e American College of Surgeons Oncology Group (ACOSOG) Z0011 trial 
examined the need for ALND in patients with early-stage BC and one or two 
positive SLNs who were planning to undergo BCS followed by systemic therapy 
and WBI (92,93). Patients were randomized to either ALND or SLNB alone. Th e 
trial accrued slowly and closed early, but demonstrated no signifi cant diff erence 
between ALND and SLNB at 5 years in terms of LR (3.1% vs. 1.6% SLNB; P = .11), 
regional recurrence (0.5% vs. 0.9%; P = .45), DFS (82.2% vs. 83.9%; P = .14), and 
OS (91.8% vs. 92.5%; P = .25) (92,93). For patients with clinically negative axillary 
nodes with one or two pathologically positive SLNs, no further axillary dissection 
is necessary as long as whole breast radiation and appropriate adjuvant systemic 
therapy is planned.

 h The 2014 ASCO guidelines now recognize that patients with one or two 
positive SLNs who undergo BCS and receive appropriate adjuvant systemic 
therapy and WBI do not require ALND. 

One caveat to this study was that the volume irradiated was not standardized, 
as standard tangential radiation does not cover the entire volume that would be 
encompassed in a level 1/2 axillary dissection, such that some patients received 
larger radiation volumes to the entire axilla (ie, high tangents in 50% of patients on 
Z0011) or received radiation to the entire axilla and supraclavicular fossa (19% of 
patients on Z0011).

Th e IBCSG-23-01 trial also compared SLNB and ALND to SLNB alone in 
patients with positive SLNs and included patients with T1/2 N0 disease and the 
presence of one or more SLNs with micrometastases (<2 mm) (94). Unlike Z0011, 
patients undergoing mastectomy were also included and comprised about 10% 
of the patient population and did not undergo radiotherapy. Th e 5-year DFS was 
similar between those who underwent ALND (84.4%) and SLNB alone (87.8%), 
P = .16 (94).

Th e AMAROS trial evaluated radiation targeting the axilla (levels 1–3) and 
supraclavicular fossa as an alternative to ALND in patients with clinical T1/2 N0 
BC with positive SLNs (95). Patients with at least one positive SLN were random-
ized to external radiation therapy (XRT) or ALND. Th e 5-year results showed 
similar axillary recurrence rates in the two groups (ALND 0.54% vs. XRT 1.03%) 
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(95). Th e lymphedema rates were lower in those patients undergoing axillary XRT, 
with clinical signs of lymphedema in ALND 23% versus XRT 11% (P < .0001) 
and with an arm circumference increase of >10% in ALND 13% versus XRT 5% 
(P < .0009) (95).

Clinical Node-Negative, SLN Positive, Candidates for ALND
Completion ALND (levels 1 and 2) may be off ered to some patients with positive 
SLNs. Th is includes patients who do not meet criteria for ACOSOG Z0011 or the 
IBCSG-23-01 trial.

• Patients who have more than two positive SLNs.
• Patients undergoing mastectomy who have macrometastatic disease in SLNs 

and will not receive adjuvant XRT.
• Patients who receive neoadjuvant therapy.
• Patients who cannot receive recommended adjuvant systemic therapy and RT.

Management of Clinically Positive Axillary Nodes

 h We recommend axillary ultrasound (US) and FNA or core biopsy of 
 clinically palpable or mammographically/US/MRI suspicious lymph nodes 
to confi rm involvement. 

If biopsy is negative, SLNB should be performed at surgery for appropriate 
staging.

If biopsy is positive, ALND at surgery or neoadjuvant systemic therapy may 
be considered. In patients who will receive neoadjuvant systemic therapy we 
recommend core biopsy and clip placement so that the biopsied lymph node 
may be localized and removed at the time of surgery.

Conclusions
The surgical management of early-stage invasive BC has changed significantly 
over the past several decades. Based on the outcomes from a number of pivotal 
clinical trials, clinicians are able to offer increasingly less extensive surgical 
procedures while maintaining oncologic outcomes. While the surgical man-
agement of primary tumors and lymph nodes is constantly evolving, the overall 
goal of improving patient outcomes through multimodality therapy remains 
the same.

RADIATION THERAPY IN THE ADJUVANT SETTING FOLLOWING SURGERY

RT complements surgery by reducing the incidence of local and regional failures. In 
the modern era of systemic therapy, these reductions in local–regional disease have 
had an impact on reducing distant metastases, as certain regional disease can act as 
a harbinger of distant disease, and have also had an impact on survival (96). In addi-
tion, the delivery of radiation has improved substantially with novel technologies 
that reduce the morbidity and mortality of therapy, causing an overall improvement 
in quality of life for patients with BC.
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RADIATION THERAPY AS AN ADJUVANT TO BCS FOR EARLY-STAGE BC

Comparison of BCS to Modifi ed Radical Mastectomy (MRM) for 
Women With Tumors <5 cm in Size
As reviewed in Table 5.4, six randomized trials were performed several decades 
ago comparing BCS and whole breast radiation versus mastectomy. Th e results 
of the studies demonstrated similar local control, DFS, and OS between the two 
approaches. Due to psychological and quality of life benefi ts of BCS, the National 
Cancer Institute (NCI)/National Institutes of Health (NIH) Consensus described 
BCS as the “preferable” strategy in managing early-stage BC in eligible and appro-
priate patients (97).

BCS Without Radiation in an Unselected Population
In an attempt to improve quality of life further, many trials have tried to forgo 
radiation completely following BCS. In the unselected population, the absence of 
radiation was associated with recurrence and detriments in survival as described 
in the following.

NSABP B-06 accrued 1,851 women with primary tumors <4 cm who were 
randomized to total mastectomy versus wide local excision and radiation versus 
wide local excision alone (98). While there was no OS benefi t with the addition of 
radiation, there was substantial (39.2% vs. 14.3%; P < .001) reduction in ipsilateral 
BC recurrence. Th ere were, however, suggestions in this trial that adjuvant radio-
therapy may aff ect survival in that BC deaths were reduced marginally (hazard 
ratio [HR] 0.82; P = .04) with the addition of radiation to lumpectomy. Th is eff ect 
was somewhat off set by competing all-cause deaths, later attributed to the negative 
cardiac eff ects of radiotherapy. However, it should be noted that WBI in this trial 
was delivered with what would now be considered antiquated techniques and cur-
rent radiation volumes to the heart are signifi cantly lower.

Th e Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) subse-
quently published an overview encompassing 78 randomized trials, 42,000 women, 
and 15-year results (99). With the increased power from the large sample size, an 
OS benefi t of 5.3% (P = .005) was realized with the addition of radiotherapy to 
lumpectomy. For every four local, in-breast recurrences prevented with radiother-
apy, one woman was saved from death from BC. Importantly, this analysis demon-
strated that interventions aff ecting a 10% or more improvement in local control at 
the primary site at 5 years resulted in a reduction in BC mortality at 15 years.

BCS Without Radiation in a Selected Population
EBCTCG asserts that interventions with minimal local control benefi t fail to yield 
a survival benefi t (100). A meta-analysis including 17 randomized trials, 10,801 
women, and 15 years of follow-up sought to identify individual prognostic factors 
that could identify patients who benefi t minimally from adjuvant radiotherapy. 
Despite examining age, tumor size, tumor grade, ER status, additional therapy, and 
surgical procedure extent, no subgroup was identifi ed in which it was completely 
safe to omit radiotherapy without a decrease in local control.

NSABP B-21: Investigators then postulated that hormonal therapy might 
replace RT in an unselected population and randomized 1,009 women with 
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tumors less than 1 cm in diameter and node-negative disease to one of three arms 
 following lumpectomy—tamoxifen alone, RT and placebo, or RT and tamoxifen 
(101). Eight-year follow-up showed no diff erence in distant failure or OS between 
the three groups. RT reduced recurrences more than tamoxifen alone (16.5% vs. 
9.3% at 8 years), but the best in-breast control was seen with the combination of RT 
and tamoxifen (2.8% at 8 years).

Th e Cancer and Leukemia Group B (CALGB) 9343 trial was more selective 
and enrolled 636 low-risk patients who were 70 years of age or older with ER+ 
(99% of cases) disease with tumors that were <2 cm (98% of cases) in maximum 
dimension who were treated with lumpectomy and tamoxifen. Th e randomization 
was between radiation and no radiation with the primary end point being a dif-
ference in local control (102). Th e 12-year update showed a signifi cant improve-
ment in local control (10% without radiation vs. 2% with radiation) (103) without 
a diff erence in OS. Th is trial is oft en mistakenly identifi ed as demonstrating a lack 
of benefi t of radiotherapy. Nonetheless, this treatment approach has emerged as a 
reasonable, but not necessarily preferred, option for women over 70 with the most 
favorable BC characteristics.

Th e PRIME II study has served to affi  rm the effi  cacy of this strategy despite 
relatively short follow-up (104). With a similar randomization of women 65 and 
older, ipsilateral BC recurrence in the 5-year report was 1.3% versus 4.1% with and 
without radiotherapy, respectively, similar to the 5-year results of the CALGB trial.

Th ese fi ndings are the best to date in identifying a group that may be able to 
forgo adjuvant radiation without detriment to survival. However, it should be 
noted that these trials consistently demonstrate a benefi t in local–regional control 
with the addition of radiotherapy, even in highly selected populations. For women 
older than 70 electing to forgo radiation based on the previous data, consideration 
of a “trial period” for women electing to proceed with adjuvant hormone therapy 
alone can be employed. If either tolerance or compliance is poor at 3 to 4 months 
following surgery, radiotherapy could be employed at this juncture, either in place 
of or along with continued medical therapy.

 h For patients who refuse or cannot tolerate hormonal therapy or have 
a life expectancy of 10 years or more, radiotherapy is recommended.

Techniques of Radiation
Deep inspiratory breath-hold requires the patient to inspire deeply and hold her 
breath while individual fi elds of radiotherapy are administered. Th is technique 
moves the heart medially and inferiorly, substantially reducing the heart dose 
without sacrifi cing breast tissue coverage (see Figures 5.10A and 5.10B). For many 
patients, this is a relatively simple procedure with reliable reproducibility when the 
stability of the breath can be monitored during radiation (105).

Prone breast radiation allows for the breast to fall away from the chest wall. In 
women with larger breasts, this approach can be particularly advantageous in reduc-
ing redundant breast folds, which can lead to more substantial acute skin toxicity, as 
well as improving dose homogeneity, which can reduce both acute and long-term 
side eff ects (see Figure 5.11). Th is technique can also aid in reducing the dose to the 
heart and lungs (106,107). However, this technique is not utilized when  treatment 
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Figure 5.10 (A) Techniques of radiation—free breathing. (B) Techniques of 
radiation—deep inspiration breath-hold. Standard breast positioning; redundant 
breast folds can cause increased skin toxicity.

(A)

(B)

Figure 5.11 Prone breast radiation allows the breast to fall away from the chest wall.

of the regional nodes is necessary. Th ere is also concern that the chest wall can be 
underdosed with this approach and should be used with caution for patients in 
whom chest radiation may be of benefi t (ie, triple negative BC).
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Intensity-modulated radiation therapy (IMRT) is a sophisticated method of 
radiation delivery used for BC in two situations. In early-stage disease, it is used 
to make the dose delivery more homogeneous, which has been shown in random-
ized clinical trials to reduce acute grade 2–3 toxicity compared to conventional RT 
(108,109). Th e second approach is used in more advanced disease to conform the 
high doses of radiation around nearby critical structures. Th e largest experience in 
early disease was published from Fox Chase Cancer Center, which demonstrated 
the superiority of using breast IMRT compared to conventional radiation (110). 
Th e series included 804 consecutive women with early-stage BC who were treated 
with BCS and radiation from 2001–2006, where 399 had received photon IMRT. 
Th e maximum toxicity (grade 2 and higher) was signifi cantly reduced using IMRT, 
75% for conventional radiotherapy and 52% for IMRT (P < .0001). In addition, the 
duration (percentage of treatment weeks) patients spent experiencing grade 2 and 
higher dermatitis was substantially reduced from 71% for conventional radiation 
versus 18% for those who received IMRT (P < .0001). Two smaller retrospective 
series demonstrated similar benefi ts with decreased acute skin toxicity grade 2 or 3 
(39% vs. 52%; P = 0.047) (111) and reduced grade 2 or greater breast edema (0% vs. 
36%; P < .001) (112). Th ere is also improvement in late eff ects with reduction in the 
risk of developing chronic grade 2 or greater breast edema (3% vs. 30%; P = .007) 
(112) and improved cosmesis (113).

In a randomized phase III prospective trial from Canada of 358 patients, con-
ventional radiation was compared to IMRT. It was found that IMRT was associated 
with improved dose homogeneity and reduced moist desquamation (31% vs. 48%; 
P = .0019) (109). Th is translated into a quality of life benefi t for those patients 
who experienced moist desquamation. A randomized trial from the United King-
dom compared standard radiotherapy to IMRT in patients with early-stage BC 
and 240 of 306 patients were able to be evaluated by photographs for change in 
breast appearance (108). Th ere was a negative change in breast appearance in 58% 
of patients randomized to conventional treatment compared to 40% randomized 
to IMRT. Two-dimensional (2D) RT was 1.7 times more likely to have a change in 
breast appearance than IMRT (P = .008). 

WHOLE BREAST IRRADIATION—FRACTIONATION

Standard adjuvant radiotherapy for BC has traditionally incorporated 5 to 5.5 
weeks of WBI followed by a “boost” delivered over 1 to 1.5 additional weeks to 
the lumpectomy cavity. Th e whole breast is targeted to ensure full coverage of the 
postsurgical cavity as well as occult MC disease within the remainder of the breast 
(114). Results from randomized trials have suggested that radiotherapy may be 
hypofractionated in early-stage BC—delivering a radiobiologically similar dose 
over 3 to 4 weeks (115–121).

Th e UK Standardization of Breast Radiotherapy (START) A and START B 
trials were intended to elucidate inherited radiobiologic diff erences between nor-
mal breast tissue and BC such that similar cell kill could be achieved through a 
shorter course of RT without altering acute or late eff ects. Multiple randomized 
phase III trials have tested this concept in comparison to conventional fractionation.

START A included 2,236 women with early-stage BC treated with partial mas-
tectomy and then split them into three treatment groups to receive either 50 Gy in 
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25 fractions (2 Gy per fraction), 41.6 Gy in 13 fractions (3.2 Gy per fraction), or 39 
Gy in 13 fractions (3 Gy per fraction) (115). At 5-year follow-up, all three arms had 
similar local control. Th ere was a slightly higher rate of failures in the 39 Gy arm, 
although this was not statistically signifi cant.

START B randomized 2,215 women to 50 Gy in 25 fractions or 40 Gy in 15 
fractions (2.67 Gy per fraction) given over 3 weeks (116). Again, at 5 years, local–
regional relapse was not signifi cantly diff erent between the 50 Gy (2.2%) and 40 Gy 
(3.3%) cohorts. At 10-year follow-up, these results have held, further solidifying 
shortened regimens as viable options in this disease (122). Concerns regarding the 
potential for increased late toxicity with higher doses per fraction have proven to 
be unfounded at 10 years of follow-up.

Th e Ontario Clinical Oncology Group (OCOG) performed a random-
ized trial in the mid-1990s with similar structure and intent to shorten duration 
(118,119,121). Th is eff ort enrolled 1,234 women with T1 or T2, node-negative BC 
treated with BCS who were randomized to whole breast RT, either 50 Gy in 25 
fractions or 42.5 Gy in 16 fractions. Th e 10-year results showed comparable rates of 
local control (6.7% vs. 6.2%) with nearly identical rates of good to excellent cosme-
sis (71.3% vs. 69.8%). Two recent reports suggesting improvements in acute toxic-
ity with hypofractionation should further bolster this eff ect (123,124).

 h With this evidence, the American Society for Radiation Oncology (ASTRO) 
strengthened its stance through the Choosing Wisely campaign to highly rec-
ommend consideration of hypofractionation in appropriately selected women 
over the age of 50 (125). Currently, we routinely use 40 Gy in 15 fractions or 
42.5 Gy in 16 fractions for most women with the exception of high-grade tumors 
(specifi cally triple negative and HER2+) based on the subset analysis of the 
OCOG trial, which showed a detriment in this subset of patients treated with the 
hypofractionated regimens.

THE ROLE OF A LUMPECTOMY CAVITY BOOST IRRADIATION

WBI is commonly followed by a “boost” to the lumpectomy cavity. Th e rationale 
for such an approach arose from multiple series indicating the perilumpectomy tis-
sue as the highest risk area for recurrence and the most likely to harbor substantial 
pockets of subclinical disease (126–128). Two large, randomized trials completed 
in the 1990s demonstrated a local control benefi t of a boost (129–132).

Th e European Organisation for Research and Treatment of Cancer (EORTC) 
22881-10882 trial included 5,318 BC patients. Whole breast radiotherapy to 50 
Gy was followed by randomization to a 16 Gy boost versus no boost (130–132). 
At 5-year follow-up, the boost reduced local failure rates (7.3% vs. 4.3%; P < .001; 
HR 0.59). Younger women benefi ted the most, while the oldest patients received 
the least benefi t. With 10 years of follow-up, the absolute benefi t widened to 4%. 
Th e use of a boost reduced salvage mastectomies by 41%, while signifi cant fi brosis 
was increased.

Following these results, conventionally fractionated whole breast radiation fol-
lowed by a lumpectomy cavity boost to approximately 60 to 66 Gy has become 
the standard. With the advent of hypofractionation, the utility and safety of the 
boost have again come into question. Results of the Royal Marsden and START 
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experiences, which permitted a boost, are reassuring and make the addition of an 
approximate 10 Gy boost (usually at 2.5 Gy per fraction) to either the European or 
Canadian fractionation schema a reasonable option (115–117,122).

 h ER+ BC patients over the age of 65, who only have a 10% risk of recur-
rence at 12 years without radiation, are not routinely offered a boost if whole 
breast radiation is recommended, unless hormonal therapy is omitted. 

Partial Breast Irradiation
Th is approach is vastly diff erent than whole breast radiation by focusing only on 
the lumpectomy cavity such that smaller volumes can be irradiated in treatments 
of 1 week or less. Th is approach was initially developed to reduce the logistical 
burdens that adjuvant therapy places on patients and caregivers, likely improving 
compliance (133,134). Over the last several decades, this approach has been shown 
to be safe and eff ective, and six phase III trials have completed accrual in com-
parison to whole breast radiation. Early results have shown similar outcomes for 
BC patients treated with interstitial brachytherapy (135), while two studies using 
intraoperative approaches have demonstrated less favorable results (136,137). Th e 
long-term results of all of these trials are needed to ensure equivalence of partial 
breast irradiation (PBI), but will take years to emerge.

As the fi eld awaits the oncologic results, there is also growing evidence that 
PBI has worse cosmesis (138–140) and potentially a worse quality of life related to 
increased pain, fat necrosis, and postoperative infections in comparison to whole 
breast radiation (141). Following the publication of multiple prospective experi-
ences demonstrating the oncologic equivalence of PBI to whole breast radiotherapy, 
ASTRO published consensus guidelines in 2009 dividing patients into “suitable,” 
“cautionary,” and “unsuitable” cohorts for consideration of PBI off -study (142).

PBI can be off ered to patients in the suitable group that includes those who 
meet the following criteria: age ≥60, negative for BRCA mutation, tumor size 
≥2 cm, negative margins, negative for lymphovascular space invasion, ER+, 
LN−, unicentric, clinically unifocal, invasive ductal or other favorable histol-
ogy, negative for extensive intraductal component, invasive disease (not DCIS), 
and not receiving neoadjuvant therapy. Recently, there has been further discus-
sion of loosening these recommendations to be more inclusive of younger patients 
(143) and those with pure ductal carcinoma in situ (144).

PBI can be delivered by a number of techniques that include external beam 
radiotherapy, intraoperative radiotherapy, multicatheter brachytherapy, single- 
entry intracavitary device brachytherapy, and stereotactic radiotherapy. However, 
external beam radiotherapy remains by far the most commonly utilized due to its 
familiarity among oncologists, ease of application, wide availability, and noninva-
sive nature (145).

Investigational Radiation Devices
GammaPod is a novel, noninvasive breast-specifi c stereotactic radiotherapy device 
that has been developed which addresses many of the challenges encountered with 
three-dimensional conformal radiation therapy (3D-CRT) or IMRT techniques. 
With GammaPod, the patient’s breast is placed under a slight negative pressure 
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inside a custom-designed breast immobilization cup, which can reduce the planning 
target volume (PTV) expansion from 10 to 3 mm. Th e patient is treated in the prone 
position on a translating couch. Th e device employs 36 noncoplanar, nonoverlap-
ping 60Co beams in a dynamic dose-painting fashion to eff ect highly conformal dis-
tributions akin to intracavitary brachytherapy applications with less heterogeneity 
and better control of dose fall-off  at the skin in comparison to all Food and Drug 
Administration (FDA) approved intracavitary devices (146–148). Relative to tradi-
tional 3D-CRT and IMRT PBI techniques, this device has demonstrated signifi cant 
improvements in sparing of normal tissues using a similar noninvasive approach 
(149). Currently this device is being tested in the pre-FDA approved setting under 
an investigational device exemption. Once FDA approved, this device will also be 
tested in the neoadjuvant setting, permitting ablative radiotherapy (150,151).

Role of Radiation for Patients Undergoing BCS With 
Node-Positive Cancer
Historically, when regional lymph nodes are involved there is concern that the pat-
terns of failure can change, increasing the risk of failure in the axilla and the infra-
clavicular/supraclavicular region, as well as the internal mammary lymph nodes, 
based on the postmastectomy literature (152–155). Th ree recently published ran-
domized trials using modern systemic therapy drive therapy decisions regarding 
regional nodal radiotherapy in this population.

Th e ACOSOG Z0011 trial was intended to address the role of completion 
ALND in patients with one or two positive SLNs (156). A total of 891 patients were 
randomized and no improvement in oncologic outcomes was realized with the 
completion ALND aft er SLNB. Of note, participating institutions were instructed 
to utilize only tangential-fi eld whole breast radiotherapy following surgical inter-
vention. As the two arms were equivalent, it was concluded by the authors, and 
assumed by many clinicians, that tangent-only radiotherapy was adequate in 
patients similar to this cohort. Unfortunately, review of delivered radiation fi elds 
revealed a high rate of deviation from treating with tangents alone (157). Of 228 
patients with RT records, over half received high tangents, which encompass 75% 
to 95% of the level 1 and 2 lymph nodes typically resected, while another 18.9% 
received directed regional nodal radiotherapy to the axilla and  infraclavicular/
supraclavicular region. Th ough departures from the tangent’s directive were 
 balanced between the arms, the heterogeneity of employed fi elds complicates inter-
pretation of this trial as to the ideal radiation approach.

EORTC 22922 enrolled 4,004 women with either lymph node negative, medial/
inner quadrant tumors, or axillary involvement who had undergone BCS or mas-
tectomy (158). Patients were randomized to receive regional nodal irradiation 
(defi ned as internal mammary and medial supraclavicular lymph node regions) 
or not. Women who underwent a lumpectomy received whole breast radiation in 
both arms. It is important to note that systemic therapy was widely utilized in this 
study with 99% of LN+ patients and 66.3% of LN− patients receiving chemother-
apy. At 10-year follow-up, DFS (72.1% vs. 69.1%; P = .04), distant DFS (78.0% vs. 
75.0%; P = .02), and BC mortality (12.5% vs. 14.4%; P = .02) were all signifi cantly 
improved with the addition of regional nodal radiation with the largest benefi t 
surprisingly seen in the node-negative cohort. Th ere was a trend toward a sur-
vival benefi t (82.3% vs. 80.7%; P = .06).
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Th e MA.20 trial was concurrently published (159). Th is study enrolled patients 
with invasive BC who underwent BCS and SLNB or ALND. Eligible patients were 
those with positive axillary nodes (N1 only) or lymph node negative but with high-
risk features (≥5 cm primary; ≥2 cm primary with fewer than 10 axillary nodes 
removed and at least one of the following: grade 3 disease, ER-negativity, or lym-
phovascular space invasion [LVI+]). Patients were randomized to receive WBI with 
or without regional nodal radiotherapy defi ned as the internal mammary, supra-
clavicular, and axillary basins. At 10 years of follow-up, nodal irradiation improved 
DFS by 5% (absolute, 82% vs. 77%; P = .01), representing a relative improvement 
of 24%. Local–regional DFS was improved from 92.2% to 95.2% (P = .009%), and 
distant metastasis DFS improved from 82.4% to 86.3% (P = .03). OS was not sta-
tistically signifi cantly improved (P  =  .38). On a preplanned subgroup analysis, 
patients with ER-negative disease receiving comprehensive irradiation did achieve 
an improvement in survival (81.3% vs. 73.9%; P = .05). Th ere was slightly higher 
radiation dermatitis, pneumonitis, and lymphedema with the additional nodal 
radiotherapy, though the rates of grade 3 toxicity remained very low.

Recommendations: Th ese results demonstrate the greater importance of treat-
ing the subclinical disease in the infraclavicular/supraclavicular and internal 
mammary regions as opposed to the axilla alone when lymph nodes are patholog-
ically involved. However, the authors believe the benefi t is primarily related to the 
infraclavicular and supraclavicular region due to the rarity of internal mammary 
node recurrence.

Internal Mammary Node Radiation
Th e Danish Breast Cancer Cooperative Group prospective, population-based 
cohort study with over 3,000 women has suggested a survival benefi t to internal 
mammary nodal irradiation (160). Due to the concern of heart irradiation (161), 
internal mammary nodal radiation was only delivered to women with right-sided 
BC. Th e results were strikingly similar to the benefi ts seen in MA.20 and EORTC 
22922 with a 2.5% absolute reduction in distant metastases (P = .07), 2.5% absolute 
reduction in BC mortality (P = .03), and a 3.7% improvement in survival (P = .005) 
without any detriment in heart disease with a median follow-up of 8 years. Th e 
only group of patients who may not have benefi tted was the subgroup with lateral 
tumors with 1 to 3 lymph nodes involved.

 h We recommend nodal radiation, including the internal mammary nodes, 
in all patients with macroscopic nodal involvement except for patients with 
shorter life expectancies or elderly, otherwise favorable risk patients (ER+ with 
less than four lymph nodes involved).

Postmastectomy Radiation (PMRT): Historically, PMRT was used to prevent 
LRs, which were very disabling and rarely curable. With the advent of fi rst gener-
ation chemotherapy, the use of PMRT did not just reduce recurrences but had an 
impact on BC-specifi c and overall survival.

Techniques for Treatment With PMRT
“Step and shoot” IMRT, volumetric-modulated arc therapy (VMAT), and fi eld-with-
in-fi eld forward planned 3D-CRT can each be applied to augment target  coverage, 
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reduce dose to normal structures, and improve dose homogeneity in BC treatments. 
Technique selection must be undertaken on a case-by-case basis dependent upon 
anatomical and individual patient considerations. Th ese approaches can decrease 
the volume receiving high dose as a cost of delivering lower dose to a larger volume.

Proton radiotherapy will likely increase in utilization, particularly when inter-
nal mammary lymph node radiation is considered benefi cial. Th e fi nite range asso-
ciated with the proton radiotherapy due to Bragg peak eff ect lends this technique 
to sparing of deep tissues such as the heart and lungs, which receive lower doses 
than incurred with IMRT and VMAT (Figures 5.12A and 5.12B), which may be 
clinically important (161). Pencil beam or spot scanning proton delivery allows for 
further improvements in dose conformity and normal tissue protection. Emerging 
clinical trials will likely help to elucidate the magnitude of benefi t to this approach.

Th e Danish 82b trial evaluated high-risk premenopausal patients (positive 
axillary lymph nodes, tumor size >5 cm, and invasion of skin or pectoral fascia) 
while Danish 82c focused on postmenopausal patients (152,153). In the Danish 
82b trial, 1,708 premenopausal patients underwent MRM and were then random-
ized to adjuvant CMF chemotherapy alone or PMRT plus chemotherapy. With a 

Figure 5.12 (A) Volumetric-modulated arc therapy treatment planning. (B) Proton 
radiotherapy treatment planning.

(A)

(B)
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median follow-up of 114 months, PMRT improved local–regional failure (LRF) 
from 32% to 9% and increased 10-year DFS from 34% to 48% and 10-year OS from 
45% to 54%. On multivariable analysis, PMRT improved DFS and OS irrespective 
of number of positive lymph nodes, tumor size, or grade. Th e Danish 82c trial 
demonstrated a similar benefi t to PMRT in 1,406 postmenopausal patients.

Th e British Columbia trial included 318 premenopausal patients status post-
MRM with pathologically positive lymph nodes with a similar design to the Danish 
82b trial (154). With a median follow-up of 20 years, PMRT decreased LRF from 
26% to 10% while increasing BC-specifi c survival from 38% to 53% and OS from 
37% to 47%. However, these trials have been criticized due to the higher axillary 
failure rates due to the limited axillary dissections performed.

To answer this criticism, a reanalysis of the Danish 82b/82c patients who had 
at least 8 LN dissected was performed (162). In patients with four or more posi-
tive LNs, radiation signifi cantly decreased the 15-year LRF rate from 51% to 10% 
and improved 15-year survival from 12% to 21%. Similar results were seen in the 
patients with one to three positive lymph nodes; 15-year LRF signifi cantly improved 
from 27% to 4% and 15-year survival from 48% to 57% with the use of radiation.

EBCTCG published an update to address the criticisms of the 2005 meta- 
analysis and to provide longer follow-up results (162). Women were classifi ed as 
having axillary dissection if the protocol mandated or if the median number of 
lymph nodes removed was at least 10. Women were otherwise classifi ed as having 
axillary sampling. In the 22 trials for which data was available, radiotherapy was 
given to the chest wall and the supraclavicular fossa and/or the axilla. In 20 of 22 
trials, radiation to the internal mammary nodes was also administered. With a 
median follow-up of 9.4 years, 8,135 women received radiation to the chest wall 
and regional nodes and the extent of axillary surgery was known in 98% of patients.

Altogether, 3,131 women had positive lymph nodes following a mastectomy 
and ALND and the use of PMRT signifi cantly reduced 10-year overall recurrence 
risk from 62.5% to 51.9% and 20-year BC mortality by 8.1% from 66.4% to 58.3%. 
In the 1,314 patients with one to three involved lymph nodes following mastec-
tomy and ALND, a signifi cant benefi t in local–regional control, overall control, and 
BC mortality was seen with PMRT. Th e authors also looked at pN1+ patients, and 
RT still signifi cantly decreased local–regional recurrence and overall recurrence.

Large Node Negative Breast Cancer
Patients with large tumors (T3) but negative lymph nodes is a rare subset of patients 
who remain a controversial group to treat with PMRT. Th e Danish 82b trial showed 
that radiation improved 10-year LRF from 17% to 3% and 10-year survival from 70% 
to 82%, while Danish 82c showed a similar benefi t to local control (6%–23%) but 
failed to show a survival benefi t (152,153). However, follow-up retrospective studies 
demonstrated a low recurrence risk of about 7% in the NSABP series in this subset of 
patients (163). A recent Surveillance, Epidemiology, and End Results (SEER) analysis 
of T3N0 patients treated with MRM by Johnson et al (164) found that PMRT signifi -
cantly improved OS (HR 0.63) and cause specifi c survival (CSS) (HR 0.77), suggesting 
that PMRT would be of use in T3N0 patients. Some compromise and off er radia-
tion only to the chest wall, although we recommend radiation to the chest wall and 
regional nodes, especially in light of the MA.20 and EORTC studies described here.
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Other Factors That Predict for Local–Regional Relapse
In addition to axillary status and tumor size, it is also important to consider other 
clinical, histologic, and pathological factors when deciding on the use of PMRT. 
Kyndi et al demonstrated that ER-negative and PR-negative receptor status and 
HER2-positive receptor status were risk factors (165). In node-negative patients, 
risk factors such as LVI, tumor size >2 cm (especially medially located tumors), 
premenopausal status, grade, and use of systemic therapy have been identifi ed 
(166–168). Truong et al (169) focused on pT1-2N0 patients, and in addition to LVI 
and T stage, determined that grade and use of systemic therapy were also signifi -
cant risk factors. Jagsi et al (167) demonstrated that 10-year local–regional recur-
rence (LRR) rate increased with the number of risk factors from 10% with one risk 
factor to 40.6% with three risk factors in the node-negative population.

Kyndi et al evaluated 1,000 patients from the PMRT Danish trials in whom 
receptor status was determined and generated three prognostic groups: “good” was 
defi ned by at least four of fi ve factors (≤ 3 LN+, tumor size <2 cm, grade 1, ER- or 
PR-positive, HER2-negative) while “poor” was defi ned by at least two of three fac-
tors (>3 positive nodes, tumor size >5 cm, grade 3). Interestingly, the “poor” prog-
nosis group had the largest absolute reduction in 5-year LR probability by 36%. 
However, this LR reduction did not translate into any reduction in 15-year BC 
mortality (168), suggesting that the patients with the lowest risk of distant disease 
had the greatest benefi t in survival (96).

International Breast Cancer Study Group evaluated 8,106 patients from 13 
trials treated with mastectomy (170). Age, number of positive lymph nodes, and 
number of uninvolved lymph nodes were all signifi cant risk factors.

 h When examining recurrence by site, they found negative ER status, larger 
tumor size, LVI, and grade 3 are risk factors for supraclavicular recurrence while 
tumor size, positive ER status, and LVI are risk factors for LR.

Several retrospective reviews have also investigated the role of positive and close 
surgical margins. Freedman et al (171) published on 789 patients and found that 
patients less than 50 years old with clinical T1–T2 tumor size and 0 to 3 positive 
nodes who have a close (<5 mm) or positive mastectomy margin have a 8-year 
recurrence risk of 28% despite the use of systemic therapy and, therefore, should 
be considered for PMRT.

Truong et al (169) focused on pT1-2 pN0 BC patients and determined in a popu-
lation of 2,570 patients, of which 94 had positive margins, that local–regional recur-
rence rates were approximately 20% with positive margins with the addition of at least 
one of the following factors: age <50 years, tumor size 2 to 5 cm, grade III, or LVI.

Childs et al (172) investigated 397 patients status postmastectomy and no radi-
ation and found 5-year LRR of 6.2%, 1.5%, and 1.9% in patients with positive, close 
(≤2 mm), and negative margins, respectively. Th us, surgical margins need to be 
considered in conjunction with other clinical and histological factors.

In summary, PMRT is off ered to all patients with macroscopic lymph node 
metastases as well as all patients with T3 and T4 disease. In the node-negative 
patients with tumor size <5 cm, other factors are considered including clinical MC 
disease (173), young age, higher grade, T2 (especially medial location), triple nega-
tive, LVI, and close or positive margins as signifi cant predictors of LR.
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Th ese patients would likely benefi t from discussion in a multidisciplinary set-
ting to determine optimal treatment or at least warrant consultation with a radia-
tion oncologist.

SYSTEMIC ADJUVANT THERAPY

Adjuvant systemic therapy has been shown to reduce the risk of recurrence of ear-
ly-stage BC (174–178). Adjuvant therapy can consist of hormonal therapy, cytotoxic 
chemotherapy, and/or biologic therapy. EBCTCG analysis showed that standard 
early generation chemotherapy (CMF or AC) reduced 2-year relative recurrence 
rates by 50% and in the next 8 years by 33% compared to no chemotherapy. Fur-
thermore, BC mortality rates were reduced by 20% to 25% (179). For ER+ disease, 
5 years of adjuvant hormone therapy (tamoxifen) reduces the annual BC death rate 
by 31% (180). Accordingly, for women with ER+ disease, the BC mortality rate 
throughout the 15 years aft er diagnosis could be approximately halved by 6 months 
of anthracycline-based chemotherapy followed by 5 years of adjuvant tamoxifen. 
Th ird generation chemotherapy regimens, HER2 targeting agents, and aromatase 
inhibitors (AIs) further improve survival outcomes in  early-stage BC.

Th ere are multiple guidelines for prescribing systemic adjuvant therapy. We 
recommend being familiar with the National Comprehensive Cancer Network 
(NCCN), ASCO, and the St. Gallen International Expert Consensus. Th e 
NCCN (www.nccn.org) is well known for their fl ow chart type recommenda-
tions with comprehensive review for each cancer. Th e St. Gallen International 
Expert Consensus meets every other year to review new studies and update rec-
ommendations (181). Th e ASCO publishes its cancer guidelines (www.asco.org/ 
practice-guidelines/quality-guidelines/guidelines/breast-cancer). We recommend 
all cancer providers be familiar with the previous guidelines and incorporate them 
in clinic. In the following sections, we review adjuvant hormone therapy followed 
by adjuvant chemotherapy. We examine the clinical trials that support the use of 
these therapies. Table 5.5 summarizes our recommendations.

Hormonal Therapy
WHO SHOULD BE CONSIDERED FOR ADJUVANT (CMF OR AC) ENDOCRINE (HORMONAL) 

THERAPY?

As per ASCO/CAP guidelines, a breast tumor is considered hormone-receptor- 
positive if IHC staining for estrogen-ER and/or progesterone-PR (ER/PR) is ≥1% 
(47). We recommend adjuvant hormonal therapy (HT) for nearly all women with 
ER and/or PR ≥1% invasive BC, but studies have shown that benefi t is increased for 
higher expression of ER/PR. Th ere are few circumstances of limited life expectancy 
when we may defer treatment. Our practice is to start HT immediately aft er comple-
tion of adjuvant chemotherapy; but others start aft er the completion of radiation. If 
HER2 targeted therapy is needed, HT is given concurrently with HER2 therapy but 
aft er completion of chemotherapy.

Th e choice of the agent(s) depends primarily on the menopausal status at 
the time of initiation of adjuvant chemotherapy. For women with an intact 
uterus, we use >12 months of no menstruation for determining if the patient is 
postmenopausal. For women who have undergone a hysterectomy, we check 
 follicle-stimulating hormone (FSH) and estradiol levels prior to chemotherapy. 
Women who are premenopausal before chemotherapy and stop menstruating 

http://www.nccn.org
http://www.asco.org/practice-guidelines/quality-guidelines/guidelines/breast-cancer
http://www.asco.org/practice-guidelines/quality-guidelines/guidelines/breast-cancer
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Table 5.5 Suggested Systemic Adjuvant Treatment Recommendations by Clinicopathologic (CP) and 
Tumor Genomic Factors (GF)

Gene 
 expression

Clinicopathologic 
factors Recommended treatment Comments

ER/PR+ HER2− T < 0.5 cm, N0 Hormonal therapy

T 0.5–1 cm, N0 Hormonal therapy Consider MammaPrint or OncotypeDx (we 
typically do not order these tests if grade 1, low 
Ki-67, and strongly ER/PR+)

T > 1–5 cm, N0 Hormonal therapy +/− chemotherapy MammaPrint or OncotypeDx test for decision on 
chemotherapy, we consider chemotherapy risk/
benefi t, consider a non-anthracycline regimen

Any T, 1–3 LN+ Chemotherapy followed by hormonal therapy For older patients and those with multiple 
comorbid conditions, we consider chemotherapy 
risks/benefi ts and may use MammaPrint or 
OncotypeDx to guide decisions

Any T, ≥ 4LN+ Chemotherapy followed by hormonal therapy Anthracycline regimen preferred

ER/PR+ HER2+ T ≤ 0.5 cm, N0 Hormonal therapy We typically do not recommend chemotherapy + 
trastuzumab

T 0.6–1 cm, N0 Hormonal therapy +/− chemotherapy + 
trastuzumab

MammaPrint can be considered to risk stratify, 
we use P × 12 wks + trastuzumab × 12 mos as 
our preferred regimen if high risk by MammaPrint

T > 1 cm, N0 Chemotherapy + trastuzumab followed by 
hormonal therapy

TCH is preferred or although may use P × 12 wks 
with H × 12 mos for patients with smaller tumors

(continued )
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Table 5.5 Suggested Systemic Adjuvant Treatment Recommendations by Clinicopathologic (CP) and 
Tumor Genomic Factors (GF)

Gene 
 expression

Clinicopathologic 
factors Recommended treatment Comments

Any T size, LN+ Chemotherapy + trastuzumab followed by 
hormonal therapy

TCH is preferred, we have used H + P to 
 complete 12 mos of antiHER2 therapy

ER/PR− HER2+ T ≤ 0.5 cm, N0 No chemotherapy

T < 0.6–1 cm, N0 Chemotherapy + trastuzumab can be 
 considered

Consider risk/benefi ts in choosing regimen –P × 
12 wks with H × 12 mos or TCH

T ≥ 1 cm, N0 Chemotherapy + trastuzumab TCH is preferred, although may use T × 12 wks 
with H × 12 mos for pts with smaller tumors, 
especially if not medically fi t

Any T size, LN+ Chemotherapy + trastuzumab TCH is preferred regimen; we have used H + P to 
complete 12 mos of therapy

ER/PR− HER2− T ≤ 0.5 cm, N0 No chemotherapy

T < 0.6–1 cm, N0 Chemotherapy can be considered Can forgo chemotherapy if elderly or multiple 
comorbid conditions, consider non-anthracycline 
regimens

T ≥ 1 cm, N0 Chemotherapy Anthracycline regimens preferred unless 
 medically ineligible

Any T, LN+ Chemotherapy Anthracycline regimens preferred

Defi nitions of Regimens
TCH-H-Docetaxel/Carboplatin/Trastuzumab every 3 wks then Trastuzumab every 3 wks for a total of 12 mos of adjuvant antiHER2 therapy.
P+H-weekly paclitaxel × 12 wks concurrently with weekly Trastuzumab × 12 wks, then Trastuzumab every 3 wks to complete 12 mos of antiHER2 therapy.
T+P-Trastuzumab/Pertuzumab every 3 wks to complete 12 mos of antiHER2 therapy.

 (continued )
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during chemotherapy should not be considered postmenopausal even if the FSH 
and estradiol levels are in postmenopausal range aft er chemotherapy treatment. 
Studies show that aft er anthracycline- and taxane-based adjuvant chemotherapy, 
ovarian function may resume later in up to 85% of women ≤40 years old (182). 
Tamoxifen is the preferred hormonal agent in premenopausal women, while 
very young women <35 years old or premenopausal aft er adjuvant chemother-
apy benefi t additionally from ovarian suppression + tamoxifen or exemestane.

ADJUVANT HORMONE TREATMENTS FOR BREAST CANCER

Tamoxifen is a selective estrogen receptor modulator with both antagonist and 
agonist receptor functions depending on the site of action. It functions as an antag-
onist of the estrogen receptor in BC cells, inhibiting translocation and nuclear 
binding of the ER, and ultimately altering transcriptional and posttranscriptional 
events (183–185). It is an ER agonist in the endometrium; therefore, increased risk 
of endometrial cancer (ECA) has been observed.

Aromatase inhibitors (AIs) block aromatase, the enzyme that converts the 
androgens (androstenedione/testosterone) to the estrogens (estrone/estradiol). Aro-
matase is found predominantly in peripheral tissues (eg, skin, muscle, fat) and leads 
to low, but stable levels of estrogen (183). In postmenopausal women, AIs can lead to 
almost complete blockade of the pathway for estrogen production. In premenopausal 
women, due to negative feedback, AIs can cause an increase in estrogen levels 
hence it is important to never use AIs in premenopausal women. AIs are divided 
into steroidal (eg, exemestane) and nonsteroidal (eg, anastrozole, letrozole) categories.

Ovarian suppression is the practice of making a premenopausal woman eff ec-
tively postmenopausal by eliminating ovarian function. Th is can be accomplished 
surgically with oophorectomy, medically with the use of gonadotropin-releasing 
hormone agonists, or through the use of radiation to the ovaries.

TAMOXIFEN THERAPY

An EBCTCG meta-analysis of over 21,000 women from 20 prospective trials com-
pared at least 3 to 5 years of tamoxifen therapy to no tamoxifen (186). ER-positive 
patients who received tamoxifen had half the recurrence rate during years 0 to 
4 and a reduction by a third during years 5 to 9, with an overall recurrence rate 
reduction of 39% (RR 0.61; P < .00001) compared to those who did not receive 
tamoxifen (186). Th is demonstrates the carryover eff ect of tamoxifen aft er 
5 years, even aft er it is discontinued.

TAMOXIFEN DURATION

Th e benefi ts of tamoxifen in ER/PR+ patients are duration-dependent.

• EBCTCG completed a meta-analysis, which showed that 1 to 2 years of ther-
apy with tamoxifen was inferior to 5 years of tamoxifen adjuvant treatment for 
recurrence (P < .00001) and for BC mortality (P = .0001) (180).

• NSABP B-14 enrolled patients with ER+, lymph node negative BC, and ran-
domized women who remained disease-free at 5 years to an additional 5 years 
of tamoxifen or placebo. In this study, the extension of tamoxifen to 10 years 
initially showed a detriment in DFS for patients who continued tamoxifen for 
10 years (187,188). However, given that tamoxifen has a carryover eff ect with 
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mortality benefi ts increasing to at least 15 years, it was felt longer follow-up was 
needed before defi nitive conclusions could be drawn regarding trials extending 
tamoxifen treatment beyond 5 years.

• ATLAS was an open-label, international study conducted in 36 countries from 
1996 to 2005 that randomized women aft er 5 years of tamoxifen to receive 5 
more years of tamoxifen or to stop therapy.

• Results: With 3,428 ER+ women in the continued tamoxifen arm and 3,418 
ER+ women in the completion at 5 years arm, patients assigned to tamoxifen 
for 10 years had a reduced risk of recurrence (617 vs. 711 recurrences; P = .002), 
BC mortality (331 vs. 397 deaths; P = .01), and overall mortality (639 vs. 722 
deaths; P = .01) (189). Absolute BC mortality reduction was 2.8% (12.2% vs. 
15%) from years 5 to 14. Th e diff erences in recurrence and BC mortality eff ects 
were noted in the second decade aft er diagnosis. Th e diff erence in risk ratios for 
BC mortality for years 5 to 9 compared to aft er year 10 was signifi cant (RR 0.97 
vs. 0.71; P = 0.04) (189).

• Side eff ects: Tamoxifen-related adverse events included increased risk for pul-
monary embolus (1.87; P = .01) and endometrial cancer ECA (1.74; P = .0002). 
Th ere was no mortality diff erence from pulmonary embolus (0.2% in both 
groups), and there was a nonsignifi cant 0.2% diff erence (0.4% vs. 0.2%) in mor-
tality from ECA. Th ere did seem to be some cardiovascular protective eff ect 
from continuing tamoxifen, as that group had a reduction in the incidence of 
ischemic heart disease (RR 0.76; P = .02), with a trend toward improved mortal-
ity from heart disease without recurrence (P = .1) (189).

• Adjuvant Tamoxifen—To off er more? (aTTom): Th is was a UK-based multi-
center trial conducted from 1991 to 2005 enrolling almost 7,000 women. Simi-
lar to ATLAS, women were randomized aft er 5 years of tamoxifen to complete 
10 years of tamoxifen therapy or to stop therapy. More than 60% of patients had 
ER-unknown status.

• Results: Patients who continued tamoxifen had signifi cantly reduced BC recur-
rence (580/3,468 vs. 672/348; P = .003) and BC mortality (392 vs. 443 deaths; 
P = .05) (190). Overall mortality was reduced but was not signifi cant (P = .1). As 
in the ATLAS trial, reductions in BC recurrence and mortality, as well as overall 
mortality, were more pronounced in the later years (190).

• Side eff ects: In aTTom, there was an increased risk of ECA (RR 2.20; P < .0001) 
and death from ECA (37 vs. 20 deaths, absolute hazard 0.5%; P = .02).

• When results from ATLAS and aTTom were combined, improvement in OS was 
signifi cant (P = .005) (190).

AROMATASE INHIBITORS

AI trials have taken three main approaches:

1. Upfront: AI versus tamoxifen
2. Sequential: 1 to 3 years of tamoxifen followed by an AI versus tamoxifen to 

complete 5 years
3. Extended adjuvant: 5 years of tamoxifen followed by 5 years of an AI or 10 years 

of adjuvant AI versus 5 years of AI or 5 years of tamoxifen followed by 10 years 
of an AI.
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Recent analysis from the EBCTCG of 31,920 postmenopausal women with 
ER+ early-stage BC in the randomized trials of (a) 5 years of AI versus 5 years 
of tamoxifen, (b) 5 years of AI versus 2–3 years of tamoxifen followed by AI to 
complete 5 total years, and (c) 5 years of tamoxifen versus 2–3 years of tamoxifen 
followed by AI confi rmed the benefi t of upfront or any time exposure to adjuvant 
AI therapy in early-stage BC (191). AIs reduce recurrence rates by about 30% 
(proportionately) compared to tamoxifen during treatment, but not thereaft er. 
BC mortality was reduced overall with 5 years of an AI therapy, reducing 10-year 
BC mortality rates by 15% compared to 5 years of tamoxifen and 40% (propor-
tionately) compared to no hormone therapy (191). Th ere were fewer endometrial 
cancers with AI than tamoxifen (10-year incidence 0.4% vs. 1.2%; RR 0.33, 0.21–
0.51) but more bone fractures (5-year risk 8.2% vs. 5.5%; RR 1.42, 1.28–1.57). 
Non-breast-cancer mortality was similar (191).

Aromatase inhibitors upfront versus tamoxifen: Multiple studies show the 
benefi t of AI over tamoxifen as frontline adjuvant therapy for early-stage BC.

• Th e Arimidex, Tamoxifen, Alone or in Combination (ATAC) trial was one 
of the fi rst large-scale adjuvant hormonal phase III trials to show the benefi ts 
of an AI, anastrozole, in postmenopausal women (192). Th is was a three-arm, 
double-blind placebo-controlled study with patients with operable BC random-
ized aft er primary surgery and chemotherapy (if indicated) to adjuvant upfront 
tamoxifen (TAM) alone + placebo, anastrozole (ANA) alone + placebo, or con-
current tamoxifen + anastrozole (TAM+ANA).

• Results: Th e primary end point of DFS at 3 years showed that the absolute 
benefi t of ANA was 2% greater than TAM (89.4% vs. 87.4%) and 2.2% com-
pared to TAM+ANA (89.4% vs. 87.2%), indicating that the combination is not 
more eff ective than ANA alone. 10-year updated results showed continued DFS 
improvement in the ANA group compared to TAM, with a 10-year DFS benefi t 
in ER/PR+ patients of 4.3% (193). However, there was no OS diff erence between 
the TAM or ANA alone groups, even when evaluating only ER/PR+ patients.

• BIG 1-98 was a four-arm, double-blind trial of over 8,000 women with opera-
ble ER/PR+ BC who were assigned to 5 years of TAM monotherapy, 5 years of 
letrozole (LET) monotherapy, 2 years of TAM followed by 3 years of LET, or 2 
years of LET followed by 3 years of TAM (194).

• Results: Comparisons of LET alone to TAM alone favored LET, with 5-year 
DFS estimates of 84.0% versus 81.4% (DFS HR 0.81; 0.70–0.93); however, there 
was no OS diff erence between the two treatments (194).

Sequential Therapy

• BIG 1-98: Subsequent analysis of the sequential treatment groups compared to 
LET alone showed no diff erence in DFS or OS between either of the sequentially 
treated groups and the LET alone group, providing evidence that both upfront 
and sequential treatment with LET are acceptable treatment strategies.

• Results: Updated OS data of LET versus TAM alone showed a trend toward 
benefi t with LET, with absolute 5-year OS diff erences of 91.8% versus 90.9% 
(HR 0.87; 0.75–1.02; P = .08) (195).
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• Th e Tamoxifen Exemestane Adjuvant Multinational (TEAM): Th e amended 
study enrolled women with operable ER/PR+ BC in an open-label  randomized 
trial comparing upfront exemestane (EXE) for 5 years to TAM for 2 to 3 years 
 followed by EXE to complete 5 years of treatment.

• Results: No diff erences in DFS or OS were seen between the two groups (196).
• Th e Intergroup Exemestane Study (IES) randomized over 4,000 women with 

operable, ER/PR+ BC aft er 2 to 3 years of TAM to either continue TAM or 
switch to EXE to complete 5 years of therapy (197).

• Results: Th e primary end point of DFS was signifi cantly better in the group that 
switched to EXE, with DFS rates 3 years aft er randomization of 91.5%  versus 
86.8%. Updated OS results showed a benefi t with EXE when 122 ER-negative 
patients were excluded from analysis (17% relative risk reduction of death; 
P = .05) (198).

• MA.17 was a double-blind, placebo-controlled trial that randomized over 5,000 
women with operable ER/PR+ BC aft er 4.5 to 6 years of TAM to LET or placebo 
for 5 more years (199).

• Results: Th e primary end point of DFS was signifi cantly better for the LET 
group, with 4-year DFS of 93% in the LET group and 87% in the placebo group. 
Th ere was no OS diff erence between the groups in the fi rst analysis. However, 
exploratory multivariable analysis showed a signifi cant OS benefi t with LET 
for patients with axillary LN+ disease, tumors positive for both ER and PR, 
and for all patients when adjusting for women who crossed over to LET aft er 
unblinding (199–201). MA.17 patients randomized to receive placebo aft er 
TAM were unblinded and off ered LET. Th e median time aft er completing TAM 
was 2.8 years. Patients who accepted LET had signifi cantly improved DFS and 
OS when compared to patients who continued in the placebo group, showing 
that exposure to LET, even aft er a prolonged time had elapsed from TAM use, 
was still benefi cial (202).

• NSABP B-33: Similar to MA.17, women with early-stage, operable ER/PR+ BC 
were randomized aft er 5 years of TAM to either EXE or placebo for 5 more 
years.

• Results: Th e MA.17 trial results showing the benefi ts of extended adjuvant LET 
necessitated the early termination of patient accrual and unblinding of treat-
ment groups; 44% of patients in the placebo group crossed over to receive EXE. 
In the intention-to-treat analysis, 4-year DFS trended toward improvement with 
EXE (91% vs. 89%; P = .07) and recurrence-free survival (RFS) was signifi cantly 
improved in the EXE group (96% vs. 94%; P = .004), even in this underpowered 
study (due to early termination) with signifi cant crossover of the placebo group 
to active treatment (203).

• MA17R-trial: Th e MA17R trial extended adjuvant AI therapy to 10 years and 
accrued 1,918 women with ER/PR+ early stage BC to an additional 5 years of 
treatment with letrozole or placebo, aft er 5 years of tamoxifen+5 years of an AI or 
5 years of AI adjuvant therapy. Aft er a median follow-up of 6.3 years, there were 
165 events involving disease recurrence or the occurrence of contralateral BC (67 
with letrozole and 98 with placebo) and there was no diff erence in the number of 
deaths in each group. Th e 5-year DFS rate was 95% (95% CI 93–96) with letrozole 
and 91% (95% CI 89–93) with placebo. Th e annual incidence rate of contralat-
eral BC in the letrozole group was 0.21% (95% CI 0.10–0.32), and 0.49% (95% CI 



www.manaraa.com

5. EARLY-STAGE INVASIVE BREAST CANCER 113

0.32–0.67) in the placebo group (HR 0.42; P = .007). Letrozole-treated patients had 
higher incidence of bone pain, bone fractures, and new-onset osteoporosis, but 
no signifi cant diff erences were observed in scores measuring quality of life (204).

Aromatase inhibitor comparisons: Because ANA, LET, and EXE all showed ben-
efi t over TAM as adjuvant therapy in postmenopausal women, and absolute DFS 
benefi ts were similar between AIs, they have generally been considered to have sim-
ilar effi  cacies. Direct comparisons between AIs have been attempted to confi rm this.

• NCIC CTG MA.27 compared EXE to ANA as upfront adjuvant therapy in an 
open-label phase III study.

• Results: At a median follow-up of 4.1 years, the primary end point of event-free 
survival (EFS) at 4 years was no diff erent between patients taking EXE versus 
ANA (205).

 Femara versus Anastrozole Clinical Evaluation (FACE) trial compared LET 
to ANA. In total, 4,136, ER+, LN+ postmenopausal women with early-stage BC 
were randomized.

 Results showed the estimated 5-year DFS rates were similar, 84.9% for LET 
 versus 82.9% for ANA (HR 0.93; P = NS), and OS was not statistically diff erent 
between arms (HR 0.98; P = NS). Due to the low number of events, the study 
was terminated in September 2014 (206).

Extended adjuvant AI therapy: Similiar to tamoxifen, the recommended length of 
AI therapy has been a topic of research.

• MA17.R trial: Th is was a phase III randomized, double-blinded, placebo con-
trolled trial evaluating 5 years of extended letrozole therapy following 4.5–6 
years of adjuvant AI therapy. Aft er a median follow up of 6.3 years, the 5-year 
DFS rate was 95% with extended therapy and 91% with placebo (HR = 0.66, 
P = .01). Th ere was increased risk of bone fractures and osteoporosis in the 
extended therapy but no diff erence in quality of life scales (204).

Ovarian ablation and suppression: Postmenopausal women may have better 
oncologic outcomes than premenopausal women (180). Many studies that evaluate 
ovarian suppression to induce a postmenopausal state have been performed.

• EBCTCG analysis involving patients who received ovarian ablation or suppres-
sion (OAS) versus those that did not showed 15-year recurrence and BC mor-
tality rates were improved (47.3% vs. 51.6%; P = .00001 and 40.3% vs. 43.5%; 
P = .004, respectively) (180). Th e impact was greatest in trials comparing OAS 
to no adjuvant chemotherapy.

• Th e Tamoxifen and Exemestane Trial (TEXT) randomized premenopausal 
women with ER/PR+ BC to EXE 25 mg daily or TAM 20 mg daily for 5 years 
with OAS (triptorelin, an injectable luteinizing-hormone-releasing hormone 
[LHRH] agonist) every 4 weeks for 5 years, oophorectomy, or ovarian radiation. 
Adjuvant chemotherapy was allowed.

• Th e Suppression of Ovarian Function trial (SOFT) randomized 3,066 pre-
menopausal women with ER/PR+ BC to EXE 25 mg daily + OAS, TAM 20 mg 
daily + OAS, or TAM 20 mg daily alone for 5 years of therapy. Adjuvant chemo-
therapy was allowed.
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• Results: Aft er a median follow-up of 67 months, no signifi cant diff erence in the 
TAM alone arm versus the OAS arms for the unselected population was noted 
(DFS—86.6% vs. 84.7%, respectively, HR 0.83; P = .10) (207). However, further 
analysis did show a signifi cant DFS improvement when adjusting for prognostic 
factors. Multivariable analysis for prognostic factors found a benefi t with TAM 
+ OAS compared to TAM alone in younger patients and those receiving che-
motherapy (HR, 0.78; 95% CIs [0.62, 0.98]) (207). Most recurrences occurred 
in women who had received prior standard chemotherapy, which is generally 
given to the higher risk population. In the chemotherapy population at 5 years, 
the rate of freedom from BC was 85.7% in the EXE + OAS group, 82.5% in TAM 
+ OAS, and 78% in TAM alone. Th e EXE + OAS versus TAM was statistically 
signifi cant with HR 0.65 (95% CIs [0.49, 0.87]), a 35% reduction in the events in 
favor of the EXE + OAS arm (207).

• Side eff ects: Hot fl ashes, sweating, decreased libido, vaginal dryness, insomnia, 
depression, musculoskeletal symptoms, hypertension, and glucose intolerance 
(diabetes) were reported more frequently in the TAM + OAS than in the TAM 
group. Osteoporosis was reported in 5.8% in TAM + OAS versus 3.5% in TAM 
alone group.

• TEXT and SOFT trials: Th e primary analysis of OAS treatment arms was pub-
lished and combined data from 4,690 patients in the two trials.

• Results: Aft er 68 months median follow-up, DFS at 5 years was excellent for 
both treatment groups, 91.1% in EXE + OAS and 87.3% in the TAM + OAS 
group with a 28% reduction in the events in the EXE + OAS group (HR = 0.72; 
P = .0002) (207). With only 194 deaths (4.1%), this analysis did not show an 
OS advantage with EXE + OAS compared to TAM + OAS. Th e 4% absolute 
diff erence in DFS in favor of EXE + OAS versus TAM + OAS was statistically 
signifi cant at 5 years and refl ected reductions in local, regional, distant, and 
contralateral BC events. It should be noted that the majority (60%) of the fi rst 
recurrence events involved recurrences at a distant site and may aff ect survival 
with longer follow-up (208).

 Th e TEXT and SOFT trials provide evidence that OAS combined with either 
TAM or EXE can provide clinical benefi t in select premenopausal, early-stage 
patients with a higher risk of recurrence such as women who are younger than 
35 years of age and women who received chemotherapy and did not become 
menopausal. However, OS diff erences are currently lacking at this time for both 
TEXT and SOFT trials.

Tables 5.6 and 5.7 summarize key adjuvant hormone studies with our recommen-
dations for adjuvant hormone therapy in Box 5.2.

Adjuvant Chemotherapy
WHO SHOULD BE CONSIDERED FOR ADJUVANT CHEMOTHERAPY?

Th e benefi t from adjuvant chemotherapy in terms of reduction in the risk of BC 
recurrence and improvements in BC specifi c and OS has been demonstrated in the 
EBCTCG analysis, but the side eff ects such as cytopenias, nausea, vomiting, gastroin-
testinal toxicities, fever/neutropenia, sensory neuropathy, heart dysfunction/failure, 

(text continues on page 121)
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Table 5.6 Key Adjuvant Hormonal Therapy Early-Stage BC Trials, Treatment for ≤5 Years 

Study Design
Key eligibility 
 criteria/N = patients Primary end point results

OS difference and 
 other study end points Toxicities

ATAC (192) Upfront A vs. 
upfront T vs. 
A + T
Placebo- 
controlled

HR+/−
No neo-adj chemo; 
N = 9,366

DFS; A > T HR: 0.83 
(P = .013)
A > A + T HR: 0.81 
(P = .006)
A + T = T HR: 1.02 (P = .8)

No
A = T HR: 0.95 (P = .4), 
3 yr DFS (%) A > T > AT: 
89.4 vs. 87.4 vs. 87.2
A > T DFS in HR+ HR: 
0.86 (P = .003)
A > T ARR: 4.3% at 10 yr

T > A: hot fl ushes, 
 vaginal discharge and 
bleeding, CVA, VTE, 
ECA
A > T: MSK d/o, 
 fractures (mainly spine)

ARNO 95 
(209)

Sequential: 
T × 2 yr, then A 
or T to fi nish 5 yr

HR+
pT1-3, pN0-2
No chemo; N = 979

DFS; A > T HR: 0.66 
(P = .049)

Yes—A > T HR: 0.53 
(P = .045); 3 yr DFS 
 absolute diff 4.2%

Fewer AEs (%) in A 
(22.7) vs. T (30.8)

ABCSG 8 
(210)

Sequential: 
T × 2 yr, then 
A or T to fi nish 
5 yr

HR+, G1-2
No chemo
Low-int risk; 
N = 3,714

RFS; A = T HR: 0.80 (P = .06)
When compensating for 
crossover:
A > T HR: 0.76 (95% CIs 
[0.60, 0.97])

No—A = T HR: 0.87 
(P = .34); DRFS 22% 
risk reduction (HR 0.78; 
0.60–0.99)

More bone pain in A vs. 
T (3.6% diff, P < .02)
More uterine d/o in 
T vs. A (20.2% vs. 
14.1%, P < .001)

ITA (211) Sequential: 
T × 2–3 yr, then 
A or T to fi nish 
5 yr

ER+, LN+; N = 448 DFS; A > T HR: 0.35 
(P = .001)

No—A = T HR: 0.79 
(P = .3); 3 yr diff in RFS 
5.8%

More AE in A vs. 
T (203 vs. 150, P = .04)
More SAE (%) in 
T (22 vs. 13.9, P = .04)
More GYN changes 
(%) in T (11.3 vs. 1, 
P = .0002)
Sig more GYN prob-
lems in T (8 ECA vs. 1)

(continued )
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Table 5.6 Key Adjuvant Hormonal Therapy Early-Stage BC Trials, Treatment for ≤5 Years 

Study Design
Key eligibility 
 criteria/N = patients Primary end point results

OS difference and 
 other study end points Toxicities

ABCSG 8 
+ ARNO 95 
(212)

Planned, 
 event-driven 
combined 
analysis

HR+
No chemo; N = 3,224

EFS; A > T HR: 0.60 
(P = .0009)

No—3 year OS A vs. 
T: 97% vs. 96%, P = .16; 
3 yr DFS (%) A > T: 95.8 
vs. 92.7

Sig A > T fractures, 
nausea, trend toward 
bone pain
Sig T > A thromboses, 
trend toward emboli 
and ECA

ABCSG 8 + 
ARNO 95 + 
ITA (211)

Meta-analysis N = 4,006 DFS; A > T HR: 0.59 
(P < .0001)

Yes—A > T HR: 0.71 
(P = .0377); A > T EFS 
HR: 0.55 (P < .0001)
A > T DRFS HR: 0.61 
(P = .0015)

BIG 1-98 
(194)

Upfront T vs. 
upfront L
Double-blind

HR+; N = 8,010 DFS; L > T HR: 0.81 
(P = .003)

No—L=T HR: 0.87 
(P = .08); 5 yr DFS (%) 
estimates 84 vs. 81.4

Sig L > T: fractures 
(5.7% vs. 4%), grade 
3–5 cardiac events, 
arthralgia, cholesterol 
elevation
Sig T > L: VTE, GYN 
bleeding, ECA (0.3% 
vs. 0.1%), hot fl ashes

(continued )

(continued )
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Table 5.6 Key Adjuvant Hormonal Therapy Early-Stage BC Trials, Treatment for ≤5 Years 

Study Design
Key eligibility 
 criteria/N = patients Primary end point results

OS difference and 
 other study end points Toxicities

BIG 1-98 
(195)

Sequential T/L 
or L/T vs. L 
alone

HR+; N = 6,182 DFS; T/L = L HR: 1.05 
(0.84–1.32)
L/T = L HR: 0.96 (0.76–
1.21)

No—T/L = L HR: 1.13 
(0.83–1.53); L/T = L HR: 
0.90 (0.65–1.24); T/L vs. 
L/T vs. L 5 yr DFS (%): 
86.2 vs. 87.6 vs. 87.9; 
T/L vs. L/T vs. L 5 yr OS 
(%): 92.4 vs. 93.7 vs. 
93.4 

Sig T > L: VTE, GYN 
bleeding, hot fl ashes, 
night sweats
Sig L > T: HLD, arthral-
gia, myalgia, fractures

IES (198) Sequential: 
T × 2–3 yr, then 
E vs. T to fi nish 
5 yr
Double-blind

ER+ or unknown; 
N = 4,742

DFS; E > T HR: 0.68 
(P < .001)

No
E=T HR: 0.85 (P = .08)
ER (−) excluded HR: 
0.83 (P = .05); 3 yr DFS 
(%) 91.5 vs. 86.8

Sig E > T: arthralgia, 
diarrhea, osteoporosis, 
visual disturbances
Sig T > E: GYN sxs, 
vag bleed, muscle 
cramps, VTE, 2nd 
 primary nonbreast CA

TEAM (196) E alone × 5 yr 
vs. after T × 
2–3 yr for 5 yr 
(amended after 
IES results)

HR+; N = 9,766 DFS; E = T/E HR: 0.97 
(P = .6)

No—5 year OS 91% in 
both (HR 1.00); no differ-
ence in distant mets
T/E vs. E DFS (%) 5 yr: 
85 vs. 86
T/E vs. E RFS (%) 5 yr: 
11 vs. 10 (P = .29)

T/E > E: GYN sxs, VTE, 
endometrial abn
E > T/E: MSK AEs, 
osteoporosis, frac-
tures, HTN, HLD, CHF

(continued )

(continued )
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Table 5.6 Key Adjuvant Hormonal Therapy Early-Stage BC Trials, Treatment for ≤5 Years 

Study Design
Key eligibility 
 criteria/N = patients Primary end point results

OS difference and 
 other study end points Toxicities

SOFT (207) T vs. T + OS vs. 
E + OS for 5 yr

HR+, premenopausal 
after chemotherapy
N = 1021 T, 1024 T + 
OS, 1021 E + OS 

DFS; T vs. T + OS HR 0.83 
(P = .1)

No—E + OS vs. T recur-
rence HR 0.65; 95% CIs 
[0.49, 0.87]

OS > hot fl ashes, 
sweating, GYN, oste-
oporosis, insomnia, 
depression, muscu-
loskeletal symptoms, 
hypertension, 

TEXT + 
SOFT (208)

T + OS vs. E + 
OS for 5 yr

HR+, premenopausal
N = 4,719

DFS; T + OS < E + OS 
(HR 0.72; P < .001)

No—E + OS = T + OS E + OS > fractures, 
musculoskeletal 
 symptoms, GYN sx
T + OS > VTE, hot 
fl ashes, sweating, and 
urinary incontinence 

A, anastrozole; abn, abnormalities; adj, adjuvant; AE, adverse events; AG, aminoglutethimide; ARR, absolute reduction of recurrence; ax, axillary; 
A+T,  anastrozole and tamoxifen concurrently; BC, breast cancer; CA, cancer; chemo, chemotherapy; CHF,  congestive heart  failure; CVA,  cerebrovascular 
accident; d/o, disorders; diff, difference; DFS, disease-free survival; DRFS, distant relapse free survival; E, exemestane; ECA,  endometrial cancer; EFS, 
event-free survival; G1–2, grade 1–2; GYN, gynecologic; HLD, hyperlipidemia; HR, hazard ratio; HR+/−, hormone receptor; int, intermediate; L, letrozole; LN, 
lymph node; L/T, letrozole  followed by tamoxifen; MSK, musculoskeletal; OS, ovarian suppression; plac, placebo; SAE, serious adverse events; sig, signifi -
cant; sxs, symptoms; T, tamoxifen; T/E, tamoxifen  followed by exemestane; T/L, tamoxifen followed by letrozole; VTE, venous thromboembolism.

(continued )
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Table 5.7 Key Extended Adjuvant Hormonal Therapy Early Breast Cancer Trials, Treatment for >5 Years 

Study Design
Key eligibility 
criteria N = patients

Primary end 
point/results OS difference

Other end 
points Toxicities

ATLAS 
(189)

Tam × 5 yr vs. 
10 yr

HR+/−
Disease-free 
at 5 yr

6,846 OS; T >none 
ERR: 0.87 
(P = .01)

Yes—639 vs. 722 
deaths

10 yr T: ECA, 
 pulmonary embo-
lus. Protective on 
ischemic heart 
disease 

aTTom 
(190)

Tam × 5 yr vs. 
10 yr 

ER+ or 
unknown

6,953 BC recurrence; 
T >none: 580 vs. 
672 (P = .003)

No
Overall mortal-
ity: 849 vs. 910 
deaths (P = .1)

Reduction in 
BC recurrence, 
mortality, and 
overall  mortality 
increased with 
time

10 yr T: ECA (RR 
= 2.20), ECA 
deaths (absolute 
hazard 0.5%, 
P = .02)

ABCSG 
6a (213)

Extended: Tam 
or Tam + AG × 
5 yr then A or 
nothing × 3 yr

HR+
stage I or II
pT1-3a, N+/−

1,135 RFS; T + A > 
T HR: 0.62 
(P = .031)

No
T + A = T HR: 
0.89 (P = .57)

Distant mets 
only signifi cant 
 difference 
(16 vs. 35 
events, 
P = .034) 10 yr 
recurrence (%) 
T + A vs. T: 7.1 
vs. 11.8

Signifi cant T + A 
> T hot fl ushes, 
asthenia, som-
nolence, allergy, 
skin rash/toxicity, 
hair loss, nausea 
(all grade 1)

(continued )
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Table 5.7 Key Extended Adjuvant Hormonal Therapy Early Breast Cancer Trials, Treatment for >5 Years 

Study Design
Key eligibility 
criteria N = patients

Primary end 
point/results OS difference

Other end 
points Toxicities

MA17 
(199)

Extended after 
Tam × 4.5–6 yr,
L vs. plac × 
5 more yr; 
double-blind, 
placebo- 
controlled

HR+ 5,187 DFS; L > plac 
HR: 0.57 
(P = .00008)

Yes, in ER+/PR+ 
L > plac HR: 0.58 
(0.37–0.90)
Yes, in LN+
L > plac HR: 0.61 
(P = .04)

4 yr DFS L vs. 
plac: 93% vs. 
87% P < .001
No OS diff in 
ITT analysis
OS diff when 
factoring for 
crossover

Sig L > P : hot 
fl ashes, arthritis, 
arthralgia, myalgia
Sig P > L: vaginal 
bleeding
Trend toward 
more osteoporo-
sis with L (P = .07)

NSABP 
B-33 (197)

Extended: after 
Tam × 5 yr, 
then E vs. plac 
× 5 more yr
Double-blind, 
stopped early

HR+
T1-3, N0-1

1,598 DFS; E = plac 
HR: 0.68 
(P = .07)

No
Not enough 
deaths to draw 
conclusions

E vs. plac 4 yr 
DFS (%): 91 
vs. 89
E vs. plac 4 yr 
RFS (%): 96 vs. 
94, RRR 56% 
P = .004

Grade 3 toxicity 
(%) higher in E vs. 
plac (9 vs. 6)

A, anastrozole; DFS, disease-free survival; E, exemestane; ECA, endometrial cancer; ER, estrogen receptor; HR, hormone receptor; L, letrozole; 
LN, axillary lymph node; OS, overall survival; plac, placebo; RFS, recurrence-free survival; RRR, relative risk or recurrence; Tam, tamoxifen.

(continued )
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Box 5.2 Recommendation for Adjuvant Hormonal Treatment by 
Menopausal Status

Premenopausal women
• Tamoxifen 20 mg daily for 5 to 10 years
• Very young premenopausal women (≤35 or requiring adjuvant chemo-

therapy)—consider luteinizing-hormone-releasing hormone (LHRH) 
agonist every 4 weeks (triptorelin, Lupron, or Zoladex monthly injections) 
with tamoxifen or exemestane for 5 years (207). Given that premeno-
pausal women may have increased estrogen with AI, AI should be started 
approximately 6 weeks aft er LHRH to allow full ovarian suppression.

Postmenopausal women
• Up front aromatase inhibitor for 5–10 years is the most common treatment.
• Sequential tamoxifen for 5 years followed by AI for 5–10 years can be con-

sidered.
• If unable to tolerate AI up front, use tamoxifen for 10 years.

and leukemia may be substantial (179). Th e individual patient’s absolute benefi t from 
adjuvant chemotherapy depends on the pathologic prognostic  factors (tumor size, 
number of positive lymph nodes, ER/PR and HER2 status, Ki-67, genomic tests) as 
well as the patient’s comorbidities and life expectancy. Th e fi nal decision to “give or 
not give” chemotherapy is based on assessment of the patient’s risk of recurrence 
and death from intercurring malignancy, the patient’s medical “fi tness” to tolerate 
chemotherapy, and overall personal goals.

 h Patients with an ECOG performance status of 3 or 4, life expectancy of 
less than 2 to 5 years, and severe comorbid conditions are not good candidates 
for adjuvant chemotherapy.

TUMOR GENOMIC MULTIGENE ASSAYS

With increased understanding of tumor biology and genomics, multiple gene-
based tumor assays have been developed to estimate the likelihood of BC recur-
rence and the benefi t of hormonal therapy or chemotherapy + hormonal therapy. 
As more data are gathered, these tests have had an increasingly prominent role in 
assessing prognosis and predicting benefi t of therapy. In Table 5.8, we summarize 
the genomic tumor tests and indications for use.

Genomic Tests for Extended Hormone Therapy

Hormone receptor positive BC is known for late recurrences (214). Given that 
there are many side eff ects (hot fl ashes, sweats, bone loss, endometrial pathology, 
and ECA) of extended HT, identifi cation of those patients who will benefi t from 
extended HT is a goal of molecular diagnostics. Breast Cancer Index and EndoPre-
dict are two genomic tests that assess the risk for late recurrence. At this time, our 
recommendations are to consider these tests in select patients.
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Table 5.8 Genomic Tests for Breast Cancer

Test name Company
Number of 
genes

FDA 
 approved

Recommending 
 organizations

Appropriate 
 candidate/purpose

Prognostic/ 
predictive Score

Prospective 
clinical trials

Oncotype 
Dx 21 gene 
recurrence 
score

Genomic 
Health

21 No NCCN
ASCO
ESMO
St. Gallen
NICE

ER+, HER2−
Node negative
1–3 Node positive

Prognostic and 
predictive of 
adjuvant chemo-
therapy 

Low <18,
intermedi-
ate 18–30, 
high 31+

TAILORx, 
RxPonder

MammaPrint 
Amsterdam 
70 gene 
profi le

Agendia 70 Yes ESMO
St. Gallen

Any receptor 
pattern
Node negative
1–3 Node positive

Prognostic and 
predictive of 
adjuvant chemo-
therapy

Low or 
high risk

Raster, 
 MINDACT

Prosigna 
Predictor 
Analysis of 
Microarray 
50 gene

NanoString 50 Yes St. Gallen ER+
Node negative
1–3 Node positive

Prognostic Low, inter-
mediate, 
high risk of 
recurrence

Breast 
 Cancer Index

BioThera-
nostics

Molecular 
Grade Index 
and H/I 
(HOXB13:
IL17BR) 
ratio

No St. Gallen ER+ Prognostic for 
risk of late dis-
tant recurrence 
Predictive for 
benefi t of pro-
longed hormone 
therapy

Low (<5) 
or high 
(>5)

EndoPredict Sividon/ 
Myriad

qPCR-
based
12 gene 

No St. Gallen ER+, HER2–
Node negative
1–3 Node positive

Prognostic for 
late distant 
metastasis

EPclin 
score low 
or high
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Genomic Tests for Addition of Chemotherapy to Hormonal Therapy

Th e developers of these tests initially relied upon retrospective analysis of large 
prospective randomized trials conducted several decades ago. More recently, two 
prospective randomized genomics driven trials (TAILORx and MINDACT) in 
patients with early-stage BC using two diff erent sets of cancer-associated genes 
have been reported (215,216). Th ese tests are expensive, and while most are cov-
ered by insurance, consideration of the indication and usefulness of the informa-
tion should be considered prior to ordering. We discourage ordering more than 
one genomic test for the same purpose on the same tumor and additionally recom-
mend careful assessment of baseline clinicopathologic tumor factors before con-
sidering any one of these tests (217).

Genomic Tests and Their Validation Trials
ONCOTYPE DX TRIALS

Th e Oncotype Dx assay (Genomic Health, Redwood, California) is a 21-gene 
tumor tissue assay that uses optimized RT-PCR technology for quantifying gene 
expression in formalin-fi xed, paraffi  n-embedded tumor tissue to provide an indi-
vidualized prediction of the benefi t of adjuvant chemotherapy and the rate of BC 
recurrence at 10 years. Sixteen cancer-related genes, associated with distant recur-
rence free survival and fi ve control genes, were used to provide a recurrence score 
(RS) from 0 to 100 as a continuous variable, which can then be used to predict 
the chance of recurrence in patients with early-stage LN–/1-3LN+, ER+, HER2− 
BC. Low RS (<18) conveys an average risk of recurrence of 6.8%, intermediate 
RS  (18–31)—14.3% and high RS (>31)—30.5% at 10 years (218,219). Th is mul-
tigene expression assay is incorporated into various guidelines (ASCO, NCCN, 
ESMO, St Gallen).

Th e NSABP B-20 trial was used to evaluate the ability of Oncotype Dx to pre-
dict distant recurrence in patients with ER+ LN negative BC who were treated 
with TAM alone or TAM + cyclophosphamide, methotrexate, and 5-fl uorouracil 
(CMF). Patients with a tumor RS of ≥31 experienced a large benefi t from che-
motherapy (HR 0.26, 95% CIs [0.13, 0.53]; absolute decrease in 10-year distant 
recurrence rate: mean 27.5%), while patients with a RS of ≤18 had no benefi t from 
chemotherapy (218,219). Patients with an intermediate RS did not appear to expe-
rience a benefi t from chemotherapy; however, due to the small number of patients 
in this subgroup, a modest benefi t could not be excluded (218,220).

SWOG 8814 was used to generate the predictive clinical validity of Oncotype 
Dx in women with ER+, 1–3 lymph node positive BC who were either treated with 
TAM alone or chemotherapy + TAM. Th e study suggests that patients with 1 to 3 
lymph node positive with low RS ≤18 do not seem to benefi t from adjuvant chemo-
therapy (HR 1.02, 95% CIs [0.54, 1.93]), whereas those with a high RS ≥31 show an 
improvement in DFS, independent of the number of positive nodes (HR 0.59, 95% 
CIs [0.35, 1.101]) (221).

 h The decision to use Oncotype Dx in patients with ER+ HER2− BC with 1 
to 3 positive nodes can be discussed with patients. 

Th e Trial Assigning Individualized Options in Treatment (TAILORx) 
NCT00310180 is a large phase III trial of more than 10,000 women with ER+, 

https://clinicaltrials.gov/ct2/show/NCT00310180
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LN negative disease and prospectively evaluates the role of Oncotype Dx 21 gene 
expression assay in making a decision for adjuvant systemic therapy (222). Th e 
investigators used diff erent RS cutoff s in this study: “low risk” ≤10, “intermediate 
risk” 11 to 25, and high risk >25. Patients with a low-risk score received HT only. 
Th e data on outcome from the low-risk group have been analyzed and show that 
at 5 years, the rate of invasive BC DFS was 93.8% (95% CIs [92.4, 94.9]), the rate of 
freedom from recurrence of BC at a distant site was 99.3% (95% CIs [98.7, 99.6]), 
and the rate of OS was 98% (95% CIs [97.1, 98.6]) on HT alone (216).

 h The TAILORx results confi rm the predictive ability of Oncotype Dx in the 
“low risk” (RS ≤10), ER/PR+ HER2−, LN− BC patients who should receive hor-
monal treatment alone.

Patients with intermediate risk scores were randomized to HT alone or chemo-
therapy + HT. Th ese intermediate risk patients are still being followed and results 
are not yet available. Th e fi ndings from this trial will help clarify the benefi t of 
treating patients at intermediate risk with adjuvant chemotherapy.

MAMMAPRINT TRIALS

MammaPrint (Agendia, Irvine, California) is a microarray-based test that uses 
paraffi  n-embedded tumor tissue to determine expression levels of 70 cancer- 
associated genes to assess distant recurrence risk in early-stage BC, irrespective 
of ER or HER2 expression (223). In 2007, the FDA cleared the MammaPrint test 
for use in the United States for LN− BC patients of all ages, with ER− or ER+, 
tumors <5 cm. Th e test is resulted in a binary fashion as low risk or high risk of BC 
recurrence. A “low-risk” MammaPrint result conveys an average 10% chance of BC 
recurrence while a “high-risk” MammaPrint conveys a 29% chance of BC recur-
rence within 10 years without any additional adjuvant treatment, either hormonal 
therapy or chemotherapy (224). Th e 5-year distant recurrence free interval (DRFI) 
probabilities for low-risk and high-risk BC patients were 97.0% and 91.7% (225). 
In a univariate analysis looking at other clinical pathologic factors, MammaPrint’s 
prognostic value is highly statistically signifi cant (P = .002) (225).

Th e microarRAy-prognoSTics-in-breast-cancER (RASTER) study prospec-
tively evaluated the performance of MammaPrint in 427 BC patients with T 1–3, 
LN− tumors with 5-year DRFIs as the primary outcome measure (225). Th e 5-year 
DRFI probabilities were compared between subgroups based on MammaPrint and 
Adjuvant! Online, and adjuvant chemotherapy was used based on doctors’ and 
patients’ preferences of following gene array or clinicopathologic indices. As com-
pared to standard clinicopathological classifi cation, MammaPrint restratifi ed 20% 
of clinical high-risk patients to low risk. Aft er a median follow-up time of 61.6 
months, the 124 patients who were classifi ed as low risk by MammaPrint and high 
risk by Adjuvant! Online, of whom 94 (76%) chose not to receive adjuvant chemo-
therapy, had a 5-year DRFI of 98.4%.

 h The RASTER study suggests that MammaPrint low-risk patients can 
safely forgo chemotherapy. 

TransBig trial was a validation study. Patients (n = 307, with 137 events aft er a 
median follow-up of 13.6 years) were divided into high- and low-risk groups based 
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on the MammaPrint 70 gene signature classifi cation and on clinicopathologic risk 
classifi cation (226). Hazard ratios were computed for time to distant metastases, 
DFS, and OS in high- versus low-risk groups. In this study the 70-gene tissue test 
was better than the clinicopathologic risk assessment in predicting all end points. 
For OS, the 70-gene signature had an unadjusted HR = 2.79 (95% CIs [1.60, 4.87]), 
while the clinicopathologic risk had an HR = 1.67 (95% CIs [0.93, 2.98]). Th is con-
fi rmed that the 70-gene MammaPrint test had independent prognostic value.

MIcroarray for 0–3 Node+ Disease may Avoid Chemotherapy Trial 
( MINDACT), EORTC 10041, BIG 3-04 was a large-scale international prospec-
tive randomized study. Th e study participants were divided into four risk groups, 
based on the risk of recurrence assessed by clinical pathologic risk (C) (modifi ed 
version Adjuvant! Online) and genomic (G) risk by MammaPrint. G-low/C-low 
recieved no chemotherapy, G-high/C-high received chemotherapy, and the G-low/
C-high and G-high/C-low were randomized to chemotherapy or no chemother-
apy. Th e results were presented at the AACR 2016 Plenary Session by Piccart et al. 
(215). Patients who received treatments guided by genomic tumor assessment 
with MammaPrint had a 5-year distant metastasis-free survival (DMFS) for the 
discordant G-low/C-high-risk group (48% LN+) over 94% whether they received 
 chemotherapy or not (227). Of note, the G-low/C-high whom received chemother-
apy had a DMFS of 96%, but the 1.5% diff erence was not statistically signifi cant. 
Among the patients in the clinical high-risk group (C-high), the use of Mam-
maPrint genomic testing was associated with 46% reduction in the use of adju-
vant chemotherapy. Approximately 14% of study participants could have avoided 
 chemotherapy if treated according to genomic risk versus the traditional clinico-
pathologic assessment of recurrence by the Adjuvant! Online program (215).

Th e Symphony trial: Using Symphony in Treatment Decisions Concerning 
Adjuvant Systemic Th erapy (Symphony), NCT02209857 will measure and com-
pare the proportion of patients receiving adjuvant chemotherapy in the group of 
patients receiving MammaPrint and the group that does not receive MammaPrint.

Commonly Used Adjuvant Chemotherapy Regimens
To understand the current use of adjuvant chemotherapy, one needs to appreciate the 
history and multiple trials conducted to prove the therapies’ benefi t.  Meta-analyses 
showed that standard CMF compared to standard four cycles of doxorubicin and 
cyclophosphamide (AC) were equivalent (RR 0.98, SE 0.05, 2P = .67) and that 
 anthracycline-based regimens with substantially higher cumulative dose of anthra-
cycline than standard four doses of AC (eg, CAF or CEF) were superior to standard 
CMF (RR 0.78, SE 0.06, 2P = .0004). Trials versus no chemotherapy also suggested 
higher mortality reductions with CAF (RR 0.64, 2P < .0001) than with standard 
4AC (RR 0.78, 2P = .01) or standard CMF (RR 0.76, 2P < .0001) (228). We include a 
brief synopsis of the history and trials that led to a transition from fi rst to third gen-
eration regimens frequently used in the United States. In all EBCTCG chemother-
apy meta-analyses involving taxane- or anthracycline-based regimens, proportional 
risk reductions were not aff ected by age, LN status, tumor size or diff erentiation, 
ER expression, or tamoxifen use. Addition of four cycles of a taxane to a fi xed anth-
racycline regimen, reduced BC mortality (RR 0.86, two-sided signifi cance [2P] = 
.0005) (228). While third generation regimens are more eff ective, they can have a 

https://clinicaltrials.gov/ct2/show/NCT02209857
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high side-eff ect profi le—with the small but present risk of late-onset complications 
of myelodysplastic syndrome, secondary leukemia, and heart failure. Th erefore, for 
lower risk disease, a second generation regimen such as TC may be appropriate. For 
patients who are elderly, have multiple comorbidities, and who are frail, but still 
need adjuvant chemotherapy, even a fi rst generation regimen such as CMF may still 
be an option. Commonly used contemporary chemotherapy regimens and dosing 
schedules are listed in Tables 5.9 and 5.10.

FIRST GENERATION—CMF AND AC

Cyclophosphamide, methotrexate, and 5-fl uorouracil (CMF). In 1973 cyclo-
phosphamide, methotrexate, and 5-fl uorouracil (CMF) was one of the fi rst com-
bination adjuvant chemotherapy regimens tested in a prospective clinical trial for 
the treatment of BC. Th is trial randomized women with LN+ BC aft er radical 
mastectomy to 12 cycles of CMF, administered every 28 days versus no additional 
treatment.

Results: Improved DFS (HR 0.71; P = .005) and OS (HR 0.79; P = .04) for CMF 
was observered as compared to the control population (229). A subsequent study 
found that 6 cycles of adjuvant CMF was as eff ective as 12 cycles of adjuvant CMF 
(230).

NSABP-B-15—doxorubicin and cyclophosphamide (AC): Around the same 
time the CMF regimen was developed, researchers found that doxorubicin was 
highly active in the treatment of metastatic BC (231,232). Th e NSABP B-15 trial 
was a trial randomizing women with LN+ BC to doxorubicin and cyclophospha-
mide (AC) every 3 weeks for 4 cycles given over 12 weeks versus CMF given for 6 
cycles over 24 weeks.

Results: Th e 3-year DFS (62% vs. 63%; P = .5) and OS rates (83% vs. 82%; 
P = .8) were similar for AC compared to CMF (233).

Table 5.9 Examples of Commonly Used Adjuvant Chemotherapy Regimens

Generation Regimen

First Cyclophosphamide, methotrexate, 5-fl uorouracil (CMF)
Doxorubicin and cyclophosphamide (AC)
5-fl uorouracil, epirubicin, and cyclophosphamide (FEC50)

Second Fluorouracil, cyclophosphamide, and epirubicin (FEC100)
Cyclophosphamide, doxorubicin, and 5-fl uorouracil 
(CAF or FAC)
Sequential doxorubicin/cyclophosphamide followed by 
paclitaxel (AC-T)
Sequential epirubicin followed by CMF
Docetaxel plus cyclophosphamide (TC)

Third Docetaxel, doxorubicin, and cyclophosphamide (TAC)
Sequential FEC-taxane therapy
Dose dense sequential doxorubicin/cyclophosphamide 
paclitaxel (dose dense AC-T)
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Table 5.10 Common Regimen Details

Generation Regimen Drug Dose and route Days
Cycle 
length

Number 
of cycles Key toxicities

Third DD-AC 
+ weekly 
 paclitaxel

Doxorubicin 60 mg/m2 IV Day 1 Every 14 
days

4 –  High risk for emesis and 
for febrile neutropenia

–  Risk for cardiotoxicity, 
allergic reaction, and 
peripheral neuropathy 

Cyclophosphamide 600 mg/m2 IV Day 1

Paclitaxel 80 mg/m2 IV Weekly Every 7 
days

12

Third DD-AC 
+ DD 
 paclitaxel

Doxorubicin 60 mg/m2 IV Day 1 Every 14 
days

4 –  High risk for emesis for 
febrile neutropenia

–  Risk for cardiotoxicity
–  Paclitaxel has high risk 

for allergic reaction and 
peripheral neuropathy

Cyclophosphamide 600 mg/m2 IV Day 1

Paclitaxel 175 mg/m2 IV Every 2 
weeks

Every 14 
days

6

Third TAC Docetaxel 75 mg/m2 IV Day 1 Every 21 
days

6 –  High risk for emesis and 
febrile neutropenia

–  Risk for cardiotoxicity, aller-
gic reaction, fl uid retention, 
and peripheral neuropathy

Doxorubicin 50 mg/m2 IV Day 1

Cyclophosphamide 500 mg/m2 Day 1

Second TC Docetaxel 75 mg/m2 IV Day 1 Every 21 
days

4 –  Moderate risk emesis
–  Intermediate febrile 

 neutropenia
–  High risk for allergic 

reaction

Cyclophosphamide 600 mg/m2 IV Day 1

(continued )



www.manaraa.com

1
2
8 

HANDBOOK OF BREAST CANCER AND RELATED BREAST DISEASE

Table 5.10 Common Regimen Details

Generation Regimen Drug Dose and route Days
Cycle 
length

Number 
of cycles Key toxicities

First CMF Cyclophosphamide 600 mg/m2 IV
or 100 mg/m2 
orally on days 1–14

Days 1 
and 8

Every 28 
days

6 –  Moderate risk for emesis
–  Low risk for febrile neu-

tropenia
–  Adjust renal function 

methotrexate if CrCl <50
–  Adjust cyclophosphamide 

bili >3

Methotrexate 40 mg/m2 IV Days 1 
and 8

5-fl uorouracil 600 mg/m2 IV Days 1 
and 8

First AC Doxorubicin 60 mg/m2 IV Day 1 Every 21 
days

4 –  High-risk emesis
–  Doxorubicin cardiomyo-

pathy 

Cyclophosphamide 600 mg/m2 IV Day 1

(continued )
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SECOND GENERATION—ADDITION OF TAXANE

CALGB 9344—sequential doxorubicin/cyclophosphamide followed by pacli-
taxel (AC-T): In the 1990s, taxanes were developed and shown to have effi  cacy 
in the treatment of BC (234,235). However, concurrent administration of pacli-
taxel with doxorubicin, another highly active cytotoxic agent for metastatic BC, 
was associated with substantial cardiotoxicity due to paclitaxel resulting in greater 
doxorubicin exposure (236).

Th e CALGB 9344 study was therefore developed to evaluate the benefi t of 
paclitaxel when given following completion of AC in LN+ operable BC. Th e study 
employed a 2 × 2 factorial design to evaluate escalating doses of doxorubicin in 
combination with cyclophosphamide every 21 days for four cycles, given alone or 
followed sequentially by four cycles of paclitaxel.

Results: Th e study found that the addition of four cycles of paclitaxel aft er 
four cycles of AC was associated with improved DFS (HR 0.83; P = .0023) and OS 
(HR 0.82; P = .006) compared to AC alone (235). Th e study also found that the 
escalation of doxorubicin dose had no eff ect on outcomes (235).

US Oncology Research Trial 9735—Docetaxel and cyclophosphamide (TC): 
In an eff ort to fi nd a nonanthracycline-based BC chemotherapy regimen, the U.S. 
Oncology Research phase III trial evaluated the effi  cacy of docetaxel and cyclo-
phosphamide (TC) compared to doxorubicin and cyclophosphamide (AC) in the 
treatment of patients with operable BC. Patients were assigned to four 3-week 
cycles of AC or TC.

Results: TC was associated with signifi cantly improved DFS (HR 0.74; P = .033) 
and OS (HR 0.69; P = .032) compared to AC. However, the study did not have suffi  -
cient power to show superiority of one regimen over the other (237).

THIRD GENERATION—TRIPLETS AND DOSE DENSE

BCIRG 001 (TAC vs. FAC): Th e BCIRG 0001 trial compared six cycles of docetaxel, 
doxorubicin, and cyclophosphamide (TAC) with cyclophosphamide, doxorubicin, 
and 5-fl uorouracil (FAC) every 3 weeks as adjuvant treatment for women with 
operable, LN+ BC (238).

Results: At 10-year follow-up, there were improvements in DFS at 62% (95% CI 
58%–65%) for the TAC group versus 55% (95% CI 51%–59%) for the FAC group 
(HR 0.80; P = .0043) (239); 10-year OS was also improved, from 69% in the FAC 
group to 76% in the TAC group (HR 0.74; P = .002). It is notable TAC was associ-
ated with more toxicity (239,240).

BCIRG 005 trial (TAC vs. AC followed by T): In this study TAC × 6 cycles 
every 3 weeks was compared to 4 cycles of AC every 3 weeks followed by 4 cycles of 
docetaxel every 3 weeks in women with LN+, HER2-negative operable BC.

Results: 5-year DFS rates (HR 1.0; P = .98) and OS rates were equal (HR 0.91; P = 
.37) between treatment arms (241). However, the treatment toxicity profi le diff ered. 
TAC was associated with more febrile neutropenia and thrombocytopenia, and 
AC-T was associated with more sensory neuropathy, nail changes, and myalgia (241).

CALGB 9741 (Dose dense A-C-T): “Dose density” is the concept of admin-
istering chemotherapy at more frequent intervals to reduce time for cancer cells 
to repair (242). CALGB 9741 assessed the impact of dose density (2 weeks vs. 
3 weeks) and treatment sequence (concurrent vs. sequential) using A, C, and T in 
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patients with LN+ operable BC. Patients were randomized to receive sequential 
A × 4 (doses) → T × 4 → C × 4 every 3 wk, or sequential A × 4 → T × 4 → C × 4 
every 2 wk with fi lgrastim, or concurrent AC × 4 → T × 4 every 3 wk, or concurrent 
AC × 4 → T × 4 every 2 wk with fi lgrastim.

Results: At 36 months there was no diff erence in either DFS or OS between 
the concurrent and sequential schedule (243). However, the dose dense regimen 
improved DFS (HR 0.74; P = .01) and OS (HR 0.69; P = .04) (243). Th e dose dense 
chemotherapy arms had higher rates of nonhematological adverse events com-
pared to the every 3 weeks chemotherapy arms (243).

Taxane Schedule—Weekly Paclitaxel
Eastern Cooperative Oncology Group (ECOG) E1199 NCT00004125: Th is trial 
was designed to compare the effi  cacy (DFS primary end point) of paclitaxel with 
that of docetaxel and to compare the standard taxane schedule (every 3 weeks) with 
a weekly schedule. Almost 5,000 women with axillary LN+ or high-risk, LN– oper-
able BC were randomized to 1 of 4 treatment arms, AC every 3 weeks followed by 
weekly or every 3 weeks paclitaxel or docetaxel.

Results: Th e estimated 5-year OS rates were 86.5% (paclitaxel every 3 wk × 4 
cycles), 89.7% (paclitaxel × 12 wk), 87.3% (docetaxel every 3 wk × 4 cycles), and 
86.2% (docetaxel × 12 wk) (244). As compared with the group receiving paclitaxel 
every 3 wk, OS was signifi cantly better in the group receiving weekly paclitaxel 
(odds ratio, 1.32; P = .01), but not in the groups receiving docetaxel every 3 wk 
(odds ratio, 1.13; P = .25) or weekly docetaxel (odds ratio, 1.02; P = .80). Treatment 
with AC followed by weekly paclitaxel × 12 wk was associated with improved DFS 
and OS compared to treatment with AC followed by paclitaxel given every 3 wk × 
4 cycles with a 32% reduction in death with weekly paclitaxel (244). In addition, 
the investigators found no evidence that women with ER/PR+, HER2-negative BC 
derived less benefi t than those with BC ER/PR+ or positive for HER2 (244).

SWOG S0221—Dosing of the taxane portion was a phase III open label 2 × 2 fac-
torial design for women with LN+ or high-risk LN− operable BC. Th e trial aimed to 
compare the use of dose dense AC (as previously described) for 6 cycles versus weekly 
doxorubicin (24 mg/m2) + oral daily cyclophosphamide 60 mg/m2 for 15 weeks. Th e 
second evaluation was paclitaxel at 80 mg/m2 IV weekly for 12 wk versus paclitaxel 
175 mg/m2 IV every 14 days for 6 cycles. Growth factor support was used. Th e study 
was amended eventually to only include AC every 2 wk for 4-cycle arm.

Results: Th e study found no diff erence in outcomes comparing weekly  paclitaxel 
(12 wk) to biweekly paclitaxel (6 cycles) at a higher dose (245). However, toxici-
ties diff ered between the two paclitaxel regimens. Weekly paclitaxel was associated 
with more hematologic toxicity (leukopenia and neutropenia), while there was a 
higher incidence of peripheral neuropathy, allergic reactions, and musculoskeletal 
pain toxicity with the biweekly higher dose paclitaxel schedule (245).

Chemotherapy and Trastuzumab for HER2-Positive Disease
HER2 overexpression in BC is a poor prognostic indicator, but is also predictive 
for the benefi t of anti-HER2 therapy. On November 16, 2006, the FDA granted 
approval to trastuzumab (Herceptin) as part of a treatment regimen containing 
doxorubicin, cyclophosphamide, and paclitaxel for the adjuvant treatment of 

https://clinicaltrials.gov/ct2/show/NCT00004125
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women with LN+, HER2-overexpressing BC. Th e approval was based on evidence 
of a signifi cant prolongation in DFS in women receiving trastuzumab + chemo-
therapy compared to those receiving chemotherapy alone (246). Serial monitor-
ing of cardiac function (low-normal left  ventricular ejection fraction [LVEF]) 
approximately every 3 months is recommended as 2% of patients in trastuzumab 
+ chemotherapy (anthracycline based) and 0.4% in the chemotherapy alone group 
experienced clinically symptomatic cardiomyopathy.

SMALL HER2+ POSITIVE TUMORS

A retrospective review by Gonzalez at MD Anderson Cancer Center included 965 
T1a and T1b (<10 mm) tumors not treated with chemotherapy, 77% ER/PR+, 13% 
triple negative, and 10% HER2+.

Results: In this review, the 5-year RFS was 77% for the HER2+ cohort versus 
94% in the HER2− (P < .001) (247); distant RFS was 86% in the HER2+ versus 
97% in the HER2− group (P < .001) (247). A validation cohort was analyzed at two 
other institutions that reproduced similar data with a 5-year RFS of 87% versus 
97%, but did not reach statistical signifi cance.

Another study evaluating patients with LN−, HER2+ tumors measuring less 
than 2 cm found that the 10-year rate of RFS was 68.4% for patients with HER2+ 
untreated disease and 81.8% for patients with HER2− untreated disease (248).

Th ese studies show that the risk of recurrence for patients with small HER2+ 
tumors remains higher than their HER2− counterparts. Th e advent of the 
monoclonal antibody trastuzumab allows for targeted therapy against HER2. 
A meta-analysis of eight trials including 12,000 patients comparing chemotherapy 
+ trastuzumab to chemotherapy alone demonstrated an HR of 0.6 for DFS favoring 
the addition of trastuzumab (95% CIs [0.50, 0.71]) (249).

 h Based on these fi ndings, we recommend chemotherapy + trastuzumab 
for any patient with tumors greater than 1 cm and consideration of chemother-
apy + trastuzumab in those with tumors <1 cm as per guidelines in Table 5.5.

Dosing and Common side eff ects of the anti-HER2 regimens are in Table 5.11.
Length of anti-HER2 adjuvant therapy: Two major studies were completed 

evaluating the ideal duration of adjuvant trastuzumab therapy.
Th e Herceptin Adjuvant (HERA) trial was an international, multicenter, 

randomized trial that compared 1 or 2 years of trastuzumab given every 3 weeks 
with observation in patients with HER2+, operable BC who had completed local–
regional therapy and at least 4 cycles of neoadjuvant or adjuvant chemotherapy.

Results: Th e unadjusted hazard ratio (HR) for an event in the trastuzumab 
group, as compared to the observation group, was 0.64; P < .0001, which corre-
sponds to an absolute DFS benefi t of 6.3% (80.6% vs. 74.3%) at 3 years (250). At 8 
years of follow-up, there was no DFS or OS diff erence between the 1 and 2 years’ 
adjuvant trastuzumab duration arms (251).

Th e Protocol for Herceptin as Adjuvant Th erapy with Reduced Exposure 
(PHARE) trial evaluated 6 months versus 1 year of trastuzumab addition to standard 
chemotherapy in patients with operable HER2+ BC; 3,380 patients were randomized.

Results: Th e 2-year DFS was shorter in the 6-month arm (91% vs. 94%) (252). 
Th e HR for death was elevated at 1.46 (95% CIs [1.06, +2.01]) and there were more 
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Table 5.11 HER2-Positive Disease

Regimen Drug Dose and route Days
Cycle 
length

Number of 
cycles Key toxicities

DD-AC-TH Doxorubicin 60 mg/m2 IV Day 1 14 days* Cycles 1–4 –  High risk for emesis 
and febrile neutrope-
nia, for DD-AC-GCSF 
prophylaxis is required

–  Risk for cardiotoxicity, 
allergic reaction, and 
 peripheral sensory 
neuropathy

–  Check LVEF before 
AC and before 
 trastuzumab

Cyclophosphamide 600 mg/m2 IV Day 1

Paclitaxel 80 mg/m2 IV Weekly 7 days 12 weeks

Trastuzumab 4 mg/m2 IV (loading dose) With fi rst 
dose of 
paclitaxel

Once 1

Trastuzumab 2 mg/kg IV

Many will change to 
6 mg/kg every 3 weeks 
after paclitaxel completed

Weekly 7 days

21 days

Completion of 
1 year

TCH Docetaxel 75 mg/m2 IV Day 1 21 days Cycles 1–6 –  High-risk emesis
–  Intermediate febrile 

neutropenia-peripheral 
sensory neuropathy, 
renal dysfunction

–  Check LVEF before 
treatment and every 
3 months while on 
trastuzumab due to 
risk of cardiotoxicity

Carboplatin AUC 6 Day 1

Trastuzumab 8 mg/kg IV (loading dose) Day 1 of 
cycle 1

Once Cycle 1

Trastuzumab 6 mg/kg IV Day 1 21 days Following cycle 1 
for completion of 
1 year (counting 
from fi rst dose of 
trastuzumab)

(continued )
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Table 5.11 HER2-Positive Disease

Regimen Drug Dose and route Days
Cycle 
length

Number of 
cycles Key toxicities

Paclitaxel + 
Trastuzumab

Paclitaxel 80 mg/m2 IV Weekly 7 days Cycles 1–12 Risk infusion reaction, 
sensory neuropathy
Check LVEF before 
trastuzumab and every 
3 months due to risk of 
cardiomyopathy 

Trastuzumab 4 mg/kg IV (loading dose) Day 1 of 
cycle 1

Once Cycle 1 (with 
fi rst dose of 
paclitaxel)

Trastuzumab 6 mg/kg IV Day 1 21 days Following cycle 1 
for completion of 
1 year

*The N9831/NSABPB-31 AC was q 3 not q 2 weeks, but the DD AC was adopted given better effi cacy.
AUC, area under the curve.

(continued )
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distant recurrences; HR 1.33 (95% CIs [1.04, +1.71]) (252). Th e multivariate anal-
ysis in the control group identifi ed a relationship between shorter metastasis free 
survival (MFS) and tumor size (>2 cm, HR = 1.78, 95% CIs [1.19, 2.66]; P < .005) 
and nodal involvement (1–3 involved nodes: HR = 2.25, 95% CIs [1.37, 3.70]; >3 
involved nodes: HR = 5.89, 95% CIs [3.65, 9.51]; P < .01) (253). At 42.5 months of 
median follow-up, 6 months of trastuzumab was noninferior to 12 months, thus 
confi rming that 1-year duration should still remain the standard.

 h Based on the HERA and PHARE studies, 1 year of adjuvant trastuzumab 
has become standard in the adjuvant setting. 

Additionally, the HERA trial also confi rmed the benefi t of anti-HER2 therapy 
when given every 3 weeks aft er adjuvant chemotherapy is completed. Th erefore, in 
cases where the HER2+ status is not known until aft er adjuvant chemotherapy is 
completed, we recommend 1 year of adjuvant trastuzumab therapy.

HER2-Positive Chemotherapy Regimens
Anthracyclines: Th e NSABP and the North Central Cancer Treatment Group 
(NCCTG) designed similar trials evaluating the addition of trastuzumab to anthra-
cycline- and taxane-based chemotherapy. Given that both trastuzumab and anth-
racyclines have cardiac toxicity, the AC was given fi rst every 3 weeks × 4 cycles and 
then trastuzumab given weekly was combined with the paclitaxel × 4 cycles every 
3 weeks or given sequentially aft er paclitaxel and continued to complete 1 year of 
therapy. Th e NSABP B-31 and NCCTG N9831 included women with LN+ and 
high-risk LN− (defi ned as ER+/PR+ tumors >2 cm in diameter or ER−/PR−tumors 
>1 cm in diameter) operable BC.

Results: Th e data from these studies were combined and showed that following 
the four cycles of AC, 1 year of trastuzumab given concurrently with paclitaxel sig-
nifi cantly reduced the risk of recurrence and extended OS in all planned subgroups. 
Adding trastuzumab to chemotherapy led to a 37% relative improvement in OS 
(HR, 0.63; P < .001) with a 10-year OS rate of 75.2% to 84% and DFS improved 40% 
(HR, 0.60; P < .001) with a 10-year DFS rate of 62.2% to 73.7% (254).

Nonanthracycline Regimen—TCH: Many patients are not candidates for 
anthracycline-based chemotherapy or are concerned about the long-term side 
eff ects of therapy. Th e Breast Cancer International Research Group BCIRG-
006 performed a three-arm trial comparing anthracycline + cyclophosphamide + 
taxane + trastuzumab (ACTH), the nonanthracycline regimen of docetaxel + car-
boplatin + trastuzumab (TCH), and anthracycline + cyclophosphamide + taxane 
(ACT). Patients with HER2+ disease were eligible for this trial if they had LN+, or 
high-risk LN− operable BC.

Results: At a median follow-up of 5.5 years, the trastuzumab treated arms had 
statistically signifi cantly improved ACTH versus TCH versus ACT—DFS (84% 
vs. 81% vs. 75%) and OS (92% vs. 91% vs. 87%), respectively (255). Th e diff er-
ences in DFS and OS between ACTH and TCH were not statistically signifi cant 
(255). At the fi nal analysis, 10-year DFS was 74.6% with AC-TH (P < .0001), 73% 
with TCH (P = .0011), and 67.9% with AC-T. OS at 10 years was 85.9%, 83.3% 
and 78.7% respectively (256). Compared to a anthracycline-based regimen, TCH 
resulted in less congestive heart failure (0.4% vs. 2%) and subclinical loss of left  
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ventricular ejection fraction (9% vs. 18%) (256). As in Table 5.5, given the long-
term side-eff ect profi le of anthracyclines, we recommend consideration of TCH as 
the preferred regimen. In patients with Stage II and III disease, the addition of per-
tuzumab (discussed in the following) may be considered. Th is is not an approved 
FDA indication, however, the NCCN notes consideration and we off er in high risk 
patients aft er discussion of the indications.

Nonanthracycline—Adjuvant Paclitaxel Trastuzumab (APT) trial: Th e ear-
lier regimens of AC followed by TH and TCH are associated with signifi cant toxic-
ities. For patients with small HER2+ tumors, the absolute benefi t of such a regimen 
is less than those with larger LN+ tumors. Weekly paclitaxel is known to be a very 
tolerable regimen with signifi cantly fewer side eff ects. APT investigated the eff ect 
of adjuvant weekly paclitaxel × 12 weeks and Herceptin for 1 year in patients with 
early-stage (<3 cm, LN−) HER2+ BC. Th is trial was a nonrandomized single-arm 
phase II study.

Results: With a median follow-up of 4 years, the 3-year survival from invasive 
disease was 98.7% (95% CIs [97.6, 99.8]). Th e treatment was well tolerated with 
6% of patients withdrawing for adverse events (257). Although not a randomized 
phase III trial, this data is convincing and we feel it is reasonable to consider weekly 
paclitaxel with trastuzumab as per the APT trial for patients with small LN− 
HER2+ BC.

Other HER2 Agents in the Adjuvant Setting
Pertuzumab is a humanized monoclonal antibody that targets domain II on the 
HER2 molecule and blocks ligand-dependent heterodimerization of the HER2 
with other HER2 family members needed to activate the downstream cell pro-
liferation signaling. In addition, evidence suggests that pertuzumab mediates 
antibody-dependent cell-mediated cytotoxicity. In 2013 pertuzumab was given 
accelerated FDA approval in the neoadjuvant setting for HER2+ BC which is LN+ 
or with tumor >2 cm in diameter (258). However, if a patient does not receive neo-
adjuvant therapy and is found to have stage 2 or 3 BC at pathologic review, adjuvant 
trastuzumab and pertuzumab can be considered (NCCN guidelines).

Currently, the Breast International Group is evaluating the addition of pertu-
zumab to trastuzumab and standard chemotherapy in the adjuvant setting in the 
phase III APHINITY trial—NCT01358877. Accrual was completed in 2013 of 
4,800 patients with preliminary results expected in the near future.

Lapatinib (Tykerb) is a tyrosine kinase inhibitor approved in combination with 
capecitabine in the metastatic setting.

• Tykerb Evaluation Aft er Chemotherapy (TEACH) evaluated lapatinib effi  -
cacy in the adjuvant setting. Following chemotherapy, lapatinib alone did not 
improve mortality or recurrence (259).

• Adjuvant Lapatinib and/or Trastuzumab Treatment Options (ALTTO) 
trial with a median follow-up of 4.5 years showed a 16% reduction in the DFS 
observed with lapatinib + trastuzumab compared to trastuzumab alone (HR, 
0.84; 95% CIs [0.7, 1.02]; P = .048), and a nonsignifi cant 4% reduction was 
observed with trastuzumab followed by lapatinib compared to trastuzumab 
alone (HR, 0.96; P = .61) (260). Lapatinib treated patients experienced more 

https://clinicaltrials.gov/ct2/show/NCT01358877
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diarrhea, cutaneous rash, and hepatic toxicity compared to trastuzumab-treated 
patients. Th e incidence of cardiac toxicity was low in all treatment arms. Given 
the substantial side eff ects and the minimal nonsignifi cant increase in DFS, 1 
year of trastuzumab alone remains the standard of care.

Neratinib is another tyrosine kinase inhibitor. Th e ExteNET trial was a dou-
ble-blind, placebo-controlled, phase III trial of neratinib versus placebo aft er 
adjuvant treatment with trastuzumab in women with early-stage, HER2+ BC. Th e 
primary end point of the trial was invasive DFS. Neratinib resulted in a 2% absolute 
reduction and 33% reduction of risk of invasive disease recurrence or death versus 
placebo (HR = 0.67; P = .009) with a 2-year DFS rate of 93.9% in the neratinib 
arm and 91.6% in the placebo arm (261). As of 2016, neratinib has not been FDA 
approved for any use in the treatment of HER2+ BC.

 h MANAGEMENT PEARLS FOR HER2-POSITIVE DISEASE

1. Given that both anthracycline and nonanthracycline regimens combined 
with 1 year of trastuzumab have similar effi  cacy but diff er in toxicity pro-
fi les, we recommend the nonanthracycline regimen (TCH).

2. One year of therapy with trastuzumab every 3 weeks is the standard of 
care.

3. We consider single agent paclitaxel weekly for 12 weeks with 1 year of 
trastuzumab for patients with small LN−, HER2+ tumors.

4. Although it is preferable to give trastuzumab concurrently with nonan-
thracycline-based regimens or concurrently with a taxane aft er anthra-
cycline-based regimens, it is acceptable to complete 1 year of adjuvant 
trastuzumab aft er all chemotherapy is completed.

5. Dosing and schedules are in Table 5.11.

Triple Negative Breast Cancer (TNBC)
Tumors <0.5 cm, no lymph node involvement: Th ere is inadequate data to 
make general recommendations regarding adjuvant chemotherapy in patients 
with very small TNBC tumors (<0.5 cm). Th e NCCN guidelines do not recom-
mend adjuvant chemotherapy for TNBC tumors less than 0.5 cm. In contrast to 
the NCCN guidelines, the St. Gallen 2013 chemotherapy guidelines recommend 
chemotherapy for all invasive TNBC regardless of size (small BC). Many prac-
titioners treat very small TNBC based on studies showing patients with small 
TNBC have poorer overall outcomes compared to their ER/PR+ counterparts 
(262–264).

In a retrospective analysis of 1,691 women with T1mic, a, b N0 BC, patients 
with TNBC phenotype had an increased risk of local–regional relapse (HR 3.58, 
95% CIs [1.4, 9.13]) and BC-related event (HR 2.18, 95% CIs [1.04, –4.57]) 
 compared to luminal A subtypes (263). Another study of 1,012 patients with che-
motherapy naïve T1a, b N0 BC demonstrated women with TNBC had almost 3 
times worse RFS and over 2 times worse distant RFS as compared to women with 
ER/PR+  disease (264).
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Tumors ≥0.5 cm or with lymph node involvement: Studies have suggested 
that there is a larger benefi t to adjuvant chemotherapy among patients with TNBC. 
One such study was an analysis of three randomized trials involving over 6,000 
women with LN+ BC, where researchers evaluated risk of recurrence and OS 
between women with ER+ BC and women with ER− BC. Th e study found that at 
5 years following adjuvant chemotherapy, women with ER− versus ER+ BC had 
a larger reduction in risk of recurrence (55% [95% CI, 37%–68%] vs. 26% [95% 
CI, 4%–48%]) respectively, resulting in a higher absolute improvement in DFS 
(23% vs. 7%) from the addition of chemotherapy (265). Women with ER− versus 
ER+ BC at 5 years also had a larger reduction in the risk of death (55% [95% CI, 
38%–69%] vs. 23% [95% CI, 17%–49%]), resulting in a larger benefi t in OS (17% 
vs. 4%) (265). Based on these fi ndings, adjuvant chemotherapy is recommended 
for women with T ≥ 0.5 cm or LN+ positive TNBC. NCCN guidelines recommend 
considering adjuvant therapy for TNBC tumors 0.5 to 1 cm and gives category 1 
recommendation to adjuvant therapy for all tumors greater than 1 cm or LN+.

Important Ongoing Adjuvant Clinical Trials
ER/PR+ HER2−

PENELOPE-B NCT01864746: Given the trend for worse outcomes with resid-
ual disease aft er neoadjuvant therapy, PENELOPE-B is a large phase III clinical 
trial for ER+ patients who receive neoadjuvant therapy and have residual disease 
at surgery. Patients are randomized to adjuvant therapy to palbociclib (CDK 4–6 
inhibitor) versus standard hormone adjuvant therapy. 1,100 patients are planned 
for accrual with a primary completion date in 2020.

S1207 NCT01674140: Phase III randomized, placebo-controlled clinical trial 
evaluating the use of adjuvant endocrine therapy +/− 1 year of everolimus in 
patients with high-risk, hormone-receptor-positive and HER2/neu negative breast 
cancer.

TNBC

Given the high risk of recurrence for TNBC, additional eff ective adjuvant treat-
ments are an unmet need. Platinums and poly adenosine diphosphate ribose 
[ADP]-ribose polymerase (PARP) inhibitors are promising targets.

NRG-R003—NCT02488967 is a large phase III trial aiming to accrue 990 
patients with operable BC and randomize to dose dense doxorubicin + cyclophos-
phamide followed by weekly paclitaxel plus or minus carboplatin. Th e primary end 
point is invasive DFS. A similar approach is being evaluated in the neoadjuvant 
setting with increased pathologic complete responses (pCRs) being observed.

NSABP B55—NCT02032823: OlympiA study is evaluating olaparib versus 
placebo adjuvant therapy for 2 years aft er standard adjuvant chemotherapy in 
patients with BRCA mutation. Patients with germline BRCA1/2 mutations and 
high-risk HER2-negative primary breast cancer who have completed defi nitive 
local treatment and neoadjuvant or adjuvant chemotherapy are eligible.

NCT02593227—Folate Receptor Alpha Peptide Vaccine with granulocyte 
macrophage colony stimulating factor (GM-CSF) in patients with triple negative 
breast cancer. Th is phase II trial evaluates the safety and immunogenicity of two 
doses of the folate receptor alpha (FRα) peptide vaccine mixed with GM-CSF as 

https://clinicaltrials.gov/ct2/show/NCT01864746
https://clinicaltrials.gov/ct2/show/NCT01674140
https://clinicaltrials.gov/ct2/show/NCT02488967
https://clinicaltrials.gov/ct2/show/NCT02032823
https://clinicaltrials.gov/ct2/show/NCT02593227
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a vaccine adjuvant, with or without immune priming with cyclophosphamide, as 
a consolidation therapy aft er neoadjuvant or adjuvant treatment of patients with 
stage IIb–III TNBC.

HER2+

Ado-trastuzumab emtansine (Kadcyla) is a rationally designed antibody drug 
conjugate (ADC) developed that pairs trastuzumab with a microtubule-based che-
motherapy connected by a linker molecule. Th e chemotherapy is not active until 
endocytosed in HER2+ cells. Ado-trastuzumab emtansine gained FDA approval 
in the metastatic BC setting for second-line therapy in the EMILIA study in 2013. 
Two large phase III trials and one phase II adjuvant trial with ado- trastuzumab 
emtansine are currently accruing.

KATHERINE NCT01772472 study evaluates adjuvant ado-trastuzumab 
emtansine compared to standard trastuzumab in patients with residual disease fol-
lowing neoadjuvant chemotherapy (NACT).

KAITLIN NCT01966471 study evaluates the combination of ado-trastuzumab 
emtansine + pertuzumab compared to trastuzumab + pertuzumab + taxane fol-
lowing anthracycline chemotherapy. Eligible participants include LN+ (pN ≥ 1), or 
lymph node negative disease (pN0) with pathologic tumor size >2.0 cm.

NCT02414646 Adjuvant Ado-Trastuzumab Emtansine (T-DM1) for Older 
Patients With Human Epidermal Growth Factor Receptor 2 (HER2)-Positive stage 
1–3 Breast Cancer. Patients receive trastuzumab emtansine intravenously over 30 
to 90 minutes on day 1 every 21 days for 17 courses in the absence of disease pro-
gression or unacceptable toxicity. Primary objective is invasive disease free survival.

NEOADJUVANT TREATMENT APPROACHES

Neoadjuvant Chemotherapy
NACT is the practice of administering chemotherapy to patients prior to surgical 
resection. In the 1990s, multiple studies evaluated the safety of neoadjuvant ther-
apy. Th e NSABP B-18 (AC × 4 cycles pre- or postsurgery) and NSABP B-27 (ben-
efi t of adding docetaxel to AC pre- or postsurgery) and EORTC trial 10902 (FEC 
× 4 cycles pre- or postsurgery) were some of the larger prospective clinical trials 
that found no signifi cant diff erence in DFS or OS based on preoperative versus 
postoperative timing of systemic chemotherapy (266,267). Th e benefi ts of NACT 
therapy included the shrinkage of tumor to allow breast conservation, real-time 
appraisal of response, and prognostic signifi cance. Th e NACT approach enables 
signifi cant scientifi c research.

Patients with locally advanced breast cancer (LABC) or infl ammatory BC 
( Figures 5.13 and 5.14) who are unresectable can be converted to operative candi-
dates by using NACT. Even patients with resectable stage II or III BC may benefi t 
from NACT as they can convert from a mastectomy to breast conservation. In addi-
tion, patients with medical contraindications to surgery at the time of diagnosis 
(such as pregnancy, recent pulmonary embolism, or recent myocardial infarction) 
may benefi t from NACT or neoadjuvant hormonal therapy as a bridge to surgery.

In general, tumors with a higher proliferative index (Ki-67) respond better to 
NACT. One analysis of over 6,300 tumors showed pathologic complete response 
(pCR) using NACT in breast and lymph nodes in 31% to 36% basal (triple negative), 

https://clinicaltrials.gov/ct2/show/NCT01772472
https://clinicaltrials.gov/ct2/show/NCT01966471
https://clinicaltrials.gov/ct2/show/NCT02414646
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32% to 51% HER2-positive, 11% to 32% luminal B, and 6% to 9% luminal A tumors 
(268). Th e I-SPY 1 trial found a 45% pCR in the ER/PR− HER2+ subset, 35% in 
triple negative, and 9% in the ER/PR+ HER2− (269). Th e pCR rates have increased 
to over 60% in ER/PR− HER2+ BC with the use of pertuzumab and trastuzumab in 
addition to standard chemotherapy (269). While luminal A tumors may have low 
pCR to NACT, they may respond well to neoadjuvant hormonal therapy (NAHT), 
which is discussed later in this chapter.

Th e association between pCR and outcomes from BC has been a source of 
interest. Th e U.S. FDA conducted a meta-analysis known as Collaborative  Trials in 
Neoadjuvant Breast Cancer (CTNeoBC). Th e goals of the analysis were to establish 
the relationship between pCR, EFS, and OS and determine the tumor subtypes in 
which pCR correlates with long-term outcome. In HER2+ and TNBC, pCR is a 
prognostic marker of survival in BC patients (270).

Figure 5.13 Left breast infl ammatory breast carcinoma, erythema, peau d’orange 
changes of the skin, inverted nipple.

Figure 5.14 Locally advanced breast cancer—large right breast ulceration.
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CTNeoBC identifi ed 12 large neoadjuvant studies (>200 participants) that 
when combined had 11,955 patients. Th e study found that pCR in both the breast 
and lymph nodes correlated most with improved EFS and OS. Patients who expe-
rienced a pCR had EFS improvement with HR 0.48 (95% CIs [0.43, 0.54]) and 
improvement in OS with HR 0.36 (95% CIs [0.31, 0.42]) (270). Th is result was 
stronger in triple negative patients (EFS: HR 0.24, 95% CIs [0.18, 0.33]; OS: HR 
0.16, 95% CIs [0.11, 0.25]) and HER2+, ER/PR− patients (EFS: HR = 0.15, 95% CIs 
[0.09, 0.27]; OS: HR 0.08, 95% CIs [0.03, 0.22]) (270). However, the analysis failed 
to fi nd on a trial level an association between increases in frequency of pCR and 
EFS (R² = 0.03, 95% CIs [0.00, 0.25]) and OS (R² = 0.24, 0.00–0.70) (270).

NACT by Receptor Status
ER/PR+ HER2− BC AND NACT

As mentioned previously, patients with ER+ HER2− BC are less likely to have a clin-
ical or pCR to NACT. However, in patients with unresectable tumors and infl am-
matory BC or those with locally advanced disease, particularly those with tumors 
that may respond to NACT (high grade, high Oncotype DX or  MammaPrint), 
NACT may be considered to downsize the tumor. Th e CTNeoBC found a 7.5% 
pCR in grade 1 or 2 ER+ tumors and 16.2% pCR in grade 3 ER+ tumors. For long-
term outcomes, the attainment of a pCR in the grade 1 or 2 had an HR for OS of 
0.47, but this was not statistically signifi cant (270). A pCR in Grade 3 ER+ HER2− 
was associated with improved OS with an HR of 0.29 (0.13–0.65) (270).

 h For patients with ER/PR+ HER2− tumors who are candidates for 
 neoadjuvant therapy, we recommend a discussion of the low likelihood of 
complete response, but potential benefi t of downsizing and better surgical out-
comes. We monitor these patients carefully for response. We typically use a 
third generation combination chemotherapy regimen that includes an anthra-
cycline and taxane. 

TRIPLE NEGATIVE BREAST CANCER AND NEOADJUVANT CHEMOTHERAPY

Patients with TNBC have been shown to have a pCR rate ranging from 31% to 45% 
with NACT (268,269,271). With such a high pCR, NACT is routinely considered 
in patients with stage 1 through 3 BC. As already stated, the pCR is prognostic in 
TNBC with residual disease portending a worse prognosis (269). Th e CTNeoBC 
found OS to be signifi cantly improved with an HR of 0.16 (95% CIs [0.11, 0.25]) 
with attainment of a pCR in the breast and nodes (270).

Patients with TNBC who have more than minimal residual disease at surgery 
have a higher risk of early distant disease recurrence. Th erefore, the opportunity to 
achieve higher pCR suggests that long-term benefi ts may be seen. Several studies 
suggest that the addition of carboplatin to the weekly taxane portion of ddAC with 
weekly paclitaxel can result in higher pCR (up to 54%) and improve candidacy for 
BCS compared to standard therapy (anthracycline and taxane based) (268). Carbo-
platin may be dosed at an AUC of 6 every 3 weeks or AUC 1.5 weekly.

CALGB 40603 and GeparSixto data showed improved EFS with carboplatin 
(CALBG 40603) and DFS (GeparSixto) with carboplatin (272,273).
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In CALGB 40603, the 3-year EFS was 86% for patients achieving pCR in the 
breast/axilla, versus 62% for those who did not (P < .0001). Th e 3-year OS rates 
were 93% and 73%, respectively (P < .0001) (274).

In GeparSixto TNBC subgroup, pCR increased from 37% to 53% with carbopla-
tin (P = .005) and DFS was 85.8% with carboplatin and 76.1% without (HR = 0.56; 
P = .0350). Compared to standard chemotherapy, patients who received carbo-
platin had higher rates of grade 3 to 4 neutropenia and delayed treatment due to 
treatment-related toxicities (273).

 h We recommend considering clinical trial participation with the addition of 
carboplatin for TNBC patients eligible for neoadjuvant therapy. In the absence 
of a clinical trial, the data using carboplatin suggests it can be administered in a 
well-informed, TNBC patient. 

HER2- OVEREXPRESSED BREAST CANCER AND NEOADJUVANT CHEMOTHERAPY

Patients with HER2+ BC have the highest rate of pCR to NACT, particularly the 
HR− HER2+ subset (270,275,276). Th e pCR increases signifi cantly when treat-
ment includes a HER2-directed agent. Th e Investigation of Serial Studies to Predict 
Your Th erapeutic Response with Imaging and Molecular Analysis (I-SPY 1) trial 
evaluated 221 patients with tumors ≥3 cm who received NACT (doxorubicin and 
cyclophosphamide plus paclitaxel). Th e pCR using NACT in patients with HER2+ 
disease was 39% without trastuzumab and 60% with chemotherapy and trastu-
zumab, as compared to 18% for individuals with HER2− BC (269).

Th e NeO Adjuvant Herceptin (NOAH) study showed improved pCR with the 
addition of trastuzumab from 19% to 38% (277). In patients who achieved a pCR, 
improvements in EFS HR 0.64 (95% CIs [0.44, 0.93]) and OS HR 0.66 (95% CIs 
[0.43, 1.01]) were observed (278). Th erefore, targeted  treatment against HER2 is 
recommended as part of NACT for HER2+ patients.

Lapatinib, the small molecule tyrosine kinase inhibitor approved in the metastatic 
setting for HER2+ BC in combination with capecitabine, has been tested in the neo-
adjuvant setting. It has been found to be less eff ective than trastuzumab (279–281).

In GeparQuinto, patients receiving epirubicin + cyclophosphamide were 
randomized to treatment with docetaxel + either trastuzumab or lapatinib. Th e 
trastuzumab arm had a higher rate of pCR compared to lapatinib (OR 0.68, 
95% CIs [0.47, 0.97]; 30% vs. 23%) (279). In the lapatinib arm there were more 
adverse events with 33% discontinuing therapy compared to 14% in the trastu-
zumab arm.

Lapatinib and trastuzumab combination therapy was evaluated in NEO-
ALLTO, Cher lob, and NSABP-B41. Th ese studies showed increased pCR rang-
ing between 47% and 62% with combination therapy (280–282). In NEOALLTO, 
while the combination of trastuzumab and lapatinib did increase pCR, EFS, and 
OS were not increased as a whole (280). Patients who achieved a pCR did have 
increased EFS at 3 years HR 0.38 (95% CIs [0.22, 0.63]) (280). However, given the 
more severe side-eff ect profi le (diarrhea, rash, liver abnormalities, neutropenia) 
for lapatinib, lack of long-term data on EFS and OS, and approval of pertuzumab, 
combination lapatinib and trastuzumab did not become a standard of care.
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Pertuzumab is a monoclonal antibody that binds to a diff erent domain than 
trastuzumab on the HER2 molecule and prevents the dimerization needed for cell 
signaling and proliferation. Pertuzumab is used in combination with trastuzumab 
and received FDA approval in the metastatic setting and gained accelerated FDA 
approval in the neoadjuvant setting based on a set of phase II trials: NEOSPHERE 
and TRYEPHENA.

In Neoadjuvant Study of Pertuzumab + Herceptin in an Early Regimen 
 Evaluation (NEOSPHERE), patients were randomized to receive four neoadjuvant 
cycles of either trastuzumab + docetaxel (group A), pertuzumab + trastuzumab 
+ docetaxel (group B), pertuzumab + trastuzumab (group C), or pertuzumab + 
docetaxel (group D).

Results: Patients receiving pertuzumab + trastuzumab + docetaxel had a sig-
nifi cantly improved pCR rate at 45.8% (95% CIs [36.1, 55.7]) compared to those 
given trastuzumab + docetaxel 29.0% (95% CIs [20.6, 38.5]; P = .0141) (275). 
Patients who received pertuzumab + docetaxel had a pCR of 24.0% (95% CIs [15.8, 
33.7]) and those who received the two antibodies alone had a pCR of 16.8% (95% 
CIs [10.3, 25.3]) (275). Th e addition of pertuzumab was well tolerated with mild 
increases in rash, diarrhea, and mucosal infl ammation.

Trastuzumab + Pertuzumab in Neoadjuvant HER2-Positive Breast Cancer 
(TRYEPHENA) randomized patients to treatment with trastuzumab + pertu-
zumab with concurrent docetaxel + carboplatin (TCHP), trastuzumab + pertu-
zumab with concurrent FEC (fl uorouracil, epirubicin, cyclophosphamide), or FEC 
followed by trastuzumab + pertuzumab.

Results: Th e primary end point of the trial was cardiac toxicity and a secondary 
end point was pCR. Th e TCHP regimen was found to have the lowest decreased 
ejection fraction rate at 2.6% and the highest pCR at 63.6% (95% CIs [51, 74]) 
(276).

TDM1—ado-trastuzumab emtansine (Kadcyla): Th is Antibody Drug Conju-
gate (ADC) is approved as second-line therapy in HER2+ MBC. It has been eval-
uated in the neoadjuvant setting in the ADAPT trial NCT01745965. Participating 
patients with ER/PR+ HER2+ BC were randomized to receive either ado-trastu-
zumab emtansine,  ado-trastuzumab emtansine + hormone therapy, or trastuzumab 
+ hormone therapy. Th is treatment was administered in four cycles and followed by 
surgery + 1-year treatment of the standard adjuvant chemotherapy + trastuzumab.

Results: Aft er four cycles (12 weeks) of treatment, a pCR in breast and lymph 
nodes was seen in 40.5% with ado-trastuzumab emtansine alone, 45.8% with 
ado-trastuzumab emtansine + hormone therapy, and 6.7% with trastuzumab 
+ hormone therapy (P < 0.001 for both ado-trastuzumab emtansine groups vs. 
 trastuzumab) (283). Although interesting, currently this approach cannot be 
 recommended for routine use in the neoadjuvant setting.

 h Based on the data of NEOSPHERE and TRYEPHENA, the FDA approved 
pertuzumab for stage II (>2 cm or LN+) and stage III HER2+ BC in the neoad-
juvant setting.

 h Given the high pCR seen to date, we recommend the TCHP regimen for 
HER2+ BC patients treated with NACT; alternatively, THP can be offered to older 
patients or patients with poor PS or comorbidities.

https://clinicaltrials.gov/ct2/show/NCT01745965
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In Tables 5.12 and 5.13 we summarize commonly used chemotherapy +/− HER2 
therapy regimens.

NEOADJUVANT HORMONAL THERAPY (NAHT)

Early studies of NAHT focused on the use of tamoxifen as the primary treatment 
for elderly women with ER/PR+ LABC who were not medically fi t for chemother-
apy or surgery. Subsequently, randomized trials were conducted to assess the role 
of neoadjuvant tamoxifen compared to surgery or tamoxifen compared to surgery 
+ tamoxifen in the neoadjuvant setting. Th ese studies demonstrated that surgery is 
necessary for optimal local control, whereas tamoxifen lowered the risk of metas-
tases (284–287). A meta-analysis of six studies comparing primary surgery with 
NAHT using tamoxifen in women over the age of 70 showed no statistically sig-
nifi cant diff erence in OS between the two treatment arms (HR: 0.98; P = .9) (288). 
NAHT alone is ineff ective in achieving a cure and should be reserved for women 
who are unfi t or refuse surgery (289,290).

Neoadjuvant hormonal versus chemotherapy: Limited data exist from clin-
ical trials evaluating the use of NAHT versus NACT. Semiglazov and colleagues 
compared neoadjuvant therapy with AIs to chemotherapy in 239 postmenopausal 
women with untreated invasive ER/PR+ BC.

Results: Th ere was no signifi cant diff erence between the two arms in terms of 
overall response, pCR, or disease progression (291). Th e breast conservation rate 
was higher in the AI group at 33% compared to 24% in the chemotherapy arm (291).

Th e Grupo Español de Investigación del Cáncer de Mama (GEICAM) trial 
randomized 95 patients with ER/PR+ BC to NACT or exemestane. Th is study dif-
fered from the Semiglazov trial in that more than 50% of patients were premeno-
pausal. Premenopausal women assigned to chemotherapy had a higher response 
rate. However, in postmenopausal women the response rates were comparable 
between chemotherapy and hormone therapy.

Results: Although not statistically signifi cant, more patients assigned to the AI 
arm (56% vs. 47%) were able to undergo BCS (292).

Choice of NAHT
As shown in multiple trials in the adjuvant setting, third generation AIs are 
superior to tamoxifen. Several neoadjuvant hormonal therapy trials were con-
ducted to compare the effi  cacy of tamoxifen with a third generation AI.

Table 5.12 NACT Regimen Details HER2-Negative Neoadjuvant Regimens 
(for Timing and Dosing, see Table 5.10)

Dose dense doxorubicin and cyclophosphamide, followed by paclitaxel weekly 
or biweekly (DDAC-T) 

Doxorubicin, cyclophosphamide, and docetaxel (TAC)

Dose dense doxorubicin and cyclophosphamide, followed by paclitaxel weekly 
(DDAC-T) +/− carboplatin at AUC 6 every 3 weeks or 1.5 weekly during the 
paclitaxel (for TNBC)

Docetaxel and cyclophosphamide (TC) for patients who cannot tolerate anthra-
cycline
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Table 5.13 HER2-Positive Neoadjuvant Regimens

Regimen Drug Dose and route Days Cycle length Number of cycles Key toxicities

TCHP Docetaxel 75 mg/m2 IV Day 1 21 days Cycles 1–6 High risk for emesis
High risk for  allergic 

 reaction and fl uid 
 retention

Carboplatin-taste 
changes, electrolyte 
loss, function-
monitor LVEF every 3 
months- Trastuzumab/ 
pertuzumab-decrease 
EF, rash, infusion 
reactions

Monitor hepatic function 
(may need to dose 
modify if bili >1.3, ALT 
>2.5 ULN)

Carboplatin AUC 6 Day 1

Trastuzumab 8 mg/kg IV Day 1 of cycle 1 
(loading dose)

Once Cycle 1

Pertuzumab 840 mg IV Day 1 of cycle 1 
(loading dose)

Once Cycle 1

Trastuzumab 6 mg/kg IV Day 1 21 days Cycle 2–6

Pertuzumab 420 mg IV Day 1 21 days Cycle 2–6

Trastuzumab 6 mg/kg IV Day 1 21 days Following cycle 6 for 
completion of 1 year 
(counting from fi rst 
dose of trastuzumab)

(continued )
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Table 5.13 HER2-Positive Neoadjuvant Regimens

Regimen Drug Dose and route Days Cycle length Number of cycles Key toxicities

THP3-FEC Pertuzumab 840 mg IV Day 1 of cycle 1 
(loading dose)

Once Cycle 1 Fluid retention,
allergic reactions, 
 cardiotoxicity

Trastuzumab 8 mg/kg IV Day 1 of cycle 1 
(loading dose)

Once Cycle 1

Docetaxel 75–100 mg/m2 IV Day 1 21 days Cycle 1–4

Pertuzumab 420 mg IV Day 1 21 days Cycle 2–4

Trastuzumab 6 mg/kg IV Day 1 21 days Cycle 2–4

Surgery

Fluorouracil 600 mg/m2 IV Day 1 21 days Cycles 1–3 postsurgery

Epirubicin 90 mg/m2 IV Day 1 21 days Cycles 1–3 postsurgery

Cyclophos-
phamide

600 mg/m2 IV Day 1 21 days Cycles 1–3 postsurgery

Trastuzumab 6 mg/kg IV Day 1 21 days 10 cycles after FEC

(continued )
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Th e P024 trial randomized 337 women with ER/PR+ BC to treatment with 
letrozole or tamoxifen followed by surgery. Compared to tamoxifen, letrozole 
resulted in a signifi cantly higher overall response rate and higher rate of BCS (293).

Th e IMPACT trial randomized 330 postmenopausal women with ER/PR+ 
BC to anastrozole, tamoxifen, or the combination for 12 weeks prior to surgery. 
Th ere was no signifi cant diff erence in response rates between patients receiving 
tamoxifen, anastrozole, or the combination (294). However, in the biomarker 
analysis, the change in the Ki-67 proliferative index was more signifi cant in 
the anastrozole arm. Th ere was also a trend toward an improved rate of BCS in 
patients who received anastrozole, but the diff erence was not statistically signif-
icant (294,295).

Th e PROACT trial randomized 451 postmenopausal women with ER/PR+ BC 
to 3 months of neoadjuvant anastrozole or tamoxifen. Th is study diff ered in that 
it permitted concomitant chemotherapy at the investigator’s discretion (29% of 
patients on anastrozole vs. 32% on tamoxifen). Th ere was no signifi cant diff erence 
in overall response between the two arms. However, in those patients who received 
HT alone, BCS was possible in 43% of patients in the anastrozole arm compared to 
31% in the tamoxifen arm (296).

A meta-analysis of these trials supported the notion that AIs resulted in 
higher BCS rates than tamoxifen (297).

Choice of AI: Th ere is no preferred agent among the AIs based on current 
evidence.

ACOSOG Z1031 trial randomized 277 postmenopausal women with stage 2 or 
3 ER/PR+ BC with high ER expression (Allred score 6–8) to treatment with exemes-
tane, letrozole, or anastrozole prior to surgery (298). Th ere were no observed dif-
ferences in clinical response rates, surgical outcomes, or changes in Ki-67.

Duration of NAHT: Current evidence supports the use of NAHT for at least 
3 to 4 months in most patients. However, if the tumor is responding to NAHT 
and there is no evidence of progression, it is acceptable to continue therapy for 
6 months or longer with appropriate monitoring. In most studies investigating 
NAHT, patients were treated for 3 to 4 months prior to surgery. However, not all 
patients will have maximal response at 3 to 4 months as demonstrated in a study 
by Llombart-Cussac and colleagues (299). In a study by Dixon et al, 32 women 
were treated with letrozole for a minimum of 4 months. Th ose who responded 
were allowed to continue letrozole for a maximum of 8 months and were shown 
to have increased rates of BCS, 69.8% at 3 months versus 83.5% aft er prolonged 
treatment (300).

NAHT Patient Selection and Assessment of Response: ER-positivity is 
the most important eligibility criteria for NAHT. Th e P024 and IMPACT trials 
both demonstrated higher response rates in patients with higher ER expression 
(294,295,301). Th e ACOSOG Z1031 trial demonstrated that patients with lumi-
nal A tumors by PAM50 analysis or a Ki-67 ≤10% achieved better response rates, 
although response rates were also good in patients with luminal B tumors (298). 
Other genomic tests, such as the 21-gene RS, may also be useful in selecting 
patients for NAHT.

In regard to response, a change in Ki-67 aft er short-term exposure to NAHT 
has been utilized to evaluate the effi  cacy of treatment. Dowsett et al demonstrated 



www.manaraa.com

5. EARLY-STAGE INVASIVE BREAST CANCER 147

that a reduction in Ki-67 expression level aft er initiation of NAHT treatment was 
more strongly associated with RFS (log-rank P = .008) than baseline Ki-67 level 
(log-rank P = .07) (295). Th e prognostic signifi cance of posttreatment Ki-67 levels 
on RFS was also demonstrated for patients treated in the P024 trial (301). A change 
in the Ki-67 proliferative index aft er short-term hormone therapy provides prog-
nostic information on a long-term outcome. Th is may help to select patients whose 
tumors are exquisitely sensitive to estrogen deprivation who may be considered for 
treatment with hormone therapy alone.

Th e Preoperative Endocrine Prognostic Index (PEPI score) was developed 
from the analysis of tumors from patients treated in the P024 trial and includes 
posttreatment ER status, Ki-67 proliferative index, tumor size, and nodal status. 
Th e total PEPI score assigned to each patient is the sum of the risk points derived 
from the residual pT stage, pN stage, Ki-67 level, and ER status of the surgical 
specimen. Th ose patients with a PEPI score of 0 aft er NAHT have a very low risk 
of recurrence and may be considered for adjuvant endocrine therapy alone; those 
patients with a high PEPI score ≥4 should be considered for more aggressive adju-
vant therapy (302).

It is expected that pretreatment genomic sequencing of the tumor will play 
a critical role in identifying patients who will benefi t most from neoadjuvant 
therapy. Several studies are under way, including the MNT1 trial to test the abil-
ity of genomic assays such as MammaPrint to predict response to neoadjuvant 
therapy.

Surgical Management of Breast Cancer Patients After 
Neoadjuvant Therapy (NST)
As mentioned earlier, there are several potential benefi ts to administering systemic 
therapy prior to surgery. First, neoadjuvant systemic therapy (NST) may convert 
patients with inoperable tumors to operative candidates. Second, patients may 
be eligible for less extensive or more cosmetically favorable operations aft er 
neoadjuvant therapy including BCS, skin-sparing or nipple-sparing mastectomy, 
and less extensive axillary surgery. Finally, response to NST provides important 
prognostic information, which may help to guide recommendations for addi-
tional treatment. Management of the breast and axillary lymph nodes in patients 
undergoing NST depends on the initial staging and the distribution of cancer in the 
breast prior to the neoadjuvant therapy. In patients with MF or MC disease, NST 
may not alter the surgical plan and mastectomy may still be recommended aft er 
neoadjuvant treatment.

Th e NSABP B-18 trial randomized patients to preoperative or postoperative 
AC. Th is study showed an increase in BCS rates in patients treated with NST, par-
ticularly those patients with tumors >5 cm at diagnosis. Th e overall BCS rate was 
67% in patients who received NST (303).

Th e ACOSOG Z1031 trial, which compared three AIs—letrozole, anastro-
zole, and exemestane—in the neoadjuvant setting, also demonstrated signifi cant 
improvements in surgical outcomes. Over 50% of patients who were only consid-
ered eligible for mastectomy at the start of treatment were able to undergo BCS, 
and 83% of patients who were marginal candidates for BCS at the start of treatment 
were able to have BCS (298).
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Infl ammatory Breast Cancer (IBC):

 h For patients with IBC at diagnosis, the recommendation is to proceed 
with a multimodality treatment approach which includes NACT, followed by 
modifi ed radical mastectomy and adjuvant RT (304–309).

Th ese patients are not considered candidates for BCS or limited axillary lymph 
node procedures. In addition, immediate reconstruction is not considered in these 
patients due to the high risk of LR.

MANAGEMENT OF THE AXILLARY LYMPH NODES

Assessment of the axillary lymph nodes prior to NST is usually performed by 
clinical examination of the axilla and axillary US. Suspicious lymph nodes by 
clinical exam or imaging should be sampled by CNB or fi ne needle aspiration 
(FNA) prior to initiation of systemic therapy to establish a pretreatment nodal 
status.

Clinically negative lymph nodes prior to NST: In patients with clinically 
negative lymph nodes at diagnosis, SLNB may be performed aft er NST. It is 
recommended that both radiotracer and blue dye be utilized in this setting since 
this increases SLN identifi cation rates. Numerous studies have evaluated SLN 
identifi cation rates and FNRs aft er NST (310–314). One of the largest studies 
reported results from the NSABP B-27 trial in which multiple participating 
surgeons performed SLNB prior to the required ALND. Th is study showed an 
SLN identifi cation rate of 84.8% and an FNR of 10.7% (310). Th e success rate of 
SLNB was improved with the use of radiotracer. A second large study from MD 
Anderson Cancer Center of 575 clinically node-negative patients who received 
NST followed by surgery reported a SLN identifi cation rate of 97.4% and an 
FNR of 5.9% (312). Th e FNRs reported in both of these studies are similar to 
those commonly accepted for SLNB at the time of primary surgical resection 
(91,315,316).

 h In patients with clinically negative lymph nodes undergoing neoadjuvant 
systemic therapy (NST), we recommend SLNB using a combination of radio-
tracer and blue dye at the time of surgery. 

CLINICALLY POSITIVE LYMPH NODES PRIOR TO NST

In patients with clinically positive lymph nodes at diagnosis, ALND aft er NST 
has been considered the standard approach. However, pCR rates in the breast and 
axillary lymph nodes have increased signifi cantly in patients receiving NST with 
the use of third generation chemotherapy agents and targeted therapy. NST down-
stages axillary lymph nodes in 30% to 40% of patients with potentially higher per-
centages in triple negative and HER2+ patients. Avoiding ALND in these patients 
would signifi cantly decrease surgical morbidity. Multiple small studies have 
examined whether SLNB alone may be an accurate predictor of axillary lymph 
node status aft er NST (317–320). Th ese studies have reported a wide range of 
FNRs (5%–35%) using SLNB in node-positive patients who convert to clinically 
node negative aft er NST.
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Th e ACOSOG Z1071 study investigated the FNR of SLNB aft er NST in 
patients with clinically positive nodes at diagnosis (321). Th e goal was to attain 
an FNR ≤ 10%. Th is study included patients with T0-4 N1-2 disease; however, the 
primary analysis was performed for patients with clinical N1 (cN1) disease. SLNB 
was attempted in all patients followed by ALND. At least one SLN was identifi ed 
in 92.9% of patients with cN1 disease. Th e FNR of SLNB in patients with cN1 
disease who had at least 2 SLNs removed was 12.6%, so the trial did not meet the 
FNR threshold. However, it was noted that when ≥3 SLNs were removed, the FNR 
decreased to <10% (9.1%).

Th e SENTINA trial also examined the use of SLNB aft er NST in patients with 
clinically positive nodes prior to treatment (314). In this trial, a cohort of patients 
with cN1 disease who converted to clinical node negative aft er treatment under-
went SLNB and ALND. Th e SLN identifi cation rate in this group was 80.1% and 
the FNR was 14.2%. Th e FNR rate was decreased to less than 10% when a greater 
number of SLNs were removed and with the use of radiocolloid and blue dye for 
lymphatic mapping.

Multiple centers are investigating the use of clip placement in biopsied axillary 
lymph nodes prior to NST to allow for targeted axillary dissection at the time of 
surgery (322,323). A recent publication demonstrated that the clipped node pre-
dicted the status of the axillary lymph node basin in almost all patients with resid-
ual nodal disease with an FNR of 4.2% (323). Th e clipped node was not retrieved 
as an SLN in 23% of the cases. However, in patients who had SLNB combined with 
removal of the clipped node followed by ALND, the FNR was decreased to 2.0%. 
Th erefore, this appears to be a promising approach for management of the axillary 
lymph nodes in patients with clinically positive nodes prior to NST who convert to 
clinically node negative.

 h In patients with clinically positive nodes undergoing NST, we recommend 
axillary US and lymph node core biopsy with clip placement prior to treatment. 
After therapy, the axilla is reevaluated by imaging and clinical exam. Based on 
response to treatment, select patients may be considered for SLNB. In order to 
achieve an acceptable FNR, SLN mapping is performed with radiotracer and 
blue dye and the clipped lymph node is also localized so that it can be removed 
during surgery.

Radiation Following Neoadjuvant Therapy
Th e use of NST has also led to multiple questions regarding RT since historically 
local–regional treatment was based on clinical and pathologic factors from upfront 
surgery. Clinicians now face questions including proper pathologic assessment, 
axillary surgical assessment (SLNB, ALND), type and timing of reconstruction, 
and, for radiation oncologists, the use and design of radiation (ie, which nodal 
stations to radiate).

Local–Regional Relapse Risk Factors Following a Mastectomy
Given that there are currently no randomized data regarding radiation aft er 
NAC (324,325), radiation oncologists face diffi  cult clinical decisions regarding 
the local–regional treatment in these patients who undergo a mastectomy. Th us, 
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pathological response as well as risk factors predictive of LRR are helpful in mak-
ing this decision.

Multiple MDACC Retrospective Experiences evaluating risk factors pre-
dictive of LRR following NAC who were treated surgically with a mastectomy 
have been published. Buchholz et al (326) evaluated LRR in 150 patients with 
NAC compared to 1,031 with adjuvant chemotherapy; no patients received radi-
ation. Th ey found the 5-year LRR was signifi cantly higher in the NAC group 
(27% vs. 15%) at all tumor sizes. LRR did not diff er by the number of lymph 
nodes except for ≥4 lymph nodes (NAC 53% vs. 23%). When looking at both 
tumor size and number of positive lymph nodes, LRR was signifi cantly higher 
in the NAC group in patients with pT2 pN1-3+. Clinical stage IIIB, four or more 
pathologic positive nodes, and no tamoxifen use were signifi cant risk factors for 
LRR. Evaluating the 150 patients who received NAC, an LRR of 19% was found 
following a pCR versus 28% following a partial response. Th erefore, one can 
argue that achievement of pCR does not necessarily negate the need for PMRT. 
Another retrospective experience from MDACC by Huang et al (327) compared 
the outcomes of 542 patients treated with NAC, mastectomy, and PMRT to 134 
patients treated with NAC and mastectomy and found an overall signifi cant 
reduction in LRR from 22% to 11% with the use of PMRT. When looking at stage 
III–IV patients who achieved pCR, they found a signifi cant diff erence in 10-year 
LRR of 3% with PMRT versus 33% without PMRT. On multivariate analysis, 
signifi cant poor prognostic factors for cancer-specifi c survival included lack of 
radiation, clinical stage IIIB to stage IV disease, residual pathological tumor 
involvement aft er chemotherapy, four or more positive nodes, minimal or worse 
clinical response to NACT, fewer than 10 axillary nodes sampled, no tamoxifen, 
and ER disease.

Th ese studies illustrate that while LRR is lower with pCR, it is still substan-
tial and the decision to give adjuvant radiation needs to incorporate pretreat-
ment clinical factors such as stage and age. Garg et al (328) focused on patients 
with age less than 35 years old presenting with stage II–III disease and found a 
5-year LRR of 12% with PMRT versus 37% without PMRT, implying that age is 
also an important factor. Similarly, Shim et al (329) evaluated 151 stage II–III 
patients treated with NAC and mastectomy and achieved pCR and found that 
age <40 years old was a signifi cant prognostic factor for DFS. McGuire et al (330) 
reviewed 106 patients with stage II–III patients and found that while the LRR 
reduction with the use of PMRT was not signifi cant in stage II patients, it was 
signifi cant in stage III patients (7% vs. 33%), implying that PMRT should be used 
in clinical stage III patients despite pCR but there may be no benefi t in stage II 
patients. In addition, patients with initial cT3N1 disease who received NACT 
were found to substantially  benefi t from radiation even if they had a pCR in the 
axilla. Th is series (331) demonstrated a substantial benefi t even though there was 
bias to radiate patients who were younger and those with less than a pCR in the 
lymph nodes.

A reanalysis of the prospective NSABP B18 and B27 trials (332) reviewed the 
LRR outcomes of 3,088 patients who underwent mastectomy (no radiation) with 
nodal staging by clinical exam only. It is important to note that 90% of patients 
were stage I–II and 30% presented with nodal disease; thus, the results are more 
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applicable to early-stage patients. Multivariate analysis showed that ypN+ was the 
most signifi cant predictor of LRR (HR 4.48) followed by residual breast disease 
(HR 2.21), clinical node positive prior to NAC (HR 1.53), and pre-NAC tumor size 
>5 cm (HR 1.58). Compared to ypN− patients with breast pCR, patients with ypN+ 
disease had higher LRR regardless of tumor size or clinical node status. Finally, the 
authors found that all patients with 1 to 3 pathological positive nodes had LRR 
rates greater than 10%.

Th us, while residual nodal disease is indeed a driver for LRR, clinicians need to 
consider a combination of factors including residual primary disease, clinical stage, 
pretreatment clinical nodal status, receptor subtype, grade, and age. Th ere are cur-
rent NAC trials including NSABP B-51 and A011202 that will help to address this 
issue. In the meantime, patients with an estimated LRR risk of at least 10% warrant 
discussion on the use of adjuvant radiation. Stage I–II patients with pCR, espe-
cially older patients, low grade, and/or ER+ receptor status, will likely not benefi t 
from PMRT. Patients with residual nodal or primary disease regardless of stage and 
stage III patients regardless of response warrant radiation. Th e intermediate group 
should be discussed in a multidisciplinary setting or should be sent to a radiation 
oncologist for consult and discussion.

Clinical Trials for Radiation After NAC
Th ere are many areas of concern in the application of RT in NAC patients. Current 
NCCN guidelines advocate PMRT following NAC for advanced BC. Two cur-
rently accruing trials are addressing the role of radiation in NAC patients.

NSABP B-51/RTOG 1304 (NCT01872975) is a phase III multicenter trial 
looking specifi cally at cT1-T3 N1 (by FNA or core biopsy) patients who undergo 
NACT and then surgery (BCS or mastectomy) and must achieve pN0 (ypN0(i+) or 
ypN0 (mol+) are still eligible) either by SLNB +/− ALND or ALND. SLNB can be 
performed alone provided at least two SLNs are removed; at least three SLNs and 
use of dual tracer are recommended but not mandated. Mastectomy patients are 
then randomized to receive comprehensive nodal and chest wall RT or no radi-
ation. BCS patients are randomized to standard whole breast RT with no nodal 
radiation or comprehensive nodal and breast RT. Internal mammary nodes are 
included in nodal RT. Th e primary end point is invasive BC recurrence-free inter-
val with goal accrual of 1,636 patients. All patients will receive additional systemic 
therapy as planned.

Alliance 012202 trial (NCT01901094) is also evaluating patients with cT1-T3 
N1 (by FNA or core biopsy) who undergo NAC with follow-up negative axilla by 
physical exam and then surgery with SLNB. Th e trial pertains to those patients 
whose SLNB is positive either intraoperatively or on fi nal pathology. Patients are 
then randomized to ALND + nodal RT (without RT to dissected axilla) or axillary 
+ nodal RT (no ALND). If the SLNB is not able to be performed or is negative on 
fi nal pathology, then the patient is not eligible for the trial.

While we await the fi nal accrual and results of the two previous trials, clinicians 
still need to make informed decisions for their current patients. As with upfront 
surgery, while axillary status is an important consideration in determining local–
regional treatment, other important clinical and pathologic factors need to be 
taken into consideration as discussed earlier.

https://clinicaltrials.gov/ct2/show/NCT01872975
https://clinicaltrials.gov/ct2/show/NCT01901094


www.manaraa.com

152 HANDBOOK OF BREAST CANCER AND RELATED BREAST DISEASE

REFERENCES

Epidemiology/General Characteristics
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin. 2016;66(1):7–30.
2. McCormack VA, dos Santos Silva I. Breast density and parenchymal patterns as 

markers of breast cancer risk: a meta-analysis. Cancer Epidemiol Biomarkers Prev. 
2006;15(6):1159–1169.

3. Boyd NF, Guo H, Martin LJ, et al. Mammographic density and the risk and detection of 
breast cancer. N Engl J Med. 2007;356(3):227–236.

4. Hartmann LC, Radisky DC, Frost MH, et al. Understanding the premalignant potential 
of atypical hyperplasia through its natural history: a longitudinal cohort study. Cancer 
Prev Res (Phila). 2014;7(2):211–217.

5. Chuba PJ, Hamre MR, Yap J, et al. Bilateral risk for subsequent breast cancer aft er lobular 
carcinoma-in-situ: analysis of surveillance, epidemiology, and end results data. J Clin 
Oncol. 2005 20;23(24):5534–5541.

6. Page DL, Kidd TE, Dupont WD, et al. Lobular neoplasia of the breast: higher risk 
for subsequent invasive cancer predicted by more extensive disease. Hum Pathol. 
1991;22(12):1232–1239.

7. Li CI, Malone KE, Saltzman BS, Daling JR. Risk of invasive breast carcinoma among 
women diagnosed with ductal carcinoma in situ and lobular carcinoma in situ, 1988–
2001. Cancer. 2006;106(10):2104–2112.

8. Narod SA, Iqbal J, Giannakeas V, et al. Breast cancer mortality aft er a diagnosis of ductal 
carcinoma in situ. JAMA Oncol. 2015;1(7):888–896.

9. Nichols HB, Berrington de Gonzalez A, Lacey JV, Jr, et al. Declining incidence of 
contralateral breast cancer in the United States from 1975 to 2006. J Clin Oncol. 
2011;29(12):1564–1569.

10. Colditz GA, Willett WC, Hunter DJ, et al. Family history, age, and risk of breast cancer: 
prospective data from the Nurses’ Health Study. JAMA. 1993;270(3):338–343.

11. Collaborative Group on Hormonal Factors in Breast Cancer. Familial breast cancer: 
collaborative reanalysis of individual data from 52 epidemiological studies including 
58,209 women with breast cancer and 101,986 women without the disease. Lancet. 2001;
358(9291):1389–1399.

12. Ritte R, Lukanova A, Tjønneland A, et al. Height, age at menarche and risk of hor-
mone receptor-positive and -negative breast cancer: A cohort study. Int J Cancer. 2013;
132(11):2619–2629.

13. Rosner B, Colditz GA, Willett WC. Reproductive risk factors in a prospective study of 
breast cancer: the Nurses’ Health Study. Am J Epidemiol. 1994;139(8):819–835.

14. Colditz GA, Rosner B. Cumulative risk of breast cancer to age 70 years according to risk 
factor status: data from the Nurses’ Health Study. Am J Epidemiol. 2000;152(10):950–964.

15. Chlebowski RT, Hendrix SL, Langer RD, et al. Infl uence of estrogen plus progestin on 
breast cancer and mammography in healthy postmenopausal women: the Women’s 
Health Initiative Randomized Trial. JAMA. 2003;289(24):3243–3253.

16. Bagnardi V, Rota M, Botteri E, et al. Light alcohol drinking and cancer: a meta-analysis. 
Ann Oncol. 2013;24(2):301–308.

17. Han X, Stevens J, Truesdale KP, et al. Body mass index at early adulthood, subsequent 
weight change and cancer incidence and mortality. Int J Cancer. 2014;135(12):2900–2909.

18. Gunter MJ, Hoover DR, Yu H, et al. Insulin, insulin-like growth factor-I, and risk of 
breast cancer in postmenopausal women. J Natl Cancer Inst. 2009;101(1):48–60.



www.manaraa.com

5. EARLY-STAGE INVASIVE BREAST CANCER 153

19. Hormones TE, Group BCC. Insulin-like growth factor 1 (IGF1), IGF binding protein 
3 (IGFBP3), and breast cancer risk: pooled individual data analysis of 17 prospective 
studies. Lancet Oncol. 2010;11(6):530–542.

20. van den Brandt PA, Spiegelman D, Yaun SS, et al. Pooled analysis of prospective cohort 
studies on height, weight, and breast cancer risk. Am J Epidemiol. 2000;152(6):514–527.

21. Guibout C, Adjadj E, Rubino C, et al. Malignant breast tumors aft er radiotherapy for a 
fi rst cancer during childhood. J Clin Oncol. 2005;23(1):197–204.

22. Horwich A, Swerdlow A. Second primary breast cancer aft er Hodgkin’s disease. Br J 
 Cancer. 2004;90(2):294–298.

23. Lynch BM, Friedenreich CM, Winkler EA, et al. Associations of objectively assessed 
physical activity and sedentary time with biomarkers of breast cancer risk in post-
menopausal women: fi ndings from NHANES (2003–2006). Breast Cancer Res Treat. 
2011;130(1):183–194.

24. Stuebe AM, Willett WC, Xue F, Michels KB. Lactation and incidence of premenopausal 
breast cancer: a longitudinal study. Arch Intern Med. 2009;169(15):1364–1371.

25. Tryggvadottir L, Tulinius H, Eyfj ord JE, Sigurvinsson T. Breastfeeding and reduced risk 
of breast cancer in an Icelandic cohort study. Am J Epidemiol. 2001;154(1):37–42.

26. Mathis KL, Hoskin TL, Boughey JC, et al. Palpable presentation of breast cancer persists 
in the era of screening mammography. J Am Coll Surg. 2010;210(3):314–318.

27. Ma I, Dueck A, Gray R, et al. Clinical and self breast examination remain important in 
the era of modern screening. Anna Surg Oncol. 2012;19(5):1484–1490.

28. Smith RL, Pruthi S, Fitzpatrick LA. Evaluation and management of breast pain. Mayo 
Clin Proc. 2004;79:353–372.

29. Kennecke H, Yerushalmi R, Woods R, et al. Metastatic behavior of breast cancer sub-
types. J Clin Oncol. 2010;28(20):3271–3277.

30. Schnipper LE, Smith TJ, Raghavan D, et al. American Society of Clinical Oncology 
identifi es fi ve key opportunities to improve care and reduce costs: the top fi ve list for 
 oncology. J Clin Oncol. 2012;30(14):1715–1724.

31. Edge S, Byrd DR, Compton CC, et al. AJCC Cancer Staging Handbook: From the AJCC 
Cancer Staging Manual. 7th ed. New York, NY: Springer Science + Business Media; 2010.

Pathology
32. Say CC, Donegan WL. Invasive carcinoma of the breast: prognostic signifi cance of tumor 

size and involved axillary lymph nodes. Cancer. 1974;34(2):468–471.
33. Carter CL, Allen C, Henson DE. Relation of tumor size, lymph node status, and survival 

in 24,740 breast cancer cases. Cancer. 1989;63(1):181–187.
34. Mayer EL, Dominici LS. Breast cancer axillary staging: much ado about micrometastatic 

disease. J Clin Oncol. 2015;33(10):1095–1097.
35. Houvenaeghel G, Classe J, Garbay J, et al. Prognostic value of isolated tumor cells and 

micrometastases of lymph nodes in early-stage breast cancer: a French sentinel node 
multicenter cohort study. Breast. 2014;23(5):561–566.

36. Borst MJ, Ingold JA. Metastatic patterns of invasive lobular versus invasive ductal carci-
noma of the breast. Surgery. 1993;114(4):637–641; discussion 641–642.

37. Li C, Uribe D, Daling J. Clinical characteristics of diff erent histologic types of breast 
cancer. Br J Cancer. 2005;93(9):1046–1052.

38. Arpino G, Bardou VJ, Clark GM, Elledge RM. Infi ltrating lobular carcinoma of the breast: 
tumor characteristics and clinical outcome. Breast Cancer Res. 2004;6(3):R149–R156.



www.manaraa.com

154 HANDBOOK OF BREAST CANCER AND RELATED BREAST DISEASE

39. Mai KT, Yazdi HM, Isotalo PA. Resection margin status in lumpectomy specimens of 
infi ltrating lobular carcinoma. Breast Cancer Res Treat. 2000;60(1):29–33.

40. Rakha EA, van Deurzen CH, Paish EC, et al. Pleomorphic lobular carcinoma of the 
breast: is it a prognostically signifi cant pathological subtype independent of histological 
grade? Mod Pathol. 2013;26(4):496–501.

41. Pedersen L, Holck S, Schiødt T, et al. Medullary carcinoma of the breast, prognostic 
importance of characteristic histopathological features evaluated in a multivariate Cox 
analysis. Eur J Cancer. 1994;30(12):1792–1797.

42. Huober J, Gelber S, Goldhirsch A, et al. Prognosis of medullary breast cancer: anal-
ysis of 13 International Breast Cancer Study Group (IBCSG) trials. Ann Oncol. 2012;
23(11):2843–2851.

43. Vo T, Xing Y, Meric-Bernstam F, et al. Long-term outcomes in patients with muci-
nous, medullary, tubular, and invasive ductal carcinomas aft er lumpectomy. Am J Surg. 
2007;194(4):527–531.

44. Walsh MM, Bleiweiss IJ. Invasive micropapillary carcinoma of the breast: eighty cases of 
an underrecognized entity. Hum Pathol. 2001;32(6):583–589.

45. Pinder S, Murray S, Ellis I, et al. Th e importance of the histologic grade of invasive breast 
carcinoma and response to chemotherapy. Cancer. 1998;83(8):1529–1539.

46. Hoda S, Brogi E, Koener F, Rosen P. Rosen’s Breast Pathology. 4th ed. Philadelphia, PA: 
Lippincott Williams and Wilkins; 2014.

47. Hammond MEH, Hayes DF, Wolff  AC, et al. American Society of Clinical Oncology/
College of American Pathologists guideline recommendations for immunohistochem-
ical testing of estrogen and progesterone receptors in breast cancer. J Oncol Pract. 
2010;6(4):195–197.

48. Wolff  AC, Hammond ME, Hicks DG, et al. Recommendations for human epidermal 
growth factor receptor 2 testing in breast cancer: American Society of Clinical  Oncology/
College of American Pathologists clinical practice guideline update. J Clin Oncol. 
2013;31(31):3997–4013.

49. Inwald E, Klinkhammer-Schalke M, Hofstädter F, et al. Ki-67 is a prognostic parameter 
in breast cancer patients: results of a large population-based cohort of a cancer registry. 
Breast Cancer Res Treat. 2013;139(2):539–552.

50. Georgiannos SN, Chin Aleong J, Goode AW, Sheaff  M. Secondary neoplasms of the 
breast. Cancer. 2001;92(9):2259–2266.

51. Hajdu SI, Urban JA. Cancers metastatic to the breast. Cancer. 1972;29(6):1691–1696.
52. Bacchi CE, Wludarski SC, Ambaye AB, et al. Metastatic melanoma presenting as an iso-

lated breast tumor: a study of 20 cases with emphasis on several primary mimickers. Arch 
Pathol Lab Med. 2013;137(1):41–49.

53. DeLair DF, Corben AD, Catalano JP, et al. Non-mammary metastases to the breast and 
axilla: a study of 85 cases. Mod Pathol. 2013;26(3):343–349.

54. Hejmadi R, Day L, Young J. Extramammary metastatic neoplasms in the breast: a cyto-
morphological study of 11 cases. Cytopathology. 2003;14(4):191–194.

55. Kothadia JP, Arju R, Kaminski M, et al. Metastatic colonic adenocarcinoma in breast: 
report of two cases and review of the literature. Case Rep Oncol Med. 2015;2015:1–6. 
doi:10.1155/2015/458423

56. Shen Y, Sui Y, Zhang X, et al. Ipsilateral breast metastasis from a pulmonary adeno-
carcinoma: a case report and a focused review of the literature. Int J Clin Exp Pathol. 
2015;8(8):9647–9654.



www.manaraa.com

5. EARLY-STAGE INVASIVE BREAST CANCER 155

57. Lee AH. Th e histological diagnosis of metastases to the breast from extramammary 
malignancies. J Clin Pathol. 2007;60(12):1333–1341.

58. David O, Gattuso P, Razan W, et al. Unusual cases of metastases to the breast. Acta Cytol. 
2002;46(2):377–385.

59. Rodríguez-Gil Y, Pérez-Barrios A, Alberti-Masgrau N, et al. Fine-needle aspiration 
cytology diagnosis of metastatic nonhaematological neoplasms of the breast: a series of 
seven cases. Diagn Cytopathol. 2012;40(4):297–304.

60. Wood B, Sterrett G, Frost F, Swarbrick N. Diagnosis of extramammary malignancy met-
astatic to the breast by fi ne needle biopsy. Pathology. 2008;40(4):345–351.

Surgery
61. Sakorafas G, Safi oleas M. Breast cancer surgery: an historical narrative. Part II. 18th and 

19th centuries. Eur J Cancer Care (Engl). 2010;19(1):6–29.
62. Sakorafas G, Safi oleas M. Breast cancer surgery: an historical narrative. Part III. 

From the sunset of the 19th to the dawn of the 21st century. Eur J Cancer Care (Engl). 
2010;19(2):145–166.

63. Fisher B, Anderson S, Bryant J, et al. Twenty-year follow-up of a randomized trial com-
paring total mastectomy, lumpectomy, and lumpectomy plus irradiation for the treat-
ment of invasive breast cancer. N Engl J Med. 2002;347(16):1233–1241.

64. Veronesi U, Cascinelli N, Mariani L, et al. Twenty-year follow-up of a randomized study 
comparing breast-conserving surgery with radical mastectomy for early breast cancer. 
N Engl J Med. 2002;347(16):1227–1232.

65. Poggi MM, Danforth DN, Sciuto LC, et al. Eighteen-year results in the treatment of 
early breast carcinoma with mastectomy versus breast conservation therapy. Cancer. 
2003;98(4):697–702.

66. Arriagada R, Le MG, Rochard F, Contesso G. Conservative treatment versus mastec-
tomy in early breast cancer: patterns of failure with 15 years of follow-up data. Institut 
 Gustave-Roussy Breast Cancer Group. J Clin Oncol. 1996;14(5):1558–1564.

67. van Dongen JA, Voogd AC, Fentiman IS, et al. Long-term results of a randomized trial 
comparing breast-conserving therapy with mastectomy: European Organization for 
Research and Treatment of Cancer 10801 trial. J Natl Cancer Inst. 2000;92(14):1143–
1150.

68. Blichert-Toft  M, Rose C, Andersen JA, et al. Danish randomized trial comparing breast 
conservation therapy with mastectomy: six years of life-table analysis. Danish Breast 
Cancer Cooperative Group. J Natl Cancer Inst Monogr. 1992;(11):19–25.

69. Houssami N, Macaskill P, Marinovich ML, Morrow M. Th e association of surgical mar-
gins and local recurrence in women with early-stage invasive breast cancer treated with 
breast-conserving therapy: a meta-analysis. Ann Surg Oncol. 2014;21(3):717–730.

70. Moran MS, Schnitt SJ, Giuliano AE, et al. Society of Surgical Oncology–American 
 Society for Radiation Oncology consensus guideline on margins for breast-conserving 
surgery with whole-breast irradiation in stages I and II invasive breast cancer. Int J Radiat 
Oncol Biol Phys. 2014;88(3):553–564.

71. Gentilini O, Botteri E, Rotmensz N, et al. Conservative surgery in patients with multifo-
cal/multicentric breast cancer. Breast Cancer Res Treat. 2009;113(3):577–583.

72. Medina-Franco H, Vasconez LO, Fix RJ, et al. Factors associated with local recurrence 
aft er skin-sparing mastectomy and immediate breast reconstruction for invasive breast 
cancer. Ann Surg. 2002;235(6):814–819.



www.manaraa.com

156 HANDBOOK OF BREAST CANCER AND RELATED BREAST DISEASE

73. Carlson GW, Styblo TM, Lyles RH, et al. Local recurrence aft er skin-sparing mastectomy: 
tumor biology or surgical conservatism? Ann Surg Oncol. 2003;10(2):108–112.

74. Spiegel AJ, Butler CE. Recurrence following treatment of ductal carcinoma in situ with 
skin-sparing mastectomy and immediate breast reconstruction. Plast Reconstr Surg. 
2003;111(2):706–711.

75. Greenway RM, Schlossberg L, Dooley WC. Fift een-year series of skin-sparing mastec-
tomy for stage 0 to 2 breast cancer. Am J Surg. 2005;190(6):933–938.

76. Yi M, Kronowitz SJ, Meric-Bernstam F, et al. Local, regional, and systemic recurrence 
rates in patients undergoing skin-sparing mastectomy compared with conventional mas-
tectomy. Cancer. 2011;117(5):916–924.

77. Romics L, Chew B, Weiler-Mithoff  E, et al. Ten-year follow-up of skin-sparing mastec-
tomy followed by immediate breast reconstruction. Br J Surg. 2012;99(6):799–806.

78. Foster RD, Esserman LJ, Anthony JP, et al. Skin-sparing mastectomy and immediate 
breast reconstruction: a prospective cohort study for the treatment of advanced stages of 
breast carcinoma. Ann Surg Oncol. 2002;9(5):462–466.

79. Downes KJ, Glatt BS, Kanchwala SK, et al. Skin-sparing mastectomy and immediate 
reconstruction is an acceptable treatment option for patients with high-risk breast carci-
noma. Cancer. 2005;103(5):906–913.

80. Prabhu R, Godette K, Carlson G, et al. Th e impact of skin-sparing mastectomy with immedi-
ate reconstruction in patients with stage III breast cancer treated with neoadjuvant chemo-
therapy and postmastectomy radiation. Int J Radiat Oncol Biol Phys. 2012;82(4):e587–e593.

81. de Alcantara Filho P, Capko D, Barry JM, et al. Nipple-sparing mastectomy for breast 
cancer and risk-reducing surgery: the Memorial Sloan-Kettering Cancer Center experi-
ence. Ann Surg Oncol. 2011;18(11):3117–3122.

82. Jensen JA, Orringer JS, Giuliano AE. Nipple-sparing mastectomy in 99 patients with a 
mean follow-up of 5 years. Ann Surg Oncol. 2011;18(6):1665–1670.

83. Peled AW, Foster RD, Garwood ER, et al. Th e eff ects of acellular dermal matrix in 
expander-implant breast reconstruction aft er total skin-sparing mastectomy: results of 
a prospective practice improvement study. Plast Reconstr Surg. 2012;129(6):901e–908e.

84. Weidong L, Shuling W, Xiaojing G, et al. Nipple involvement in breast cancer: retro-
spective analysis of 2323 consecutive mastectomy specimens. Int J Surg Pathol. 2011;
19(3):328–334.

85. Giuliano AE, Kirgan DM, Guenther JM, Morton DL. Lymphatic mapping and sentinel 
lymphadenectomy for breast cancer. Ann Surg. 1994;220(3):391–398; discussion 398–401.

86. Giuliano AE, Dale PS, Turner RR, et al. Improved axillary staging of breast cancer with 
sentinel lymphadenectomy. Ann Surg. 1995;222(3):394–399; discussion 399–401.

87. Krag D, Weaver D, Ashikaga T, et al. Th e sentinel node in breast cancer—a multicenter 
validation study. N Engl J Med. 1998;339(14):941–946.

88. Wong SL, Edwards MJ, Chao C, et al. Sentinel lymph node biopsy for breast cancer: 
impact of the number of sentinel nodes removed on the false-negative rate. J Am Coll 
Surg. 2001;192(6):684–689.

89. Chagpar A, Martin RC III, Chao C, et al. Validation of subareolar and periareolar injec-
tion techniques for breast sentinel lymph node biopsy. Ann Surg. 2004;139(6):614–620.

90. McMasters KM, Wong SL, Martin RC, et al. Dermal injection of radioactive colloid is 
superior to peritumoral injection for breast cancer sentinel lymph node biopsy: results of 
a multiinstitutional study. Ann Surg. 2001;233(5):676–687.



www.manaraa.com

5. EARLY-STAGE INVASIVE BREAST CANCER 157

91. Krag DN, Anderson SJ, Julian TB, et al. Sentinel-lymph-node resection compared with 
conventional axillary-lymph-node dissection in clinically node-negative patients with 
breast cancer: overall survival fi ndings from the NSABP B-32 randomised phase 3 trial. 
Lancet Oncol. 2010;11(10):927–933.

92. Giuliano AE, McCall L, Beitsch P, et al. Locoregional recurrence aft er sentinel lymph 
node dissection with or without axillary dissection in patients with sentinel lymph node 
metastases: the American College of Surgeons Oncology Group Z0011 randomized 
 trial. Ann Surg. 2010;252(3):426–432; discussion 432–433.

93. Giuliano AE, Hunt KK, Ballman KV, et al. Axillary dissection vs no axillary dissection 
in women with invasive breast cancer and sentinel node metastasis: a randomized clin-
ical trial. JAMA. 2011;305(6):569–575.

94. Galimberti V, Cole BF, Zurrida S, et al. Axillary dissection versus no axillary dissection 
in patients with sentinel-node micrometastases (IBCSG 23–01): a phase 3 randomised 
controlled trial. Lancet Oncol. 2013;14(4):297–305.

95. Donker M, van Tienhoven G, Straver ME, et al. Radiotherapy or surgery of the  axilla 
aft er a positive sentinel node in breast cancer (EORTC 10981-22023 AMAROS): a 
randomised, multicentre, open-label, phase 3 non-inferiority trial. Lancet Oncol. 
2014;15(12):1303–1310.

Radiation Therapy in the Adjuvant Setting Following Surgery
96. Marks LB, Prosnitz LR. Reducing local therapy in patients responding to preoperative 

systemic therapy: are we outsmarting ourselves? J Clin Oncol. 2014;32(6):491–493.

Radiation Therapy as an Adjuvant to BCS for Early-Stage BC
97. NIH consensus conference. Treatment of early-stage breast cancer. JAMA. 1991;265(3):

391–395.
98. Fisher B, Jeong JH, Anderson S, et al. Twenty-fi ve-year follow-up of a randomized trial 

comparing radical mastectomy, total mastectomy, and total mastectomy followed by 
irradiation. N Engl J Med. 2002;347(8):567–575.

99. Clarke M, Collins R, Darby S, et al. Eff ects of radiotherapy and of diff erences in the 
 extent of surgery for early breast cancer on local recurrence and 15-year survival: an 
overview of the randomised trials. Lancet. 2005;366(9503):2087–2106.

100. Early Breast Cancer Trialists’ Collaborative Group; Darby S, McGale P, Correa C, et 
al. Eff ect of radiotherapy aft er breast-conserving surgery on 10-year recurrence and 
15-year breast cancer death: meta-analysis of individual patient data for 10,801 women 
in 17 randomised trials. Lancet. 2011;378(9804):1707–1716. doi:10.1016/S0140-
6736(11)61629-2

101. Fisher B, Bryant J, Dignam JJ, et al. Tamoxifen, radiation therapy, or both for prevention 
of ipsilateral breast tumor recurrence aft er lumpectomy in women with invasive breast 
cancers of one centimeter or less. J Clin Oncol. 2002;20(20):4141–4149.

102. Hughes KS, Schnaper LA, Berry D, et al. Lumpectomy plus tamoxifen with or without 
irradiation in women 70 years of age or older with early breast cancer. N Engl J Med. 
2004;351(10):971–977.

103. Hughes KS, Schnaper LA, Bellon JR, et al. Lumpectomy plus tamoxifen with or with-
out irradiation in women age 70 years or older with early breast cancer: long-term 
 follow-up of CALGB 9343. J Clin Oncol. 2013;31(19):2382–2387.



www.manaraa.com

158 HANDBOOK OF BREAST CANCER AND RELATED BREAST DISEASE

104. Kunkler IH, Williams LJ, Jack WJ, et al. Breast-conserving surgery with or without irra-
diation in women aged 65 years or older with early breast cancer (PRIME II): a ran-
domised controlled trial. Lancet Oncol. 2015;16(3):266–273.

105. Tanguturi SK, Lyatskaya Y, Chen Y, et al. Prospective assessment of deep inspiration 
breath-hold using 3-dimensional surface tracking for irradiation of left -sided breast 
cancer. Pract Radiat Oncol. 2015;5(6):358–365. doi:10.1016/j.prro.2015.06.002

106. Krengli M, Masini L, Caltavuturo T, et al. Prone versus supine position for adjuvant 
breast radiotherapy: a prospective study in patients with pendulous breasts. Radiat 
Oncol. 2013;8;8:232. doi:10.1186/1748-717X-8-232

107. Veldeman L, Schiettecatte K, De Sutter C, et al. Th e 2-year cosmetic outcome of a 
randomized trial comparing prone and supine whole-breast irradiation in large-
breasted women. Int J Radiat Oncol Biol Phys. 2016;95:1210–1217. doi:10.1016/j
.ijrobp.2016.03.003

108. Donovan E, Bleakley N, Denholm E, et al. Randomised trial of standard 2D radiother-
apy (RT) versus intensity modulated radiotherapy (IMRT) in patients prescribed breast 
radiotherapy. Radiother Oncol. 2007;82:254–264.

109. Pignol J, Olivotto I, Rakovitch E, et al. A multicenter randomized trial of breast inten-
sity-modulated radiation therapy to reduce acute radiation dermatitis. J Clin Oncol. 
2008;26:2085–2092.

110. Freedman G, Li T, Nicolaou N, Anderson P. Breast intensity modulated radiation ther-
apy reduces time spent with acute dermatitis for women of all breast sizes during radi-
ation. Int J Radiat Oncol Biol Phys. 2009;74:689–694.

111. McDonald MW, Godette KD, Butker EK, et al. Long-term outcomes of IMRT for breast 
cancer: a single-institution cohort analysis. Int J Radiat Oncol Biol Phys. 2008;72:1031–1040.

112. Harsolia A, Kestin L, Grills I, et al. Intensity-modulated radiotherapy results in sig-
nifi cant decrease in clinical toxicities compared with conventional wedge-based breast 
radiotherapy. Int J Radiat Oncol Biol Phys. 2007;68:1375–1380.

113. Murphy C, Anderson PR, Li T, et al. Impact of the radiation boost on outcomes aft er 
breast-conserving surgery and radiation. Int J Radiat Oncol Biol Phys. 2011;81(1):69–76. 
doi:10.1016/j.ijrobp.2010.04.067

114. Rosen PP, Fracchia AA, Urban JA, et al. “Residual” mammary carcinoma following sim-
ulated partial mastectomy. Cancer. 1975;35(3):739–747.

115. Bentzen SM, Agrawal RK, Aird EG, et al. Th e UK Standardisation of Breast Radiother-
apy (START) Trial A of radiotherapy hypofractionation for treatment of early breast 
cancer: a randomised trial. Lancet Oncol. 2008;9(4):331–341.

116. Bentzen SM, Agrawal RK, Aird EG, et al. Th e UK Standardisation of Breast Radiother-
apy (START) Trial B of radiotherapy hypofractionation for treatment of early breast 
cancer: a randomised trial. Lancet. 2008;371(9618):1098–1107.

117. Owen JR, Ashton A, Bliss JM, et al. Eff ect of radiotherapy fraction size on tumour con-
trol in patients with early-stage breast cancer aft er local tumour excision: long-term 
results of a randomised trial. Lancet Oncol. 2006;7(6):467–471.

118. Whelan T, MacKenzie R, Julian J, et al. Randomized trial of breast irradiation schedules 
aft er lumpectomy for women with lymph node-negative breast cancer. J Natl Cancer 
Inst. 2002;94(15):1143–1150.

119. Whelan TJ, Pignol JP, Julian J, et al. Long-term results of a randomized trial of accel-
erated hypofractionated whole breast irradiation following breast conserving sur-
gery in women with node-negative breast cancer. Int J Radiat Oncol Biol Phys. 
2008;72( suppl):A60, S28.



www.manaraa.com

5. EARLY-STAGE INVASIVE BREAST CANCER 159

120. Yarnold J, Ashton A, Bliss J, et al. Fractionation sensitivity and dose response of late 
adverse eff ects in the breast aft er radiotherapy for early breast cancer: long-term results 
of a randomised trial. Radiother Oncol. 2005;75(1):9–17.

121. Whelan TJ, Pignol JP, Levine MN, et al. Long-term results of hypofractionated radiation 
therapy for breast cancer. N Engl J Med. 2010;362(6):513–520.

122. Haviland JS, Owen JR, Dewar JA, et al. Th e UK Standardisation of Breast Radiother-
apy (START) trials of radiotherapy hypofractionation for treatment of early breast 
cancer: 10-year follow-up results of two randomised controlled trials. Lancet Oncol. 
2013;14(11):1086–1094.

123. Shaitelman SF, Schlembach PJ, Arzu I, et al. Acute and short-term toxic eff ects of con-
ventionally fractionated vs hypofractionated whole-breast irradiation: a randomized 
clinical trial. JAMA Oncol. 2015;1(7):931–941.

124. Jagsi R, Griffi  th KA, Boike TP, et al. Diff erences in the acute toxic eff ects of breast radi-
otherapy by fractionation schedule: comparative analysis of physician-assessed and 
patient-reported outcomes in a large multicenter cohort. JAMA Oncol. 2015;1(7):918–
930.

125. Smith BD, Bentzen SM, Correa CR, et al. Fractionation for whole breast irradiation: 
an American Society for Radiation Oncology (ASTRO) evidence-based guideline. Int J 
Radiat Oncol Biol Phys. 2011;81(1):59–68.

126. Clark RM, Whelan T, Levine M, et al. Randomized clinical trial of breast irradiation fol-
lowing lumpectomy and axillary dissection for node-negative breast cancer: an update. 
Ontario Clinical Oncology Group. J Natl Cancer Inst. 1996;88(22):1659–1664.

127. Holli K, Saaristo R, Isola J, et al. Lumpectomy with or without postoperative radiother-
apy for breast cancer with favourable prognostic features: results of a randomized study. 
Br J Cancer. 2001;84(2):164–169.

128. Liljegren G, Holmberg L, Bergh J, et al. 10-year results aft er sector resection with or 
without postoperative radiotherapy for stage I breast cancer: a randomized trial. J Clin 
Oncol. 1999;17(8):2326–2333.

129. Romestaing P, Lehingue Y, Carrie C, et al. Role of a 10-Gy boost in the conservative 
treatment of early breast cancer: results of a randomized clinical trial in Lyon, France. 
J Clin Oncol. 1997;15(3):963–968.

130. Bartelink H, Horiot JC, Poortmans P, et al. Recurrence rates aft er treatment of breast 
cancer with standard radiotherapy with or without additional radiation. N Engl J Med. 
2001;345(19):1378–1387.

131. Poortmans PM, Collette L, Bartelink H, et al. Th e addition of a boost dose on the pri-
mary tumour bed aft er lumpectomy in breast conserving treatment for breast cancer. 
A summary of the results of EORTC 22881-10882 “boost versus no boost” trial. Cancer 
Radiother. 2008;12(6–7):565–570.

132. Bartelink H, Horiot JC, Poortmans PM, et al. Impact of a higher radiation dose on local 
control and survival in breast-conserving therapy of early breast cancer: 10-year results 
of the randomized boost versus no boost EORTC 22881-10882 trial. J Clin Oncol. 
2007;25(22):3259–3265.

133. Nattinger AB, Kneusel RT, Hoff mann RG, Gilligan MA. Relationship of distance 
from a radiotherapy facility and initial breast cancer treatment. J Natl Cancer Inst. 
2001;93:1344–1346.

134. Nattinger AB, Hoff mann RG, Kneusel RT, Schapira MM. Relation between appro-
priateness of primary therapy for early-stage breast carcinoma and increased use of 
breast-conserving surgery. Lancet. 2000;356:1148–1153.



www.manaraa.com

160 HANDBOOK OF BREAST CANCER AND RELATED BREAST DISEASE

135. Strnad V, Ott OJ, Hildebrandt G, et al. 5-year results of accelerated partial breast irra-
diation using sole interstitial multicatheter brachytherapy versus whole-breast irra-
diation with boost aft er breast-conserving surgery for low-risk invasive and in-situ 
carcinoma of the female breast: a randomised, phase 3, non-inferiority trial. Lancet. 
2016;387(10015):229–238. doi:10.1016/S0140-6736(15)00471-7

136. Vaidya JS, Joseph DJ, Tobias JS, et al. Targeted intraoperative radiotherapy versus whole 
breast radiotherapy for breast cancer (TARGIT-A trial): an international, prospective, 
randomised, non-inferiority phase 3 trial. Lancet. 2010;376:91–102.

137. Orecchia R. ELIOT trials in Milan: results. Radiother Oncol. 2012;103:S4.
138. Olivotto IA, Whelan TJ, Parpia S, et al. Interim cosmetic and toxicity results from RAPID: 

a randomized trial of accelerated partial breast irradiation using three- dimensional con-
formal external beam radiation therapy. J Clin Oncol. 2013;31:4038–4045.

139. Leonard KL, Hepel JT, Hiatt JR, et al. Th e eff ect of dose-volume parameters and inter-
fraction interval on cosmetic outcome and toxicity aft er 3-dimensional conformal 
accelerated partial breast irradiation. Int J Radiat Oncol Biol Phys. 2013;85:623–629.

140. Hepel JT, Tokita M, MacAusland SG, et al. Toxicity of three-dimensional conformal 
radiotherapy for accelerated partial breast irradiation. Int J Radiat Oncol Biol Phys. 
2009;75:1290–1296.

141. Smith GL, Xu Y, Buchholz TA, et al. Association between treatment with brachyther-
apy vs whole-breast irradiation and subsequent mastectomy, complications, and sur-
vival among older women with invasive breast cancer. JAMA. 2012;307(17):1827–1837. 
doi:10.1001/jama.2012.3481

142. Smith BD, Arthur DW, Buchholz TA, et al. Accelerated partial breast irradiation con-
sensus statement from the American Society for Radiation Oncology (ASTRO). Int J 
Radiat Oncol Biol Phys. 2009;74(4):987–1001.

143. Shaitelman SF, Vicini FA, Beitsch P, et al. Five-year outcome of patients classifi ed 
using the American Society for Radiation Oncology consensus statement guidelines 
for the application of accelerated partial breast irradiation: an analysis of patients 
treated on the American Society of Breast Surgeons MammoSite Registry Trial. Cancer. 
2010;116(20):4677–4685. doi:10.1002/cncr.25383

144. Vicini F, Shah C, Ben Wilkinson J, et al. Should ductal carcinoma-in-situ (DCIS) be 
removed from the ASTRO consensus panel cautionary group for off -protocol use 
of accelerated partial breast irradiation (APBI)? A pooled analysis of outcomes for 
300 patients with DCIS treated with APBI. Ann Surg Oncol. 2013;20(4):1275–1281. 
doi:10.1245/s10434-012-2694-7

145. Julian TB, Costantino JP, Vicini FA, et al. Early toxicity results with 3-d conformal 
external beam therapy (CEBT) from the NSABP B-39/RTOG 0413 Accelerated Par-
tial Breast Irradiation (APBI) Trial [abstract]. Int J Radiat Oncol Biol Phys. 2011;
81(suppl 2):S7.

146. Yu CX, Shao X, Zhang J, et al. GammaPod—a new device dedicated for stereotactic 
radiotherapy of breast cancer. Med Phys. 2013;40:051703.

147. Ödén J, Toma-Dasu I, Yu CX, et al. Dosimetric comparison between intra-cavitary 
breast brachytherapy techniques for accelerated partial breast irradiation and a novel 
stereotactic radiotherapy device for breast cancer: GammaPod™. Phys Med Biol. 
2013;58:4409–4421.

148. Mutaf YD, Yu C, Nichols EN, et al. Localization accuracy of a novel prone breast stere-
otactic immobilization. Med Phys. 2013;40:93. doi:10.1118/1.4813969



www.manaraa.com

5. EARLY-STAGE INVASIVE BREAST CANCER 161

149. Snider III JW, Mutaf Y, Hall A, et al. Dosimetric improvements based on vacuum 
assisted breast immobilization utilized with a novel breast stereotactic radiation therapy 
(BSRT) device. 2015;93(3)(suppl):E53.

150. Nichols EM, Dhople AA, Mohiuddin MM, et al. Comparative analysis of the 
post-lumpectomy target volume versus the use of pre-lumpectomy tumor volume 
for early stage breast cancer: implications for the future. Int J Radiat Oncol Biol Phys. 
2010;77:197–202.

151. Nichols EM, Feigenberg SJ, Marter K, et al. Preoperative radiation therapy signifi cantly 
increases patient eligibility for accelerated partial breast irradiation using  3D-conformal 
radiotherapy. Am J Clin Oncol. 2013;36:232–238.

152. Overgaard M, Hansen PS, Overgaard J, et al. Postoperative radiotherapy in high-risk 
premenopausal women with breast cancer who receive adjuvant chemotherapy. Danish 
Breast Cancer Cooperative Group 82b Trial. N Engl J Med. 1997;337(14):949–955.

153. Overgaard M, Jensen MB, Overgaard J, et al. Postoperative radiotherapy in high-risk 
postmenopausal breast-cancer patients given adjuvant tamoxifen: Danish Breast Cancer 
Cooperative Group DBCG 82c randomised trial. Lancet. 1999;353(9165):1641–1648.

154. Ragaz J, Olivotto IA, Spinelli JJ, et al. Locoregional radiation therapy in patients with 
high-risk breast cancer receiving adjuvant chemotherapy: 20-year results of the British 
Columbia randomized trial. J Natl Cancer Inst. 2005;97(2):116–126.

155. Recht A, Edge SB, Solin LJ, et al. Postmastectomy radiotherapy: clinical practice guide-
lines of the American Society of Clinical Oncology. J Clin Oncol. 2001;19(5):1539–
1569.

156. Olson JA, Jr, McCall LM, Beitsch P, et al. Impact of immediate versus delayed axillary 
node dissection on surgical outcomes in breast cancer patients with positive sentinel 
nodes: results from American College of Surgeons Oncology Group Trials Z0010 and 
Z0011. J Clin Oncol. 2008;26(21):3530–3535.

157. Jagsi R, Chadha M, Moni J, et al. Radiation fi eld design in the ACOSOG Z0011 
( Alliance) Trial. J Clin Oncol. 2014;32(32):3600–3606.

158. Poortmans PM, Collette S, Kirkove C, et al. Internal mammary and medial supraclavic-
ular irradiation in breast cancer. N Engl J Med. 2015;373(4):317–327.

159. Whelan TJ, Olivotto IA, Parulekar WR, et al. Regional nodal irradiation in early-stage 
breast cancer. N Engl J Med. 2015;373(4):307–316.

160. Th orsen LB, Off ersen BV, Dano H, et al. DBCG-IMN: a population-based cohort study 
on the eff ect of internal mammary node irradiation in early node-positive breast cancer. 
J Clin Oncol. 2016;34(4):314–320. doi:10.1200/JCO.2015.63.6456

161. Darby SC, Ewertz M, McGale P, et al. Risk of ischemic heart disease in women aft er 
radiotherapy for breast cancer. N Engl J Med. 2013;368(11):987–998.

162. Early Breast Cancer Trialists’ Collaborative Group; McGale P, Taylor C, Correa C, 
et  al. Eff ect of radiotherapy aft er mastectomy and axillary surgery on 10-year recur-
rence and 20-year breast cancer mortality: meta-analysis of individual patient data for 
8135 women in 22 randomised trials. Lancet. 2014;383(9935):2127–2135. doi:10.1016/
S0140-6736(14)60488-8

163. Floyd SR, Taghian AG. Post-mastectomy radiation in large node-negative breast 
tumors: does size really matter? Radiother Oncol. 2009;91(1):33–37. doi:10.1016/j
.radonc.2008.09.015

164. Johnson ME, Handorf EA, Martin JM, Hayes SB. Postmastectomy radiation therapy 
for T3N0: a SEER analysis. Cancer. 2014;120(22):3569–3574. doi:10.1002/cncr.28865



www.manaraa.com

162 HANDBOOK OF BREAST CANCER AND RELATED BREAST DISEASE

165. Kyndi M, Sørensen FB, Knudsen H, et al. Estrogen receptor, progesterone receptor, 
HER-2, and response to postmastectomy radiotherapy in high-risk breast cancer: 
the Danish Breast Cancer Cooperative Group. J Clin Oncol. 2008;26(9):1419–1426. 
doi:10.1200/JCO.2007.14.5565

166. Wallgren A, Bonetti M, Gelber RD, et al. Risk factors for locoregional recurrence among 
breast cancer patients: results from International Breast Cancer Study Group Trials I 
through VII. J Clin Oncol. 2003;21(7):1205–1213.

167. Jagsi R, Abrahamse P, Morrow M, et al. Patterns and correlates of adjuvant radiother-
apy receipt aft er lumpectomy and aft er mastectomy for breast cancer. J Clin Oncol. 
2010;28(14):2396–2403. doi:10.1200/JCO.2009.26.8433

168. Kyndi M, Overgaard M, Nielsen HM, et al. High local recurrence risk is not associated 
with large survival reduction aft er postmastectomy radiotherapy in high-risk breast 
cancer: a subgroup analysis of DBCG 82 b&c. Radiother Oncol. 2009;90(1):74–79. 
doi:10.1016/j.radonc.2008.04.014

169. Truong PT, Sadek BT, Lesperance MF, et al. Is biological subtype prognostic of locore-
gional recurrence risk in women with pT1-2N0 breast cancer treated with mastectomy? 
Int J Radiat Oncol Biol Phys. 2014;88(1):57–64. doi:10.1016/j.ijrobp.2013.09.024

170. Karlsson P, Cole BF, Chua BH, et al. Patterns and risk factors for locoregional failures 
aft er mastectomy for breast cancer: an International Breast Cancer Study Group report. 
Ann Oncol. 2012;23(11):2852–2858. doi:10.1093/annonc/mds118

171. Freedman GM, Fowble BL, Hanlon AL, et al. A close or positive margin aft er mas-
tectomy is not an indication for chest wall irradiation except in women aged fi ft y or 
younger. Int J Radiat Oncol Biol Phys. 1998;41(3):599–605.

172. Childs SK, Chen YH, Duggan MM, et al. Surgical margins and the risk of local-regional 
recurrence aft er mastectomy without radiation therapy. Int J Radiat Oncol Biol Phys. 
2012;84(5):1133–1138. doi:10.1016/j.ijrobp.2012.02.048

173. Katz A, Strom EA, Buchholz TA, et al. Th e infl uence of pathologic tumor characteristics 
on locoregional recurrence rates following mastectomy. Int J Radiat Oncol Biol Phys. 
2001;50(3):735–742.

Systemic Adjuvant Therapy
174. Anampa J, Makower D, Sparano JA. Progress in adjuvant chemotherapy for breast can-

cer: an overview. BMC Med. 2015;13:195.
175. Brown-Glaberman U, Dayao Z, Royce M. HER2-targeted therapy for early-stage breast 

cancer: a comprehensive review. Oncology (Williston Park). 2014;28(4):281–289.
176. Isakoff  S. Triple-negative breast cancer: role of specifi c chemotherapy agents. Cancer J. 

2010;16(1):53–61.
177. Loprinzi CL, Th omé SD. Understanding the utility of adjuvant systemic therapy for 

primary breast cancer. J Clin Oncol. 2001;19(4):972–979.
178. Miller E, Lee HJ, Lulla A, et al. Current treatment of early breast cancer: adjuvant and 

neoadjuvant therapy [version 1; referees: 2 approved]. F1000Res. 2014;3:198.
179. Early Breast Cancer Trialists’ Collaborative Group. Comparisons between diff erent poly-

chemotherapy regimens for early breast cancer: meta-analyses of long-term outcome 
among 100 000 women in 123 randomised trials. Lancet. 2012;379(9814):432–444.

180. Early Breast Cancer Trialists’ Collaborative Group. Eff ects of chemotherapy and hor-
monal therapy for early breast cancer on recurrence and 15-year survival: an overview 
of the randomised trials. Lancet. 2005;365(9472):1687–1717.



www.manaraa.com

5. EARLY-STAGE INVASIVE BREAST CANCER 163

181. Coates AS, Winer EP, Goldhirsch A, et al. Tailoring therapies—improving the manage-
ment of early breast cancer: St Gallen International Expert Consensus on the Primary 
Th erapy of Early Breast Cancer 2015. Ann Oncol. 2015;26(8):1533–1546.

182. Fornier MN, Modi S, Panageas KS, et al. Incidence of chemotherapy-induced, long-
term amenorrhea in patients with breast carcinoma age 40 years and younger aft er adju-
vant anthracycline and taxane. Cancer [Internet]. 2005;104(8):1575–1579. doi:10.1002/
cncr.21385

183. Goss PE, Strasser K. Aromatase inhibitors in the treatment and prevention of breast 
cancer. J Clin Oncol. 2001;19(3):881–894.

184. Lønning PE, Lien EA. Mechanisms of action of endocrine treatment in breast cancer. 
Crit Rev Oncol. 1995;21(1):158–193.

185. DeVita VTL, Th eodore S, Rosenberg SA. DeVita, Hellman, and Rosenberg’s Cancer: 
Principles & Practice of Oncology. Ninth, North American Edition. 2011.

186. Early Breast Cancer Trialists’ Collaborative Group. Relevance of breast cancer hor-
mone receptors and other factors to the effi  cacy of adjuvant tamoxifen: patient-level 
meta-analysis of randomised trials. Lancet. 2011;378(9793):771–784.

187. Fisher B, Dignam J, Bryant J, et al. Five versus more than fi ve years of tamoxifen therapy 
for breast cancer patients with negative lymph nodes and estrogen receptor-positive 
tumors. J Natl Cancer Inst. 1996;88(21):1529–1542.

188. Fisher B, Dignam J, Bryant J, Wolmark N. Five versus more than fi ve years of tamox-
ifen for lymph node-negative breast cancer: updated fi ndings from the National Sur-
gical Adjuvant Breast and Bowel Project B-14 randomized trial. J Natl Cancer Inst. 
2001;93(9):684–690.

189. Davies C, Pan H, Godwin J, et al. Long-term eff ects of continuing adjuvant tamoxifen to 
10 years versus stopping at 5 years aft er diagnosis of oestrogen receptor-positive breast 
cancer: ATLAS, a randomised trial. Lancet. 2013;381(9869):805–816.

190. Gray RG, Rea D, Handley K, et al. aTTom: Long-term eff ects of continuing adjuvant 
tamoxifen to 10 years versus stopping at 5 years in 6,953 women with early breast can-
cer. J Clin Oncol. 2013;31(18)(suppl):Abstract 5.

191. Early Breast Cancer Trialists’ Collaborative Group. Aromatase inhibitors versus tamox-
ifen in early breast cancer: patient-level meta-analysis of the randomised trials. Lancet. 
2015;386(10001):1341–1352.

192. Baum M, Budzar A, Cuzick J, et al. ATAC Trialists’ Group. Anastrozole alone or in 
combination with tamoxifen versus tamoxifen alone for adjuvant treatment of post-
menopausal women with early breast cancer: fi rst results of the ATAC randomised trial. 
Lancet. 2002;359(9324):2131–2139.

193. Cuzick J, Sestak I, Baum M, et al. Eff ect of anastrozole and tamoxifen as adjuvant treat-
ment for early-stage breast cancer: 10-year analysis of the ATAC trial. Lancet Oncol. 
2010;11(12):1135–1141.

194. Breast International Group (BIG) 1-98 Collaborative Group; Th urlimann B, Keshaviah 
A, Coates AS, et al. A comparison of letrozole and tamoxifen in postmenopausal women 
with early breast cancer. N Engl J Med. 2005;353(26):2747–2757.

195. BIG 1-98 Collaborative Group; Mouridsen H, Giobbie-Hurder A, Goldhirsch A, et al. 
Letrozole therapy alone or in sequence with tamoxifen in women with breast cancer. 
N Engl J Med. 2009;361(8):766–776.

196. Van de Velde CJ, Rea D, Seynaeve C, et al. Adjuvant tamoxifen and exemestane in early 
breast cancer (TEAM): a randomised phase 3 trial. Lancet. 2011;377(9762):321–331.



www.manaraa.com

164 HANDBOOK OF BREAST CANCER AND RELATED BREAST DISEASE

197. Coombes RC, Hall E, Gibson LJ, et al. A randomized trial of exemestane aft er two to 
three years of tamoxifen therapy in postmenopausal women with primary breast can-
cer. N Engl J Med. 2004;350(11):1081–1092.

198. Coombes R, Kilburn L, Snowdon C, et al. Survival and safety of exemestane versus 
tamoxifen aft er 2–3 years’ tamoxifen treatment (Intergroup Exemestane Study): a ran-
domised controlled trial. Lancet. 2007;369(9561):559–570.

199. Goss PE, Ingle JN, Martino S, et al. Randomized trial of letrozole following tamoxifen 
as extended adjuvant therapy in receptor-positive breast cancer: updated fi ndings from 
NCIC CTG MA.17. J Natl Cancer Inst. 2005;97(17):1262–1271.

200. Goss PE, Ingle JN, Martino S, et al. Effi  cacy of letrozole extended adjuvant therapy 
according to estrogen receptor and progesterone receptor status of the primary tumor: 
National Cancer Institute of Canada Clinical Trials Group MA.17. J Clin Oncol. 
2007;25(15):2006–2011.

201. Jin H, Tu D, Zhao N, et al. Longer-term outcomes of letrozole versus placebo aft er 5 
years of tamoxifen in the NCIC CTG MA.17 trial: analyses adjusting for treatment 
crossover. J Clin Oncol. 2012;30(7):718–721.

202. Goss PE, Ingle JN, Pater JL, et al. Late extended adjuvant treatment with letrozole 
improves outcome in women with early-stage breast cancer who complete 5 years of 
tamoxifen. J Clin Oncol. 2008;26(12):1948–1955.

203. Mamounas EP, Jeong JH, Wickerham DL, et al. Benefi t from exemestane as extended 
adjuvant therapy aft er 5 years of adjuvant tamoxifen: intention-to-treat analysis 
of the National Surgical Adjuvant Breast and Bowel Project B-33 trial. J Clin Oncol. 
2008;26(12):1965–1971.

204. Goss PE, Ingle JN, Pritchard KI, et al. Extending Aromatase-Inhibitor Adjuvant Th er-
apy to 10 Years. N Engl J Med. 2016;375:209–219. doi:10.1056/NEJMoa1604700

205. Goss PE, Ingle JN, Pritchard KI, et al. Exemestane versus anastrozole in postmeno-
pausal women with early breast cancer: NCIC CTG MA.27—a randomized controlled 
phase III trial. J Clin Oncol. 2013;31(11):1398–1404.

206. O’Shaughnessy J, Yardley D, Burris H, et al. Abstract PD2-01: randomized phase 3 trial 
of adjuvant letrozole versus anastrozole in postmenopausal patients with hormone 
receptor positive, node positive early breast cancer: Final effi  cacy and safety results 
of the femara versus anastrozole clinical evaluation (Face) trial. Cancer Res. 2016;
76(4)(suppl):PD2,01-PD2-01.

207. Francis PA, Regan MM, Fleming GF, et al. Adjuvant ovarian suppression in premeno-
pausal breast cancer. N Engl J Med. 2015;372(5):436–446.

208. Pagani O, Regan MM, Walley BA, et al. Adjuvant exemestane with ovarian suppression 
in premenopausal breast cancer. N Engl J Med. 2014;371(2):107–118.

209. Kaufmann M, Jonat W, Hilfrich J, et al. Improved overall survival in postmenopau-
sal women with early breast cancer aft er anastrozole initiated aft er treatment with 
tamoxifen compared with continued tamoxifen: the ARNO 95 Study. J Clin Oncol. 
2007;25(19):2664–2670.

210. Jakesz R, Gnant M, Griel R, et al. Tamoxifen and anastrozole as a sequencing strat-
egy in postmenopausal women with hormone-responsive early breast cancer: updated 
data from the Austrian breast and colorectal cancer study group trial 8. Cancer Res. 
2009;69(2)(suppl):14.

211. Boccardo F, Rubagotti A, Puntoni M, et al. Switching to anastrozole versus continued 
tamoxifen treatment of early breast cancer: preliminary results of the Italian Tamoxifen 
Anastrozole Trial. J Clin Oncol. 2005;23(22):5138–5147.



www.manaraa.com

5. EARLY-STAGE INVASIVE BREAST CANCER 165

212. Jakesz R, Jonat W, Gnant M, et al. Switching of postmenopausal women with endo-
crine-responsive early breast cancer to anastrozole aft er 2 years’ adjuvant tamox-
ifen: combined results of ABCSG trial 8 and ARNO 95 trial. Lancet. 2005;366(9484):
455–462.

213. Jakesz R, Greil R, Gnant M, et al. Extended adjuvant therapy with anastrozole among 
postmenopausal breast cancer patients: results from the randomized Austrian Breast 
and Colorectal Cancer Study Group Trial 6a. J Natl Cancer Inst. 2007;99(24):1845–1853.

214. Saphner T, Tormey DC, Gray R. Annual hazard rates of recurrence for breast cancer 
aft er primary therapy. J Clin Oncol. 1996;14(10):2738–2746.

215. Piccart M, Rutgers E, van’ t Veer L, et al. Primary analysis of the EORTC 10041/ BIG 
3-04 MINDACT study: a prospective, randomized study evaluating the clinical utility 
of the 70-gene signature (MammaPrint) combined with common clinical-pathological 
criteria for selection of patients for adjuvant chemotherapy in breast cancer with 0 to 3 
positive nodes [abstract]. In: Proceedings of the 107th Annual Meeting of the American 
Association for Cancer Research; April 16–20, 2016; New Orleans, LA. Philadelphia, 
PA: AACR; Cancer Res. 2016;76(14)(suppl):Abstract nr CT039.

216. Sparano JA, Gray RJ, Makower DF, et al. Prospective validation of a 21-gene expression 
assay in breast cancer. N Engl J Med. 2015;373(21):2005–2014.

217. Fan C, Oh DS, Wessels L, et al. Concordance among gene-expression–based predictors 
for breast cancer. N Engl J Med. 2006;355(6):560–569.

218. Paik S, Tang G, Shak S, et al. Gene expression and benefi t of chemotherapy in women 
with node-negative, estrogen receptor–positive breast cancer. J Clin Oncol. 2006;24(23):
3726–3734.

219. Paik S, Shak S, Tang G, et al. A multigene assay to predict recurrence of tamox-
ifen-treated, node-negative breast cancer. N Engl J Med. 2004;351(27):2817–2826.

220. Goldstein LJ, Gray R, Badve S, et al. Prognostic utility of the 21-gene assay in hormone 
receptor-positive operable breast cancer compared with classical clinicopathologic fea-
tures. J Clin Oncol. 2008;26(25):4063–4071.

221. Albain KS, Barlow WE, Shak S, et al. Prognostic and predictive value of the 21-gene 
recurrence score assay in postmenopausal women with node-positive, oestrogen- 
receptor-positive breast cancer on chemotherapy: a retrospective analysis of a ran-
domised trial. Lancet Oncol. 2010;11(1):55–65.

222. National Cancer Institute. Hormone therapy with or without combination chemother-
apy in treating women who have undergone surgery for node-negative breast cancer 
(Th e TAILORx Trial). ClinicalTrials.gov [Internet]. Bethesda, MD: National Library of 
Medicine (US); 2000. https://clinicaltrials.gov/show/NCT00310180

223. Van De Vijver MJ, He YD, van’t Veer LJ, et al. A gene-expression signature as a predictor 
of survival in breast cancer. N Engl J Med. 2002;347(25):1999–2009.

224. Delahaye LJM, Wehkamp D, Floore AN, et al. Performance characteristics of the Mam-
maPrint breast cancer diagnostic gene signature. Personalized Medicine. http://www.
agendia.com/performance-characteristics-of-the-mammaprint-breast-cancer-diag-
nostic-gene-signature

225. Drukker CA, Bueno-de-Mesquita J, Retèl VP, et al. A prospective evaluation of a 
breast cancer prognosis signature in the observational RASTER study. Int J Cancer. 
2013;133(4):929–936.

226. Buyse M, Loi S, van’t Veer L, et al. Validation and clinical utility of a 70-gene prognostic 
signature for women with node-negative breast cancer. J Natl Cancer Inst. 2006;98(17):
1183–1192.

https://clinicaltrials.gov/show/NCT00310180
http://www.agendia.com/performance-characteristics-of-the-mammaprint-breast-cancer-diagnostic-gene-signature
http://www.agendia.com/performance-characteristics-of-the-mammaprint-breast-cancer-diagnostic-gene-signature
http://www.agendia.com/performance-characteristics-of-the-mammaprint-breast-cancer-diagnostic-gene-signature
http://ClinicalTrials.gov


www.manaraa.com

166 HANDBOOK OF BREAST CANCER AND RELATED BREAST DISEASE

227. Cardoso F, van’t Veer LJ, Bogaerts J, et al. 70-gene signature as an aid to treatment deci-
sions in early-stage breast cancer. N Engl J Med. 2016;375(8):717–729.

228. Early Breast Cancer Trialists’ Collaborative Group; Peto R, Davies C, Godwin J, 
et al. Comparisons between diff erent polychemotherapy regimens for early breast 
cancer: meta-analyses of long-term outcome among 100,000 women in 123 ran-
domised trials. Lancet. 2012;379(9814):432–444. http://dx.doi.org/10.1016/s0140-
6736(11)61625-5

229. Bonadonna G, Brusamolino E, Valagussa P, et al. Combination chemotherapy as an 
adjuvant treatment in operable breast cancer. N Engl J Med. 1976;294(8):405–410.

230. Tancini G, Bonadonna G, Valagussa P, et al. Adjuvant CMF in breast cancer: compara-
tive 5-year results of 12 versus 6 cycles. J Clin Oncol. 1983;1(1):2–10.

231. Tan C, Etcubanas E, Wollner N, et al. Adriamycin? An antitumor antibiotic in the treat-
ment of neoplastic diseases. Cancer. 1973;32(1):9–17.

232. Brambilla C, Valagussa P, Bonadonna G. Sequential combination chemotherapy in 
advanced breast cancer. Cancer Chemother Pharmacol. 1978;1(1):35–39.

233. Fisher B, Brown AM, Dimitrov NV, et al. Two months of doxorubicin-cyclophospha-
mide with and without interval reinduction therapy compared with 6 months of cyclo-
phosphamide, methotrexate, and fl uorouracil in positive-node breast cancer patients 
with tamoxifen-nonresponsive tumors: results from the National Surgical Adjuvant 
Breast and Bowel Project B-15. J Clin Oncol. 1990;8(9):1483–1496.

234. Wani M, Taylor H, Wall M, et al. Plant antitumor agents. VI. Th e isolation and structure 
of taxol, a novel antileukemic and antitumor agent from Taxus brevifolia. J Am Chem 
Soc. 1971;96:2325–2327.

235. Henderson IC, Berry DA, Demetri GD, et al. Improved outcomes from adding 
sequential paclitaxel but not from escalating doxorubicin dose in an adjuvant chemo-
therapy regimen for patients with node-positive primary breast cancer. J Clin Oncol. 
2003;21(6):976–983.

236. Sparano J. Doxorubicin/taxane combinations: cardiac toxicity and pharmacokinetics. 
Semin Oncol. 1999;26(3):14–19.

237. Jones S, Holmes FA, O’Shaughnessy J, et al. Docetaxel with cyclophosphamide is 
associated with an overall survival benefi t compared with doxorubicin and cyclo-
phosphamide: 7-year follow-up of US oncology research trial 9735. J Clin Oncol. 
2009;27(8):1177–1183.

238. Martin M, Pienkowski T, Mackey J, et al. Adjuvant docetaxel for node-positive breast 
cancer. N Engl J Med. 2005;352(22):2302–2313.

239. Mackey JR, Martin M, et al. Adjuvant docetaxel, doxorubicin, and cyclophosphamide in 
node-positive breast cancer: 10-year follow-up of the phase 3 randomised BCIRG 001 
trial. Lancet Oncol. 2013;14(1):72–80.

240. Nabholtz J, Pienkowski T, Mackey J, et al. Phase III trial comparing TAC (docetaxel, 
doxorubicin, cyclophosphamide) with FAC (5-fl uorouracil, doxorubicin, cyclophos-
phamide) in the adjuvant treatment of node positive breast cancer (BC) patients: 
interim analysis of the BCIRG 001 study. Proc Am Soc Clin Oncol. 2002;21:141.

241. Eiermann W, Pienkowski T, Crown J, et al. Phase III study of doxorubicin/cyclo-
phosphamide with concomitant versus sequential docetaxel as adjuvant treatment in 
patients with human epidermal growth factor receptor 2–normal, node-positive breast 
cancer: BCIRG-005 trial. J Clin Oncol. 2011;29(29):3877–3884.

http://dx.doi.org/10.1016/s0140-6736(11)61625-5
http://dx.doi.org/10.1016/s0140-6736(11)61625-5


www.manaraa.com

5. EARLY-STAGE INVASIVE BREAST CANCER 167

242. Norton L. Adjuvant breast cancer therapy: current status and future strategies—growth 
kinetics and the improved drug therapy of breast cancer. Semin Oncol. 1999;26(1):1–4.

243. Citron ML, Berry DA, Cirrincione C, et al. Randomized trial of dose-dense versus 
conventionally scheduled and sequential versus concurrent combination chemother-
apy as postoperative adjuvant treatment of node-positive primary breast cancer: First 
report of intergroup trial C9741/cancer and leukemia Group B trial 9741. J Clin Oncol. 
2003;21(8):1431–1439.

244. Sparano JA, Wang M, Martino S, et al. Weekly paclitaxel in the adjuvant treatment of 
breast cancer. N Engl J Med. 2008;358(16):1663–1671.

245. Budd GT, Barlow WE, Moore HCF, et al. SWOG S0221: a Phase III trial compar-
ing chemotherapy schedules in high-risk early-stage breast cancer. J Clin Oncol. 
2015;33(1):58–64.

246. Herceptin [package insert]. San Franscisco, CA: Genetech; 2016.
247. Gonzalez-Angulo AM, Litton JK, Broglio KR, et al. High risk of recurrence for patients 

with breast cancer who have human epidermal growth factor receptor 2–positive, 
node-negative tumors 1 cm or smaller. J Clin Oncol. 2009;27(34):5700–5706.

248. Chia S, Norris B, Speers C, et al. Human epidermal growth factor receptor 2 overexpres-
sion as a prognostic factor in a large tissue microarray series of node-negative breast 
cancers. J Clin Oncol. 2008;26(35):5697–5704.

249. Moja L, Tagliabue L, Balduzzi S, et al. Trastuzumab containing regimens for early breast 
cancer. Cochrane Database Syst Rev. 2012;(4):CD006243.

250. Smith I, Procter M, Gelber RD, et al. 2-year follow-up of trastuzumab aft er adjuvant 
chemotherapy in HER2-positive breast cancer: a randomised controlled trial. Lancet. 
2007;369(9555):29–36.

251. Goldhirsch A, Gelber RD, Piccart-Gebhart MJ, et al. 2 years versus 1 year of adjuvant 
trastuzumab for HER2-positive breast cancer (HERA): an open-label, randomised con-
trolled trial. Lancet. 2013;382(9897):1021–1028.

252. Pivot X, Romieu G, Debled M, et al. 6 months versus 12 months of adjuvant trastu-
zumab for patients with HER2-positive early breast cancer (PHARE): a randomised 
phase 3 trial. Lancet Oncol. 2013;14(8):741–748.

253. Kramar A, Bachelot T, Madrange N, et al. Trastuzumab duration eff ects within patient 
prognostic subgroups in the PHARE trial. Ann Oncol [Internet]. 2014;25(8):1563–1570. 
doi:10.1093/annonc/mdu177

254. Perez EA, Romond EH, Suman VJ, et al. Trastuzumab plus adjuvant chemotherapy 
for human epidermal growth factor receptor 2-positive breast cancer: planned joint 
analysis of overall survival from NSABP B-31 and NCCTG N9831. J Clin Oncol. 
2014;32(33):3744–3752.

255. Slamon D, Eiermann W, Robert N, et al. Adjuvant trastuzumab in HER2-positive breast 
cancer. N Engl J Med. 2011;365(14):1273–1283.

256. Slamon DJ, Eiermann W, Robert NJ, et al. Ten-year follow-up of BCIRG-006 compar-
ing doxorubicin plus cyclophosphamide followed by docetaxel with doxorubicin plus 
cyclophosphamide followed by docetaxel and trastuzumab with docetaxel, carbopla-
tin and trastuzumab in HER2-positive early breast cancer patients. 2015 San Antonio 
Breast Cancer Symposium. December 11, 2015; Abstract S5–04.

257. Tolaney SM, Barry WT, Dang CT, et al. Adjuvant paclitaxel and trastuzumab for 
node-negative, HER2-positive breast cancer. N Engl J Med. 2015;372(2):134–141.



www.manaraa.com

168 HANDBOOK OF BREAST CANCER AND RELATED BREAST DISEASE

258. Perjeta Prescribing Highlights [package insert]. San Francisco, CA: Genetech; 2016.
259. Goss PE, Smith IE, O’Shaughnessy J, et al. Adjuvant lapatinib for women with 

 early-stage HER2-positive breast cancer: a randomised, controlled, phase 3 trial. Lancet 
Oncol. 2013;14(1):88–96.

260. Piccart-Gebhart M, Holmes E, Baselga J, et al. Adjuvant lapatinib and trastuzumab for 
early human epidermal growth factor receptor 2-positive breast cancer: results from the 
randomized Phase III adjuvant lapatinib and/or trastuzumab treatment optimization 
trial. J Clin Oncol. 2016;34(10):1034–1042.

261. Chan A, Delaloge S, Holmes FA, et al. Neratinib aft er adjuvant chemotherapy and tras-
tuzumab in HER2-positive early breast cancer: Primary analysis at 2 years of a phase 3, 
randomized, placebo-controlled trial (ExteNET). J Clin Oncol. 2015;33:508.

262. Tryfonidis K, Zardavas D, Cardoso F. Small breast cancers: when and how to treat. 
 Cancer Treat Rev. 2014;40(10):1129–1136.

263. Cancello G, Maisonneuve P, Rotmensz N, et al. Prognosis in women with small 
(T1mic,T1a,T1b) node-negative operable breast cancer by immunohistochemically 
selected subtypes. Breast Cancer Res Treat. 2011;127(3):713–720.

264. Th eriault RL, Litton JK, Mittendorf EA, et al. Age and survival estimates in patients who 
have node-negative t1ab breast cancer by breast cancer subtype. Clin Breast Cancer. 
2011;11(5):325–331.

265. Berry D, Cirrincione C, Henderson C, et al. Estrogen-receptor status and outcomes 
of modern chemotherapy for patients with node-positive breast cancer. JAMA. 
2006;295(14):1658–1667.

Neoadjuvant Treatment Approaches
266. Wolmark N, Wang J, Mamounas E, et al. Preoperative chemotherapy in patients with 

operable breast cancer: nine-year results from National Surgical Adjuvant Breast and 
Bowel Project B-18. J Natl Cancer Inst Monogr. 2001;30:96–102.

267. van der Hage JA, van de Velde CJ, Julien JP, et al. Preoperative chemotherapy in primary 
operable breast cancer: results from the European Organization for Research and Treat-
ment of Cancer trial 10902. J Clin Oncol. 2001;19(22):4224–4237.

268. von Minckwitz G, Untch M, Blohmer J, et al. Defi nition and impact of pathologic com-
plete response on prognosis aft er neoadjuvant chemotherapy in various intrinsic breast 
cancer subtypes. J Clin Oncol. 2012;30(15):1796–1804.

269. Esserman LJ, Berry DA, DeMichele A, et al. Pathologic complete response predicts 
recurrence-free survival more eff ectively by cancer subset: results from the I-SPY 
1 TRIAL—CALGB 150007/150012, ACRIN 6657. J Clin Oncol. 2012;30(26):3242–
3249.

270. Cortazar P, Zhang L, Untch M, et al. Pathological complete response and long-term 
 clinical benefi t in breast cancer: the CTNeoBC pooled analysis. Lancet. 2014;384(9938):
164–172.

271. Rouzier R, Perou CM, Symmans WF, et al. Breast cancer molecular subtypes respond 
diff erently to preoperative chemotherapy. Clin Cancer Res. 2005;11(16):5678–5685.

272. Sikov W, Berry D, Perou C, et al. Event-free and overall survival following neoadju-
vant weekly paclitaxel and dose-dense AC/carboplatin and/or bevacizumab in triple- 
negative breast cancer: outcomes from CALGB 40603 (Alliance). San Antonio Breast 
Cancer Symposium. December 8–12, 2015; San Antonio, TX. doi:10.1158/1538-7445.
SABCS15-S2-05



www.manaraa.com

5. EARLY-STAGE INVASIVE BREAST CANCER 169

273. von Minckwitz G, Schneeweiss A, Loibl S, et al. Neoadjuvant carboplatin in patients 
with triple-negative and HER2-positive early breast cancer (GeparSixto; GBG 66): a 
randomised phase 2 trial. Lancet Oncol. 2014;15(7):747–756.

274. Sikov WM, Berry DA, Perou CM, et al. Impact of the addition of carboplatin and/or 
bevacizumab to neoadjuvant once-per-week paclitaxel followed by dose-dense doxo-
rubicin and cyclophosphamide on pathologic complete response rates in stage II to III 
triple-negative breast cancer: CALGB 40603 (Alliance). J Clin Oncol. 2015;33(1):13–21.

275. Gianni L, Pienkowski T, Im Y, et al. Effi  cacy and safety of neoadjuvant pertuzumab and 
trastuzumab in women with locally advanced, infl ammatory, or early HER2-positive 
breast cancer (NeoSphere): a randomised multicentre, open-label, phase 2 trial. Lancet 
Oncology. 2012;13(1):25–32.

276. Schneeweiss A, Chia S, Hickish T, et al. Pertuzumab plus trastuzumab in combination 
with standard neoadjuvant anthracycline-containing and anthracycline-free chemo-
therapy regimens in patients with HER2-positive early breast cancer: a randomized 
phase II cardiac safety study (TRYPHAENA). Ann Oncol. 2013;24(9):2278–2284.

277. Gianni L, Eiermann W, Semiglazov V, et al. Neoadjuvant chemotherapy with trastuzumab 
followed by adjuvant trastuzumab versus neoadjuvant chemotherapy alone, in patients with 
HER2-positive locally advanced breast cancer (the NOAH trial): a randomised controlled 
superiority trial with a parallel HER2-negative cohort. Lancet. 2010;375(9712):377–384.

278. Gianni L, Eiermann W, Semiglazov V, et al. Neoadjuvant and adjuvant trastuzumab in 
patients with HER2-positive locally advanced breast cancer (NOAH): follow-up of a 
randomised controlled superiority trial with a parallel HER2-negative cohort. Lancet 
Oncol. 2014;15(6):640–647.

279. Untch M, Loibl S, Bischoff  J, et al. Lapatinib versus trastuzumab in combination with 
neoadjuvant anthracycline-taxane-based chemotherapy (GeparQuinto, GBG 44): a 
randomised phase 3 trial. Lancet Oncol. 2012;13(2):135–144.

280. Baselga J, Bradbury I, Eidtmann H, et al. Lapatinib with trastuzumab for HER2-positive 
early breast cancer (NeoALTTO): a randomised, open-label, multicentre, phase 3 trial. 
Lancet. 2012;379(9816):633–640.

281. Guarneri V, Frassoldati A, Bottini A, et al. Preoperative chemotherapy plus trastu-
zumab, lapatinib, or both in human epidermal growth factor receptor 2-positive oper-
able breast cancer: results of the randomized phase II CHER-LOB study. J Clin Oncol. 
2012;30(16):1989–1995.

282. Robidoux A, Tang G, Rastogi P, et al. Lapatinib as a component of neoadjuvant therapy 
for HER2-positive operable breast cancer (NSABP protocol B-41): an open-label, ran-
domised phase 3 trial. Lancet Oncol. 2013;14(12):1183–1192.

283. Harbeck N, Gluz O, Christgen M, et al. Effi  cacy of 12-weeks of neoadjuvant TDM1 with 
or without endocrine therapy in HER2-positive hormone-receptor-positive early breast 
cancer: WSG-ADAPT HER2 /HR phase II trial. J Clin Oncol. 2015;33:506.

284. Gazet J, Ford H, Bland J, et al. Prospective randomised trial of tamoxifen versus surgery 
in elderly patients with breast cancer. Lancet. 1988;331(8587):679–681.

285. Robertson J, Ellis I, Elston C, Blamey R. Mastectomy or tamoxifen as initial ther-
apy for operable breast cancer in elderly patients: 5-year follow-up. Eur J Cancer. 
1992;28(4):908–910.

286. Mustacchi G, Milani S, Pluchinotta A, et al. Tamoxifen or surgery plus tamoxifen as primary 
treatment for elderly patients with operable breast cancer: Th e G.R.E.T.A. Trial. Group for 
Research on Endocrine Th erapy in the Elderly. Anticancer Res. 1994;14(5B):2197–2200.



www.manaraa.com

170 HANDBOOK OF BREAST CANCER AND RELATED BREAST DISEASE

287. Bates T, Riley D, Houghton J, et al. Breast cancer in elderly women: a Cancer Research 
Campaign trial comparing treatment with tamoxifen and optimal surgery with tamox-
ifen alone. Br J Surg. 1991;78(5):591–594.

288. Hind D, Wyld L, Beverley C, Reed MW. Surgery versus primary endocrine therapy for 
operable primary breast cancer in elderly women (70 years plus). Cochrane Database 
Syst Rev. 2006;1(1).

289. Bergman L, Van Dongen J, Van Ooijen B, Van Leeuwen F. Should tamoxifen be a pri-
mary treatment choice for elderly breast cancer patients with locoregional disease? 
Breast Cancer Res Treat. 1995;34(1):77–83.

290. Preece PE, Wood RA, Mackie CR, Cuschieri A. Tamoxifen as initial sole treatment 
of localised breast cancer in elderly women: a pilot study. Br Med J (Clin Res Ed). 
1982;284(6319):869–870.

291. Semiglazov VF, Semiglazov VV, Dashyan GA, et al. Phase 2 randomized trial of pri-
mary endocrine therapy versus chemotherapy in postmenopausal patients with estro-
gen receptor-positive breast cancer. Cancer. 2007;110(2):244–254.

292. Alba E, Calvo L, Albanell J, et al. Chemotherapy (CT) versus hormone therapy (HT) as 
neoadjuvant treatment in luminal breast cancer: a multicenter, randomized phase II study 
(GEICAM/2006-03). Ann Oncol. 2012; doi:10.1093/annonc/mds132

293. Eiermann W, Paepke S, Appfelstaedt J, et al. Preoperative treatment of postmenopau-
sal breast cancer patients with letrozole: a randomized double-blind multicenter study. 
Ann Oncol. 2001;12(11):1527–1532.

294. Smith IE, Dowsett M, Ebbs SR, et al. Neoadjuvant treatment of postmenopausal breast 
cancer with anastrozole, tamoxifen, or both in combination: the Immediate Preoper-
ative Anastrozole, Tamoxifen, or Combined with Tamoxifen (IMPACT) multicenter 
double-blind randomized trial. J Clin Oncol. 2005;23(22):5108–5116.

295. Dowsett M, Smith IE, Ebbs SR, et al. Prognostic value of Ki67 expression aft er short-
term presurgical endocrine therapy for primary breast cancer. J Natl Cancer Inst. 
2007;99(2):167–170.

296. Cataliotti L, Buzdar AU, Noguchi S, et al. Comparison of anastrozole versus tamoxifen 
as preoperative therapy in postmenopausal women with hormone receptor-positive 
breast cancer. Cancer. 2006;106(10):2095–2103.

297. Seo JH, Kim YH, Kim JS. Meta-analysis of pre-operative aromatase inhibitor versus 
tamoxifen in postmenopausal woman with hormone receptor-positive breast cancer. 
Cancer Chemother Pharmacol. 2009;63(2):261–266.

298. Ellis MJ, Suman VJ, Hoog J, et al. Randomized phase II neoadjuvant comparison 
between letrozole, anastrozole, and exemestane for postmenopausal women with estro-
gen receptor-rich stage 2 to 3 breast cancer: clinical and biomarker outcomes and pre-
dictive value of the baseline PAM50-based intrinsic subtype—ACOSOG Z1031. J Clin 
Oncol. 2011;29(17):2342–2349.

299. Llombart-Cussac A, Guerrero Á, Galán A, et al. Phase II trial with letrozole to maxi-
mum response as primary systemic therapy in postmenopausal patients with ER/PgR 
[+] operable breast cancer. Clin Transl Oncol. 2012;14(2):125–131.

300. Dixon JM, Renshaw L, Macaskill EJ, et al. Increase in response rate by prolonged 
 treatment with neoadjuvant letrozole. Breast Cancer Res Treat. 2009;113(1):145–
151.

301. Ellis MJ, Ma C. Letrozole in the neoadjuvant setting: the P024 trial. Breast Cancer Res 
Treat. 2007;105(1):33–43.



www.manaraa.com

5. EARLY-STAGE INVASIVE BREAST CANCER 171

302. Ellis MJ, Tao Y, Luo J, et al. Outcome prediction for estrogen receptor-positive breast 
cancer based on postneoadjuvant endocrine therapy tumor characteristics. J Natl 
 Cancer Inst. 2008;100(19):1380–1388.

303. Fisher B, Bryant J, Wolmark N, et al. Eff ect of preoperative chemotherapy on the out-
come of women with operable breast cancer. J Clin Oncol. 1998;16(8):2672–2685.

304. Ueno NT, Buzdar AU, Singletary SE, et al. Combined-modality treatment of infl amma-
tory breast carcinoma: twenty years of experience at M. D. Anderson Cancer Center. 
Cancer Chemother Pharmacol. 1997;40(4):321–329.

305. Cristofanilli M, Buzdar AU, Sneige N, et al. Paclitaxel in the multimodality treatment 
for infl ammatory breast carcinoma. Cancer. 2001;92(7):1775–1782.

306. Harris EE, Schultz D, Bertsch H, et al. Ten-year outcome aft er combined modality ther-
apy for infl ammatory breast cancer. Int J Radiat Oncol Biol Phys. 2003;55(5):1200–1208.

307. Baldini E, Gardin G, Evagelista G, et al. Long-term results of combined-modality 
 therapy for infl ammatory breast carcinoma. Clin Breast Cancer. 2004;5(5):358–363.

308. Cristofanilli M, Gonzalez-Angulo AM, Buzdar AU, et al. Paclitaxel improves the prog-
nosis in estrogen receptor negative infl ammatory breast cancer: the M. D. Anderson 
Cancer Center experience. Clin Breast Cancer. 2004;4(6):415–419.

309. Hennessy BT, Gonzalez-Angulo AM, Hortobagyi GN, et al. Disease-free and overall 
survival aft er pathologic complete disease remission of cytologically proven infl amma-
tory breast carcinoma axillary lymph node metastases aft er primary systemic chemo-
therapy. Cancer. 2006;106(5):1000–1006.

310. Mamounas EP, Brown A, Anderson S, et al. Sentinel node biopsy aft er neoadjuvant 
chemotherapy in breast cancer: results from National Surgical Adjuvant Breast and 
Bowel Project Protocol B-27. J Clin Oncol. 2005;23(12):2694–2702.

311. Rastogi P, Anderson SJ, Bear HD, et al. Preoperative chemotherapy: updates of National 
Surgical Adjuvant Breast and Bowel Project Protocols B-18 and B-27. J Clin Oncol. 
2008;26(5):778–785.

312. Hunt KK, Yi M, Mittendorf EA, et al. Sentinel lymph node surgery aft er neoadjuvant 
chemotherapy is accurate and reduces the need for axillary dissection in breast cancer 
patients. Ann Surg. 2009;250(4):558–566.

313. Takahashi M, Jinno H, Hayashida T, et al. Correlation between clinical nodal status and 
sentinel lymph node biopsy false negative rate aft er neoadjuvant chemotherapy. World 
J Surg. 2012;36(12):2847–2852.

314. Kuehn T, Bauerfeind I, Fehm T, et al. Sentinel-lymph-node biopsy in patients with 
breast cancer before and aft er neoadjuvant chemotherapy (SENTINA): a prospective, 
multicentre cohort study. Lancet Oncol. 2013;14(7):609–618.

315. Kuehn T, Vogl FD, Helms G, et al. Sentinel-node biopsy for axillary staging in breast 
cancer: results from a large prospective German multi-institutional trial. Eur J Surg 
Oncol. 2004;30(3):252–259.

316. Kim T, Giuliano AE, Lyman GH. Lymphatic mapping and sentinel lymph node biopsy 
in early-stage breast carcinoma: a metaanalysis. Cancer. 2006;106(1):4–16.

317. Le Bouedec G, Geissler B, Gimbergues P, et al. Sentinel lymph node biopsy for breast 
cancer aft er neoadjuvant chemotherapy: infl uence of nodal status before treatment. Bull 
Cancer. 2006;93(4):415–419.

318. Lee S, Kim EY, Kang SH, et al. Sentinel node identifi cation rate, but not accuracy, is sig-
nifi cantly decreased aft er pre-operative chemotherapy in axillary node-positive breast 
cancer patients. Breast Cancer Res Treat. 2007;102(3):283–288.



www.manaraa.com

172 HANDBOOK OF BREAST CANCER AND RELATED BREAST DISEASE

319. Newman EA, Sabel MS, Nees AV, et al. Sentinel lymph node biopsy performed aft er 
neoadjuvant chemotherapy is accurate in patients with documented node-positive 
breast cancer at presentation. Ann Surg Oncol. 2007;14(10):2946–2952.

320. Shen J, Gilcrease MZ, Babiera GV, et al. Feasibility and accuracy of sentinel lymph node 
biopsy aft er preoperative chemotherapy in breast cancer patients with documented 
axillary metastases. Cancer. 2007;109(7):1255–1263.

321. Boughey JC, Suman VJ, Mittendorf EA, et al. Sentinel lymph node surgery aft er neoad-
juvant chemotherapy in patients with node-positive breast cancer: the ACOSOG Z1071 
(Alliance) clinical trial. JAMA. 2013;310(14):1455–1461.

322. Boughey JC, Ballman KV, Le-Petross HT, et al. Identifi cation and resection of clipped 
node decreases the false-negative rate of sentinel lymph node surgery in patients present-
ing with node-positive breast cancer (T0-T4, N1-N2) who receive neoadjuvant chemo-
therapy: results from ACOSOG Z1071 (Alliance). Ann Surg. 2016 Apr;263(4):802–807. 
doi:10.1097/SLA.0000000000001375

323. Caudle AS, Yang WT, Krishnamurthy S, et al. Improved axillary evaluation following 
neoadjuvant therapy for patients with node-positive breast cancer using selective eval-
uation of clipped nodes: implementation of targeted axillary dissection. J Clin Oncol. 
2016 Apr;34(10):1072–1078. doi:10.1200/JCO.2015.64.0094

324. Buchholz TA, Lehman CD, Harris JR, et al. Statement of the science concern-
ing locoregional treatments aft er preoperative chemotherapy for breast cancer: a 
National Cancer Institute conference. J Clin Oncol. 2008;26(5):791–797. doi:10.1200/
JCO.2007.15.0326

325. Garg AK, Buchholz TA. Infl uence of neoadjuvant chemotherapy on radiotherapy 
for breast cancer. Ann Surg Oncol. 2015;22(5):1434–1440. doi:10.1245/s10434-015
-4402-x

326. Buchholz TA, Katz A, Strom EA, et al. Pathologic tumor size and lymph node status 
predict for diff erent rates of locoregional recurrence aft er mastectomy for breast cancer 
patients treated with neoadjuvant versus adjuvant chemotherapy. Int J Radiat Oncol Biol 
Phys. 2002;53(4):880–888.

327. Huang EH, Strom EA, Perkins GH, et al. Comparison of risk of local-regional recur-
rence aft er mastectomy or breast conservation therapy for patients treated with neoad-
juvant chemotherapy and radiation stratifi ed according to a prognostic index score. Int 
J Radiat Oncol Biol Phys. 2006;66(2):352–357.

328. Garg AK, Oh JL, Oswald MJ, et al. Eff ect of postmastectomy radiotherapy in patients 
<35 years old with stage II-III breast cancer treated with doxorubicin-based neoad-
juvant chemotherapy and mastectomy. Int J Radiat Oncol Biol Phys. 2007;69(5):1478–
1483.

329. Shim SJ, Park W, Huh SJ, et al. Th e role of postmastectomy radiation therapy aft er 
neoadjuvant chemotherapy in clinical stage II-III breast cancer patients with pN0: 
a multicenter, retrospective study (KROG 12-05). Int J Radiat Oncol Biol Phys. 
2014;88(1):65–72. doi:10.1016/j.ijrobp.2013.09.021

330. McGuire SE, Gonzalez-Angulo AM, Huang EH, et al. Postmastectomy radiation 
improves the outcome of patients with locally advanced breast cancer who achieve a 
pathologic complete response to neoadjuvant chemotherapy. Int J Radiat Oncol Biol 
Phys. 2007;68(4):1004–1009.



www.manaraa.com

5. EARLY-STAGE INVASIVE BREAST CANCER 173

331. Nagar H, Mittendorf EA, Strom EA, et al. Local-regional recurrence with and without 
radiation therapy aft er neoadjuvant chemotherapy and mastectomy for clinically staged 
T3N0 breast cancer. Int J Radiat Oncol Biol Phys. 2011;81(3):782–787. doi:10.1016/j
.ijrobp.2010.06.027

332. Mamounas EP, Anderson SJ, Dignam JJ, et al. Predictors of locoregional recurrence 
aft er neoadjuvant chemotherapy: results from combined analysis of National Surgical 
Adjuvant Breast and Bowel Project B-18 and B-27. J Clin Oncol. 2012;30(32):3960–
3966. doi:10.1200/JCO.2011.40.8369



www.manaraa.com

6 Metastatic Breast Cancer

Katherine H. R. Tkaczuk, Paula Rosenblatt, Angela DeRidder, Syed S. Mahmood, 
 Reshma L. Mahtani, Geetha Pukazhendhi, Susan B. Kesmodel, Jason Molitoris, 
and Randi Cohen

Despite an increase in detection of early-stage breast cancer over the past 30 years, 
approximately 5% to 10% of patients diagnosed with breast cancer present with de 
novo metastatic disease; in addition, up to 30% of lymph node (LN)-negative and 
70% of LN-positive patients will eventually develop metastases (1,2). Th e primary 
goals of systemic treatment for MBC are palliation of symptoms, maintenance and 
improvement in quality of life, and prolongation of survival. Th ese goals must be 
balanced against toxicities associated with treatment.

Th e 5-year survival of MBC has increased from 5% to 10% in 1990 to 26% 
presently based on Surveillance, Epidemiology, and End Results (SEER) data (3,4). 
In a series from MD Anderson, the median overall survival (OS) for patients with 
de novo stage IV and relapsed disease was 39.2 and 27.2 months, respectively 
(P < .0001) (5). Improved survival among patients with recurrent or newly diag-
nosed metastatic disease has been attributed to more aggressive management and 
the availability of eff ective therapeutics (6,7).

Th is chapter reviews the initial assessment and management of MBC. We 
review hormonal therapy (HT), combination hormonal and targeted therapy, sin-
gle agent chemotherapy, and combination chemotherapy. Finally, while systemic 
therapy is the mainstay of treatment for MBC, there are certain situations in which 
radiation and surgery may play prominently in management for palliation of 
symptoms, maintenance and improvement in quality of life, and prolongation of 
survival. Th ese situations are discussed at the end of the chapter.

INITIAL ASSESSMENT

At the diagnosis of metastatic disease, initial assessment should include:

• Tissue diagnosis of invasive breast cancer with markers (estrogen receptor 
[ER], progesterone receptor [PR], and HER2) is mandatory before systemic 
therapy is considered. We prefer to rebiopsy metastatic sites before fi nal rec-
ommendations are made as a change in receptor status can alter treatment deci-
sions in 20% of cases (8).

• History and physical exam. MBC patients who are being considered for 
systemic chemotherapy should be carefully evaluated in terms of clinical 
symptoms, physical exam (PE), and social support. Th e PE should include 
assessment of vital signs, performance status (PS), and comprehensive clin-
ical exam. Th ese assessments should continue with each  prechemotherapy 
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exam. Low PS is a predictor of poor survival, increased toxicity, and decreased 
chemotherapy response (9).

• Laboratories. Routine prechemotherapy labs should include a complete blood 
count (CBC) and comprehensive metabolic panel (CMP). Tumor markers (CA 
15-3, 27.29) and circulating tumor cells (CTCs) can be considered but should 
never be used as a sole assessment of response to therapy. CTCs have prognostic 
signifi cance (10).

• Imaging. We recommend baseline staging within 4 weeks of initiation of new 
systemic therapy and we do not routinely stage the central nervous system 
(CNS) unless there are specifi c symptoms to suggest CNS involvement. We rec-
ommend to stage with contrast-enhanced CTs of chest/abdomen/pelvis + bone 
scan or fl udeoxyglucose (FDG) PET with diagnostic CTs initially.

• Genomic tumor tissue testing. Genomic tumor tissue testing looks to identify 
what may account for the diff erences in response to treatment and to guide use 
of therapies that target the tumor’s specifi c genes, proteins, or the tissue environ-
ment that contributes to growth and survival. At present, treatments using these 
approaches are still considered investigational and are being examined in multiple 
ongoing clinical trials (NCI-MATCH/EAY131 Trial, NCT02465060). We do not 
routinely send genomic analysis of tumor for newly diagnosed metastatic patients.

Choice of Therapy
Th e choice of treatment for MBC is infl uenced by several factors including hor-
mone receptors, estrogen-ER, progesterone-PR (ER/PR) and HER2-neu status, 
presence of symptoms from disease, presence of visceral crisis, PS, prior receipt of 
adjuvant treatments, number of prior treatments for metastatic disease and pres-
ence of residual side eff ects of therapy, response to prior treatments, duration of 
response, time to treatment failure/ progression, and comorbidities (11). As the 
goal of treatment for MBC is quality of life, if a patient is eligible for HT, this is cho-
sen as fi rst-line treatment. Earlier studies have shown response to HT to be a pre-
dictive factor for rate and duration of response to chemotherapy (12). Patients with 
symptomatic visceral disease (liver, lymphangitic lung, bone marrow) involvement 
should be considered for upfront chemotherapy regardless of ER/PR status, as che-
motherapy is more likely to off er rapid relief of symptoms. Single agent and combi-
nation therapies are discussed in the following.

Follow-Up
Close follow-up is important in all patients with MBC. Patients receiving hormonal/
endocrine therapy (HT) will be seen monthly and then visits spaced depending on 
the pace of their disease. Our approach is to see our MBC patients on chemotherapy 
approximately every 2 to 4 weeks depending on the treatment and schedule. We do not 
see our weekly chemotherapy patients every week, unless toxicities are reported, and 
nursing visits are done in between MD visits. We feel that this schedule of  follow-up 
allows adequate clinical assessments and assessment of toxicity to therapy. A thor-
ough history with assessment for changes in PS, weight loss, fatigue, gastrointestinal 
symptoms, neuropathy, depression, and distress should be performed at each visit. A 
complete PE with specifi c documentation of abnormalities should be completed and 
labs should be monitored for cytopenias, kidney function, and liver function.

https://clinicaltrials.gov/ct2/show/NCT02465060
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Assessment of Response to Therapy

• Imaging should be completed every two to four cycles of chemotherapy in 
the absence of clinical symptoms and signs of progression. We adhere to the 
RECIST 1.1 criteria for assessment of response and changing therapies (13). We 
do not recommend routine imaging with PET/CT scans. While we oft en obtain 
a baseline PET/CT to determine the location of metastatic lesions, we typically 
restage and follow disease status with contrast-enhanced CTs and bone scans.

• Tumor markers (CA15-3 or CA 27.29) are optional in follow-up of patients 
with MBC. We do not recommend any changes to systemic therapy solely based 
on rising or declining levels of these tumor markers. If tumor markers were not 
initially elevated, we do not continue to check routinely.

• CTC enumeration is not routine in our assessment of response to therapy. We 
do utilize CTCs for the purpose of assessment of tissue markers (ER, HER2), 
in particular when tumor tissue may not be available, not accessible for biopsy, 
or in cases of bone only disease when there is a concern about reliability of the 
immunohistochemical (IHC) stains for ER or HER2 aft er bone decalcifi cation.

DURATION OF THERAPY

Th e optimal duration of systemic chemotherapy is unknown and must be indi-
vidualized. Benefi t of therapy must be balanced against the toxicities and eff ects 
on quality of life. Patients with ER/PR+ disease can be switched to maintenance 
HT, while patients with HER2+ disease can continue with anti-HER2 therapies 
+/− HTs without chemotherapy aft er best response is achieved with chemother-
apy. Patients with triple-negative breast cancer may come off  palliative chemo-
therapy and take a “chemotherapy holiday” at the time best response is achieved 
and monitored closely for increased burden of disease and new symptoms. Clini-
cal trials should be considered and discussed with patients early in the treatment 
of MBC.

HORMONE THERAPY FOR METASTATIC BREAST CANCER

Indications for Endocrine (Hormonal) Therapy in MBC
Initial assessment of the patient with ER/PR+ MBC is crucial in determining 
the optimal treatment strategy. Th e landscape of hormonal treatment is vast and 
includes ovarian suppression, selective estrogen receptor modulators (SERMs), 
selective estrogen receptor degrader (SERD), aromatase inhibitors (AI), mamma-
lian target of rapamycin (mTOR) inhibitors, and cyclin-dependent kinase (CDK) 
4/6 inhibitors. Choosing the optimum strategy takes into account menopausal sta-
tus, location and extent of disease, and history of prior adjuvant HT. In the latter 
case, the duration of disease-free or treatment-free interval is relevant and may 
infl uence the choice of the next hormonal agents or transition to chemotherapy, 
as possible resistance mechanisms or primary or secondary hormone insensitivity 
need to be considered if the patient is not responding to HT.

Th e former approach that all visceral disease in MBC requires upfront che-
motherapy treatment is no longer supported for clinical practice unless the 
disease burden is large, causing symptoms, rapidly progressing, or there is evi-
dence of end-organ dysfunction (visceral crisis due to extensive involvement of 
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the liver, lymphangitic lung involvement, or bone marrow involvement with 
cytopenias) where immediate response is required.

A high-quality systematic review in 2003 assessing randomized clinical trials com-
pared frontline HT to chemotherapy and showed no diff erence in OS (hazard ratio 
[HR] 0.94; P = .5), albeit a statistical signifi cance for overall response rate (ORR) (rela-
tive risk 1.25; P = .04) did favor chemotherapy, while treatment-related toxicities were 
notably increased in the chemotherapy arms (14). Furthermore, there is no benefi t 
from combining HT with chemotherapy in ER/PR+ HER2-negative MBC (15,16).

ER or PR Positivity and Response to Therapy
ER and/or PR prognostic and predictive values have been demonstrated in the 
metastatic setting. Th e presence and degree of tissue ER/PR expression strongly 
predicts response to hormonal treatments, with responses seen in approximately 
60% of patients with both ER+ and PR+ tumors, versus 30% in patients with either 
ER+ or PR+ status alone, versus fewer than 10% of women with receptor nega-
tive (ER−/PR−) disease (17,18). Patients with both ER+ and PR+ MBC have been 
shown to have a more favorable prognosis with longer OS than their counterpart 
single ER or PR+ tumors. Th is was assessed in an analysis of three phase III trials 
of AIs according to ER and PR status, showing that although there were no dif-
ferences in clinical benefi t, the median OS of women with ER+/PR+ tumors was 
signifi cantly longer than those with single ER or PR+ tumors (800 vs. 600 days, 
P = .01) (19). Additionally in women with ER+ tumors, the median OS of those 
with tumors that were also PR+ was signifi cantly longer than those that were PR− 
(800 vs. 625 days, P = .02) (19).

DURATION OF HORMONAL THERAPY

Tumor response assessments while on HT should be similar to other therapies. 
However, ER/PR+ disease is more oft en associated with bone only disease, which is 
not considered evaluable/non-measurable by RECIST 1.1 criteria (13). HT should 
be continued until there is clear evidence of disease progression or new lesions. 
Some patients with ER/PR+ MBC may experience prolonged periods of dis-
ease stability (years) while HT is continued and quality of life is preserved. Our 
approach is to proceed with fi rst disease assessment/restaging no sooner than 3 to 
4 months into HT, especially if the patient has bone only metastasis. During this 
period of time we follow patients clinically and assess their symptoms (bone pain).

Tumor fl are with HT has been reported in some patients with MBC with bone 
metastases during the fi rst weeks of treatment with tamoxifen and toremifene (20). 
Tumor fl are is a syndrome of diff use musculoskeletal pain with increased size of 
tumor lesions rather than regression. It is oft en associated with hypercalcemia. 
Tumor fl are does not imply failure of HT or represent tumor progression; rather, it 
suggests that the tumor will respond to HT. Symptoms should be treated while HT is 
continued. If hypercalcemia occurs, appropriate measures should be instituted (20).

SEQUENTIAL LINES OF HORMONAL THERAPY

It is important to remember that a patient with ER/PR+ MBC who responded 
well to fi rst-line HT will likely respond to another line of HT, although the 
response rate and duration of response decrease.
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When contemplating fi rst or subsequent HTs in ER/PR+ MBC, our approach is 
to carefully assess patients’ symptoms and the tumor’s features such as degree of ER 
and/or PR expression, location of metastases (bone only vs. bone + limited visceral 
sites), disease burden (extent and number of metastases), and prior response to and 
length of benefi t from HT. Asymptomatic patients, with low volume disease, even 
if visceral, but with high ER/PR expression and HER2− can be suitable candidates 
for further lines of HT.

 h If there is no evidence of visceral crisis and there are available hormonal 
options, then we always consider another line of HT as the preferred systemic 
management. 

Postmenopausal Women
Postmenopausal women with ER/PR+, HER2− MBC have a variety of options 
for treatment. Th erapies include AIs (anastrozole, letrozole, exemestane), SERMs 
(tamoxifen, toremifene), fulvestrant, and combination therapies with the CDK 4/6 
inhibitor palbociclib and the mTOR inhibitor everolimus.

Selective Estrogen Receptor Modulators (tamoxifen, toremifene)
Tamoxifen (20 mg daily) is a nonsteroidal SERM with potent antiestrogenic prop-
erties, which are related to its ability to compete with estrogen for binding sites in 
target tissues. Tamoxifen is an established treatment option for ER/PR+ MBC in 
postmenopausal women. Tamoxifen is extensively metabolized aft er oral admin-
istration with N-desmethyl tamoxifen as the major metabolite found in plasma. 
Tamoxifen is a substrate of cytochrome P-450 3A, 2C9 and 2D6, and an inhibitor 
of P-glycoprotein (21). It is important to take into consideration drug interactions 
when prescribing.

Toremifene (60 mg daily) is another ER receptor agonist/antagonist indicated 
for the treatment of MBC in postmenopausal women with ER+ or unknown 
tumors. Th ree prospective, randomized, controlled clinical studies (North Amer-
ican, Eastern European, and Nordic) were conducted to evaluate the effi  cacy of 
toremifene for the treatment of MBC in ER+ postmenopausal women. Two of the 
three studies showed similar results for all eff ectiveness end points, while the Nor-
dic Study showed a longer time to progression (TTP) for tamoxifen (22). Based on 
these fi ndings and the availability of newer hormonal agents and combinations, 
toremifene is rarely used in treatment of advanced ER/PR+ BC.

Aromatase Inhibitor (AI)
FIRST-LINE TREATMENT

AIs have compared favorably to tamoxifen with improvements in overall response 
rates (ORR), progression-free survival (PFS), and overall survival (OS). One of the 
largest phase III trials that included 916 women showed a signifi cant benefi t of fi rst-
line treatment with letrozole (2.5 mg daily) compared to tamoxifen in terms of PFS 
(9.4 vs. 6.0 months; HR 0.72; P < .0001) and RR (32% vs. 21%; P = .0002) with a non-
signifi cant increase in OS (23). An analysis of two phase III trials comparing anas-
trozole (1 mg daily) to tamoxifen showed a similar signifi cant improvement in PFS 
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(10.7 vs. 6.4 months; P = .022) in the ER/PR+ subgroup (24). Exemestane (25 mg 
daily) has been compared to tamoxifen in a nonblinded phase III trial of 371 women 
showing a similar  signifi cant improvement in RR (46% vs. 31%; P = .005) and PFS 
(9.9 vs. 5.8 months; P = .028 by Wilcoxon test) but no improvement in OS (25).

 h A 2006 meta-analysis of 23 MBC trials with 8,504 women comparing AIs 
(fi rst, second, and third generation agents) with tamoxifen showed a signifi cant 
benefi t in OS with the third generation AIs (HR 0.87, P ≤ .001) (26). The signif-
icant survival benefi t was maintained in both fi rst-line and second-line trials in 
this meta-analysis.

Comparisons of AIs to one another have largely not shown diff erences in effi  cacy. 
Several studies compared exemestane to anastrozole, showing equal effi  cacy and no 
diff erences in ORR, PFS, or OS (27–29). Letrozole has been compared to anastro-
zole as second-line therapy in a phase III/IV trial with no diff erence in TTP, clini-
cal benefi t, or OS, albeit a signifi cant improvement in ORR favoring letrozole was 
observed (19.1% vs. 12.3%; P = .013) (30). Consequently, no convincing data is avail-
able  showing a preference of one AI over the other in the fi rst- or second-line setting.

Fulvestrant is an SERD. It binds to the ER in a competitive mode with affi  n-
ity comparable to estradiol and downregulates the ER protein in BC cells. It is 
Food and Drug Administration (FDA) approved for treatment of ER/PR+, MBC 
in postmenopausal women aft er disease progression on antiestrogen therapy, and 
for ER/PR+ HER2- advanced or MBC in combination with palbociclib aft er pro-
gression on endocrine therapy. Based on the FIRST trial, results that are discussed 
later, fulvestrant can also be considered for fi rst-line treatment.

Fulvestrant dose is 500 mg intramuscularly on day 1, 15, 29, and then every 
28 days. For patients with hepatic impairment (Child–Pugh class B), a dose of 
250 mg is utilized but the same schedule is recommended.

FULVESTRANT VERSUS TAMOXIFEN

In an early fi rst-line phase III trial of 587 women with ER/PR+ MBC, 250 mg of 
fulvestrant was compared to tamoxifen. Th ere was no diff erence in PFS (6.8 vs. 8.3 
months) or ORR (31.6% vs. 33.9%), respectively (31). Th ese negative results were 
attributed to the lower dose of fulvestrant as subsequent prospective trials have 
shown a benefi t to a higher 500 mg dose.

FULVESTRANT DOSAGE MATTERS

 h The CONFIRM trial compared a 500 mg to 250 mg dose of fulvestrant 
in the second-line, AI refractory setting. A signifi cant improvement in PFS was 
demonstrated with the higher dose which is now considered standard dose for 
treatment of MBC (32).

FULVESTRANT AS FIRST-LINE THERAPY COMPARED TO AI

Th e FIRST trial compared fulvestrant to anastrozole as fi rst-line therapy. It showed 
a signifi cant increase in PFS favoring fulvestrant (23.4 vs. 13.1 months, HR 0.66; 
P = .01) (33) and clinical benefi t rate (CBR) of 72.5% and 62%,  respectively (34). 
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A more recent update to the FIRST trial in 2015 suggests an OS benefi t. Recently, 
the phase III FALCON trial was presented at the 2016 ESMO meeting; 462 
patients (fulvestrant, n = 230; anastrozole, n = 232) were randomized. Th e primary 
endpoint was met showing statistically signifi cant improvement in PFS with fulves-
trant versus anastrozole (HR 0.797 [95% CI 0.637, 0.999]; P = .0486; median PFS, 
16.6 versus 13.8 months, respectively) (35,36).

COMBINATION HORMONAL THERAPY WITH FULVESTRANT

Th e combination of fulvestrant and anastrozole has been compared to anastrozole 
alone in two trials with disparate results. Fulvestrant was given at 250 mg monthly, 
considered a nonstandard dose now. Th e FACT trial included 514 women and did 
not show any diff erence in PFS (10.8 vs. 10.2 months; HR 0.99; P = .91) (37). Th e 
SWOG 0226 trial, however, suggested the combination therapy was better in terms 
of PFS (15 vs. 13.5 months; HR 0.80; P = .007) and OS (47.7 vs. 41.3 months; HR 
0.81; P = .049) (38). Th e FACT trial had more patients who received adjuvant che-
motherapy and adjuvant tamoxifen therapy whereas the SWOG 0226 trial had more 
de novo metastatic disease.

Second-Line Th erapy With Fulvestrant at 250 mg has been compared favor-
ably to AIs, with no diff erence in OS (39). Fulvestrant has also been compared 
in combination with exemestane in the second-line setting in the SoFEA trial. 
No diff erence in PFS was found when the combination of fulvestrant and exemes-
tane was compared to fulvestrant or exemestane alone (4.4 vs. 4.8 vs. 3.4 months, 
respectively; P = .98) (40).

MECHANISTIC TARGET OF RAPAMYCIN (mTOR) INHIBITORS IN MBC

Th e mTOR pathway mediates cell growth and metabolism and can be activated by 
a range of signaling factors such as ERs. Dysregulation of this pathway can lead to 
the resistance to endocrine therapy, whereby further targeted inhibition has been 
shown to restore endocrine sensitivity for clinical benefi t (41). Everolimus 10 mg 
daily is FDA approved for treatment of ER/PR+ HER2− advanced breast cancer 
in combination with exemestane aft er failure of treatment with letrozole or anas-
trozole. Some of the most common adverse reactions with an incidence of ≥30% 
include stomatitis, infections, rash, fatigue, and diarrhea.

EVEROLIMUS AND EXEMESTANE

BOLERO-2 trial was a phase III trial that randomized 724 women who had pro-
gressed on AI therapy to combination therapy using exemestane + everolimus or 
exemestane + placebo. Th e combination treatment resulted in a signifi cantly lon-
ger PFS (7.8 vs. 3.2 months, respectively; HR 0.45; P < .0001) and led to its FDA 
approval for use in this setting (42,43).

EVEROLIMUS AND TAMOXIFEN

TAMRAD trial was a phase II trial that assessed everolimus with tamoxifen com-
pared to tamoxifen alone following progression on an AI. Th is showed superiority 
of the combination with a longer PFS (8.6 vs. 4.5 months; HR 0.54; P = .002) (44).

Toxicities notable in both mTOR studies included a higher rate of stomatitis, 
rash, fatigue, diarrhea, and anorexia (42–44).
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TEMSIROLIMUS AND LETROZOLE

HORIZON trial was a phase III study that compared temsirolimus (an mTOR 
inhibitor) + letrozole to letrozole alone in the fi rst-line setting. Th ere was no benefi t 
seen with the combination compared to letrozole alone (45).

Th e lack of benefi t seen in HORIZON supports the restricted benefi t of 
mTOR inhibition to those with acquired AI resistance.

TARGETED CYCLIN-DEPENDENT KINASE 4/6 INHIBITORS

Cyclin D1 and CDK4/6 are downstream of ER signaling pathways and activation of 
these pathways leads to cellular proliferation. In vitro, palbociclib reduces cellular 
proliferation of ER+ breast cancer cell lines by blocking progression of the cell cycle 
from G1 into S phase. CDK 4/6 inhibitors have recently been shown to be eff ective 
in the management of ER/PR+, HER2− MBC based on several clinical trials.

PALOMA-1 was a phase II study that showed that the combination of letro-
zole and palbociclib nearly doubled the PFS from 10.2 to 20.2 months compared 
to letrozole alone (HR 0.49; P = .0004) in the fi rst-line setting in patients with 
ER/PR+ MBC (46). Notable toxicities in the experimental group were neutropenia, 
pulmonary embolism, diarrhea, and fatigue.

Th is led to the accelerated FDA approval of palbociclib in February 2015 
contingent upon the confi rmatory phase III PALOMA-2 trial.

PALOMA-3 was a phase III trial that compared palbociclib + fulvestrant to 
fulvestrant alone as second-line therapy following disease progression on prior 
endocrine therapy. It showed a similar doubling of PFS by 5.4 months (9.2 vs. 3.8 
months, respectively; HR 0.42; P < .001) in the combination arm (47). Th is led to 
the FDA approval of palbociclib + fulvestrant in the second-line setting. What is 
not known, however, is the eff ectiveness of second- or third-line HT aft er palboci-
clib combinations.

PALOMA-2 was a phase III confi rmatory trial of palbociclib + letrozole 
(P+LET) versus letrozole (LET) alone as fi rst-line treatment of ER/PR+ MBC. Th e 
data from this trial was presented recently (48): the PFS was signifi cantly longer for 
the combination of P+LET versus LET (HR 0.58, 95% CIs [0.46, 0.72]; P < .000001) 
and median PFS of 24.8 versus 14.5 mos, respectively.

Palbociclib for ER+ HER2+ disease is not currently approved for use given the 
lack of published clinical data; however, active clinical trials are under way. Preclin-
ical data support that the combination may be eff ective (46).

Progestins
Megestrol acetate (MA) and medroxyprogesterone acetate are progestins with anti-
estrogenic properties that disrupt the ER cycle, possibly through inhibition of aro-
matase activity or action through the glucocorticoid receptor, androgen receptor, 
or progesterone receptor. Early randomized trials showed activity in ER/PR+ MBC 
with an approximate response rate of 25% and median duration of response of 15 
months with activity seen following progression on tamoxifen (49,50).

CALGB 8741 was a phase III study that assessed dose escalation of MA in the 
treatment of ER/PR+ MBC. Th e response rates were 23%, 27%, and 27% for MA 
160 or 800 or 1,600 mg/d, respectively, and no signifi cant diff erences in the treat-
ment arms were noted for TTP or for survival; survival medians were 28 months 
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(low dose), 24 months (mid-dose), and 29 months (high dose) (49). Side eff ects 
were notable for increased thromboembolic events, weight gain, and fl uid reten-
tion. Th ese agents have been compared to AIs following progression on tamoxifen 
therapy in several studies with similar response rates and PFS but an improved 
side-eff ect profi le favoring AIs (51–54).

A combined updated analysis of the two prior trials by Buzdar et al demon-
strated a signifi cant OS advantage favoring anastrozole versus MA (26.7 vs. 22.5 
months; HR 0.78; P < .025) (55). Exemestane was compared to MA in a trial of 
769 women demonstrating an improvement in PFS (4.7 vs. 3.8 months; P = .037; 
respectively) and OS (median not yet reached vs. 28.5 months; P = .039; respec-
tively) (56).

Use of progestins in treatment of ER/PR+ MBC is sporadic given their toxic-
ity profi le and availability of more eff ective targeted agents and combinations.

Estrogen Therapy for ER/PR+ MBC
Although counterintuitive and seemingly paradoxical, estrogen has been used success-
fully in the treatment of ER/PR+ BC. Th e treatment effi  cacy of a synthetic estrogen, 
diethylstilbestrol (DES), in postmenopausal women with BC was noted in the 1940s, 
suggesting that low estrogen levels associated with the menopause may sensitize BC 
to DES. Some women treated with intermittent therapy had repeated regressions of 
disease upon reintroduction of DES. In the 1980s, tamoxifen was FDA approved and 
DES was eventually withdrawn from use in treatment of BC. Estradiol is still occa-
sionally used in treatment of BC aft er the failure of newer endocrine therapies (56).

A randomized phase II trial in postmenopausal women with ER/PR+, AI-re-
sistant MBC was done to compare clinical benefi t of 30 mg estradiol daily (10 mg 
TID) with 6 mg daily (2 mg TID) and to determine if prior exposure to AI treat-
ment sensitizes ER+ MBC to lower, better tolerated, and safer doses of estradiol. A 
total of 66 patients were treated and clinical benefi t rates (CBRs) were 28% (30-mg 
arm) and 29% (6-mg arm) (57). Th e frequency of grade 3+ adverse events was 
higher in the 30-mg versus 6-mg arm (P = .03). Seven patients with estradiol-sensi-
tive disease were retreated with an AI upon progression, two had partial responses 
and one stable disease suggesting resensitization to estrogen deprivation.

 h Low-dose estrogen is rarely considered for treatment of ER/PR+ MBC. 
It is important to remember and to consider it only in settings when hormone 
resistance is established after multiple lines of antiestrogen therapies.

Premenopausal Women With ER/PR+ MBC
In the following we discuss several eff ective treatment options for premenopausal 
women with ER/PR+ MBC including ovarian suppression/ablation, SERMS, com-
bination therapy of ovarian suppression and SERM or AI, or SERD and other tar-
geted agents.

Ovarian Suppression/Ablation
Ovarian suppression/ablation can be completed with luteinizing-hormone- 
releasing hormone (LHRH)/gonadotropin-releasing hormone (GnRH) agonists, 
radiotherapy to the ovaries, or oophorectomy. Ovarian suppression/ablation alone 
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is eff ective therapy for premenopausal women with ER/PR+ MBC, with response 
rates ranging from 14% to 70% (58,59). In an early study of 136 premenopausal 
women randomly assigned to either ovarian suppression with goserelin or ovarian 
ablation with oophorectomy, no diff erence was seen in OS, failure-free survival, or 
RR (60). Ovarian suppression with hormone therapy in the advanced setting has 
been found to have increased PFS (HR 0.70; P = .0003) and OS (HR 0.78; P = .02) 
in a meta-analysis of GnRH alone or in combination with tamoxifen (61). Ovarian 
suppression induces a higher risk of osteoporosis, dyslipidemia, hot fl ashes, vaginal 
dryness, and mood swings, which are important factors to counsel the premeno-
pausal population (61). Choice of therapy is largely based on patient and physician 
preference given the varied side-eff ect and long-term risk profi les.

For premenopausal women, we recommend ovarian suppression combined 
with a hormonal treatment that is the same as would be given for postmenopausal 
women (AI, SERD [62], targeted agent combinations) or treatment with a SERM 
alone for premenopausal women with MBC.

Selective Estrogen Receptor Modulators
SERMs such as tamoxifen have been used for many years for the treatment of 
MBC, although with limited data for the premenopausal population.

TAMOXIFEN

In prospective randomized studies comparing tamoxifen to ovarian ablation 
(oophorectomy or ovarian irradiation) in premenopausal women with MBC, the 
ORR, TTF, and OS were similar (63,64). Elevated serum and plasma estrogens have 
been observed in premenopausal women receiving tamoxifen, but the data from 
the randomized studies do not suggest an adverse eff ect of this increase. A limited 
number of premenopausal patients with progression of disease (PD) on tamoxifen 
responded to subsequent ovarian ablation.

Tamoxifen has shown to be equivalent to ovarian suppression in several trials 
conducted in premenopausal women with response rates of approximately 45% 
(18). A 1997 meta-analysis that evaluated 220 women showed no statistically sig-
nifi cant diff erence in risk of disease progression or death (65).

Combination therapy of tamoxifen and ovarian suppression has shown an 
increased PFS (8.7 vs. 5.4 months; HR 0.70; P = .0003) and OS (2.9 vs. 2.5 years; 
HR 0.78; P = .02) when compared to ovarian suppression alone in a meta-analysis 
of four randomized trials (61). No trials have compared single agent tamoxifen 
with ovarian suppression and tamoxifen in MBC.

 h Based on this data, our approach is to always utilize ovarian suppression 
in addition to tamoxifen in premenopausal women with ER/PR+ MBC.

Aromatase Inhibitors
AIs prevent the peripheral conversion of androgens to estrogens and are eff ec-
tive in many settings (chemoprevention, neoadjuvant, adjuvant, metastatic) for 
postmenopausal women. Th eir use is contraindicated in premenopausal women 
without the use of ovarian suppression due to the negative feedback loop from the 
pituitary, leading to an increase in estrogen production by the ovaries.
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Limited phase II trials in premenopausal women have shown encouraging clin-
ical benefi t with ovarian suppression and AIs (66–69). It is important to remember 
that in the postmenopausal setting, AIs have showed superiority to tamoxifen as 
frontline therapy for ER/PR+ MBC, which has further supported their use in the 
premenopausal space, although direct evidence for this is lacking (26). Addition-
ally, no trials have been published comparing ovarian suppression + AI to  ovarian 
suppression alone; however, as mentioned previously, ovarian suppression and 
tamoxifen compared to ovarian suppression alone showed benefi t for the combi-
nation with improved RR, PFS, and OS.

Cyclin-Dependent Kinase Inhibitor
Th e recently approved CDK 4/6-inhibitor, palbociclib, has shown clinical bene-
fi t in the large PALOMA-3 trial where palbociclib + fulvestrant was compared to 
fulvestrant alone as second-line therapy following progression of disease on prior 
endocrine therapy. Th is randomized, phase III trial showed a statistically signifi -
cant prolongation of PFS by 5.4 mos (9.2 vs. 3.8 mos, respectively; HR 0.42; P < 
.001) in the combination arm (47). Th is trial included postmenopausal and pre-
menopausal women on ovarian suppression comprising 20% of the study popula-
tion. In subgroup analysis, premenopausal women had similar clinical benefi t to 
postmenopausal women (HRs 0.44 and 0.41, respectively; P = .94) (47). Th is trial 
led to the recent expanded FDA approval for second-line therapy with fulvestrant 
and included pre/perimenopausal women in the indication.

PALOMA-1 was a phase II trial comparing letrozole alone to letrozole + palboci-
clib in postmenopausal women with ER/PR+ MBC as fi rst-line therapy. PALOMA-1 
showed benefi t in terms of prolongation of PFS in the combination arm (46).

PALOMA-2 is a phase III study to confi rm the phase II fi ndings. Although pre-
menopausal women on ovarian suppression were not included in either trial, we 
feel it is reasonable to consider ovarian suppression + letrozole + palbociclib in the 
fi rst-line setting.

Selected Novel Agents in Clinical Trials for ER/PR+ MBC
PI3K INHIBITORS

Many exciting novel agents are in development for ER/PR+ MBC. Of the many 
novel agents, PI3K inhibitors such as buparlisib (BKM120) show promising results. 
Th e PI3K/AKT/mTOR pathway is implicated in many malignancies and in breast 
cancer PI3K mutations are common. Th e initial BELLE-2 (NCT01610284) results 
were presented at the 2015 San Antonio Breast Cancer Symposium. In this phase 
III randomized trial of fulvestrant versus fulvestrant + buparlisib, PFS was increased 
in the combination arm (6.9 vs. 5 months, HR .78; P < .001) (70). In evaluating the 
circulating tumor DNA, patients with mutant PIK3CA had an even greater benefi t 
with combination therapy compared to fulvestrant alone (7 vs. 3.2 months, HR 0.56; 
P < .001). BELLE-3 (NCT01633060) is still recruiting and is evaluating buparlisib + 
fulvestrant aft er progression on an mTOR inhibitor. Additional PI3K inhibitors such 
as idelalisib, pictilisib, and alpelisib are being evaluated in clinical trials.

CDK INHIBITORS SELECTIVE FOR CDK4 AND CDK6

Abemaciclib has shown promising initial results gaining a FDA breakthrough des-
ignation. Abemaciclib shows initial single agent activity with an objective response 

https://clinicaltrials.gov/ct2/show/NCT01610284
https://clinicaltrials.gov/ct2/show/NCT01633060
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rate of 33.3% and clinical benefi t rate of 61.1% (71). A single-arm phase II trial of 
abemaciclib in previously treated patients (MONARCH-1-NCT02102490) and two 
phase III combination trials (MONARCH-2-NCT02107703 with fulvestrant and 
MONARCH-3-NCT02246621 with an AI) are ongoing. Th e results of the MONA-
LEESA 2 trial (NCT01958021) were recently presented at the ESMO2016 meeting. 
In this trial, postmenopausal women (N = 668) with ER/PR+, HER2– MBC with no 
prior systemic treatment for MBC were randomized (1:1) to receive ribociclib (600 
mg/day, 3-weeks-on/1-week-off ) + letrozole (2.5 mg/day, continuous) or placebo 
+ letrozole. Th e study met its primary objective: at the interim analysis, PFS was 
signifi cantly improved in the ribociclib arm, with a HR of 0.556 (95% CI: 0.429–
0.720; P = .00000329). Median PFS was not reached in the ribociclib arm (95% CI: 
19.3–not estimable) versus 14.7 months in the placebo arm (95% CI: 13.0–16.5). In 
patients with measurable disease at baseline, ORR was 53% versus 37% (ribociclib 
vs. placebo arm; P = .00028) and CBR was 80% versus 72% (P = .02) (72).

HISTONE DEACETYLASE (HDAC) INHIBITOR

Entinostat is a novel class I HDAC inhibitor, which has been shown to inhibit 
growth factor signaling pathways that mediate hormone resistance. Th e ENCORE 
301 trial compared entinostat + exemestane to exemestane + placebo in 130 heav-
ily pretreated patients who were resistant to AIs. Th e PFS was 4.28 versus 2.27 
months (HR 0.73; P = .055) with an exploratory end point showing benefi t in 
median OS, 28.1 versus 19.8 months (HR 0.59; P = .036) (73). A phase III trial 
E2112 (NCT02115282) with entinostat + exemestane versus exemestane +  placebo 
in ER/PR+, HER2−, pre and post menopausal women and men who failed an AI 
therapy in fi rst line setting is ongoing.

 h MANAGEMENT PEARLS—MBC HORMONAL THERAPY

1. Th e presence and degree of tissue ER/PR expression strongly predicts 
response to hormonal treatments, with responses seen in approximately 
60% of women with both ER+ and PR+ tumors, versus 30% in women 
with either ER+ or PR+ status alone, versus less than 10% of women with 
receptor negative (ER−/PR−) disease. Patients with both ER+ and PR+ 
tumors have a more favorable prognosis with longer OS than their coun-
terpart single hormone receptor positive tumors.

2. HT should be continued until there is clear evidence of disease progres-
sion. Some patients with ER/PR+ MBC may experience prolonged peri-
ods of disease stability (years) while HT is continued and quality of life is 
preserved.

3. We do not recommend combining HT agents with chemotherapy in 
ER/PR+ MBC.

4. It is important to remember that a patient with ER/PR+ MBC who 
responded well to fi rst-line HT may respond to another line of HT, 
although the response rate and duration of response decrease.

5. Not all visceral disease requires upfront chemotherapy. If there is no 
evidence of visceral crisis and there are available hormonal options, we 
always consider another line of HT as the preferred systemic management.

https://clinicaltrials.gov/ct2/show/NCT02102490
https://clinicaltrials.gov/ct2/show/NCT02107703
https://clinicaltrials.gov/ct2/show/NCT02246621
https://clinicaltrials.gov/ct2/show/NCT01958021
https://clinicaltrials.gov/ct2/show/NCT02115282
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CHEMOTHERAPY

Single Agent Versus Combination Chemotherapy
Th ere are no prospective data that demonstrate conclusively that combination che-
motherapy improves survival when compared to single agent cytotoxic chemother-
apy for treatment of MBC. However, combination chemotherapy has been shown 
to increase overall response rates in MBC. Th erefore, when a higher response rate 
is vital, such as in patients with visceral crisis, combination chemotherapy may be 
appropriate. Otherwise, single agent therapy is preferred to avoid cross-resistance 
to multiple agents and to limit toxicities.

In a prospective randomized study comparing fi rst-line single agent epirubi-
cin (E) to combination cyclophosphamide, epirubicin, and fl uorouracil (ECF), 
no signifi cant diff erence in survival or TTP was appreciated between the two 
 treatments (74). Similar results were shown comparing sequential versus concom-
itant administration of an anthracycline and taxane as fi rst-line treatment of MBC 
(75). ECOG 1193 did show that combination of doxorubicin and paclitaxel (AT) 
was associated with a higher ORR and longer median TTP than sequential therapy 
as fi rst-line therapy for MBC, but with greater toxicity and no diff erence in OS (76).

Th e European MBC task force performed a literature review of diff erent 
monotherapy versus combination therapy comparison studies. None of these stud-
ies showed meaningful diff erences in PFS or OS (77).

Single Agent Chemotherapy
Anthracyclines are active agents in the treatment of MBC. Cumulative cardiac tox-
icity inherent to prolonged use becomes a concern in the metastatic setting and 
limits its use in treatment of advanced breast cancer due to the frequent utilization 
of these agents in the adjuvant setting. However, in the setting of de novo presen-
tation of advanced breast cancer, anthracycline as single agent or in combination 
(AC, EC, or TAC) can be considered when the visceral burden of disease is high 
and indications for chemotherapy are present (see p. 175).

DOXORUBICIN

In a phase III study, doxorubicin alone was compared to combination therapy with 
vinorelbine, and the treatments were found to be similar with respect to TTP and 
OS (78). Th e dosing schedule for doxorubicin alone is 60 to 75 mg/m2 every 3 
weeks or 20 mg/m2 weekly.

Epirubicin is a structural analog of doxorubicin with similar effi  cacy, but with 
some data to suggest a lower rate of cardiac toxicity (79). Th e half-life of epirubicin is 
much shorter than doxorubicin but the peak plasma concentration is similar. A pro-
spective comparison study of epirubicin (85 mg/m2) versus doxorubicin (60 mg/m2)
every 21 days in patients with advanced BC who failed nonanthracycline combi-
nation chemotherapy showed that ORR = 25% in both arms; median duration of 
response was 11.9 mos for epirubicin and 7.1 mos for doxorubicin. Th e median doses 
to the development of laboratory cardiotoxicity were estimated to be 935 mg/m2 
(epirubicin) and 468 mg/m2 (doxorubicin) and the median cumulative dose at 
which congestive heart failure (CHF) was observed was 1,134 mg/m2 (epirubicin) 
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versus 492 mg/m2 (doxorubicin) (79). Epirubicin just like doxorubicin can be dosed 
at 20 to 25 mg/m2 weekly.

Pegylated liposomal doxorubicin (PLD) was developed to further improve the 
safety profi le of anthracyclines. PLD is doxorubicin confi ned within liposomes sta-
bilized by graft ing polyethylene glycol onto its surface. PLD has a longer half-life (55 
hours) prolonging the circulation time (80). In a study comparing PLD to doxoru-
bicin, median PFS and OS were comparable in the two arms (80,81). PLD was asso-
ciated with a decreased risk of cardiomyopathy, even in high-risk patients, although 
with a higher incidence of dose-related palmar plantar  erythrodysesthesia (PPE) 
(80,81). PLD is commonly given at a dose of 40 to 50 mg/m2 every 3 to 4 weeks.

TAXANES

Taxane-containing regimens improve OS, TTP, and tumor ORR in women with 
MBC and are routinely prescribed as fi rst- and later-line therapy in the metastatic 
setting due to high ORR noted in multiple studies (82–84). In a Cochrane review, 
taxanes were found to be superior to anthracycline and other nonanthracycline 
regimens in terms of PFS and OS (85). Th e combined HR for OS and TTP favored 
the taxane-containing regimens (HR 0.93; P = .002; 0.92; P = .002) respectively. For 
studies of fi rst-line chemotherapy, this eff ect persisted for OS (HR 0.93; P = .03) but 
not for TTP (HR 0.96; P = .22). Response rates were also better with taxane-con-
taining chemotherapy (HR 1.20; P < .00001).

Paclitaxel was initially given as a 250 mg/m2 96-hour infusion and demon-
strated a response rate of 56% as initial chemotherapy (82). Further studies uti-
lized shorter infusions of paclitaxel (175 mg/m2 by 3-hour infusion every 21 
days) in patients previously treated with the FEC as an adjuvant or fi rst-line ther-
apy for MBC and was associated with ORR of 54% for adjuvant FEC and 60% 
for 5-fl urouracil/ epirubicin/cyclophosphamide (FEC) as fi rst-line treatment (86). 
Other phase II studies of paclitaxel have shown comparable results (83,84). Pacl-
itaxel given weekly (dose range 80–108 mg/m2) was associated with the ORR of 
53%, with 10% complete response (CR) (87). Median response duration was 7.5 
months (range, 2 to 11+). Responses were observed in 50% of patients who had 
received prior anthracycline therapy, including in half of patients with disease pro-
gression on anthracycline within 1 year (87).

Paclitaxel is most commonly given on a weekly schedule at 80 mg/m2, based 
on a 2010 meta-analysis that showed improved OS and improved tolerability over 
an every 3-week schedule (88).

Docetaxel diff ers from paclitaxel in its pharmacokinetic profi le. Th e cellular 
uptake is higher with docetaxel compared to paclitaxel, and the effl  ux rate is about 
thrice slower for docetaxel. Th is contributes to the greater cytotoxicity of docetaxel 
than paclitaxel. Data suggests there is only partial cross-resistance between pacl-
itaxel and docetaxel. A phase II study that evaluated the response to docetaxel 
(75–100 mg/m2 every 21 days) in patients with paclitaxel-resistant MBC showed 
an ORR of 17.4% (89). Weekly docetaxel at 40 mg/m2 demonstrated an ORR of 
41% in the metastatic setting in a phase II study (90). However, it is more com-
monly given on an every 3-week schedule, based on a study in the adjuvant setting, 
which demonstrated an improvement in DFS with this schedule (88).
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When comparing these two taxanes, toxicities do diff er. Generally paclitaxel 
results in more neuropathy and myalgia, whereas docetaxel generally causes more 
febrile neutropenia, edema (which can be ameliorated with the use of dexametha-
sone), and gastrointestinal side eff ects (diarrhea).

Nab-paclitaxel (albumin-bound solvent-free paclitaxel) was designed to over-
come the infusion reactions experienced in relation to the solvents used in paclitaxel. 
Th ese solvent vehicles were also thought to impair drug delivery to the tumor and 
be responsible for the disproportionate systemic drug exposure (91).  Nab-paclitaxel 
and paclitaxel have been compared in xenograft  tumor models at equitoxic doses, 
and nab-paclitaxel was found to have greater antitumor activity (92). When com-
pared to docetaxel, nab-paclitaxel resulted in signifi cantly longer PFS in the fi rst-
line setting (93–96). Nab-paclitaxel may be dosed at 100 to 150 mg/m2 on days 1, 8, 
and 15 of a 28-day cycle or 260 mg/m2 every 3 weeks (94–96).

OTHER AGENTS

Capecitabine is an oral prodrug and is converted to its active form 5-fl uorouracil 
by the enzyme pyrimidine nucleoside phosphorylase. Th is enzyme is expressed 
at high levels by various tumor, which results in precise delivery of active drug 
to the tumor tissue and reduces bowel exposure to the active drug. A patient 
with MBC who does not want intravenous (IV) chemotherapy may choose to 
start with the oral capecitabine. Th e FDA- approved capecitabine at (1,250 mg/m2 
twice daily orally for 2 weeks on and 1 week off ) but this dose is oft en diffi  cult 
to tolerate and patients oft en require dose reductions. Many oncologists start 
with alternative dosing schedules and use 1,000 mg/m2 bid × 14 days, 7 days 
off  schedule. Studies have shown these dose reductions do not impair effi  cacy of 
the drug (97). In a phase II study of patients with paclitaxel-r efractory disease, 
ORR was approximately 20%. Th e most common adverse events reported include 
hand–foot syndrome, diarrhea, nausea, and vomiting. Th e median TTP was 93 
days, and median duration of response was 8.1 months (96). In a fi rst-line study, 
ORR was 26.1% with a dose of 2,000 mg/m2 (98). In another fi rst-line phase 
II randomized study, ORR was 30% with capecitabine compared to 16% with 
Cytoxan, methotrexate, and 5-fl uorouracil (CMF). Median TTP was longer with 
capecitabine versus CMF (4.1 vs. 3 months) respectively but survival was similar 
in the two treatment arms (99).

Gemcitabine is a nucleoside analog that has shown signifi cant antitumor activ-
ity across a wide range of tumors with low systemic toxicity. It is generally admin-
istered at a dose of 1,000 mg/m2 weekly for 2 weeks followed by a 1-week rest. 
In the fi rst-line setting, a response rate of 37% was noted (100), and in the sec-
ond-line, 26% (101). When given as third- or fourth-line treatment in MBC, it has 
an ORR of 17% to 19% (102).

Eribulin mesylate is a nontaxane microtubule inhibitor; it is active in cell lines 
that have become resistant to taxanes. It is generally administered at a dose of 
1.4 mg/m2 on day 1 and 8 of a 21-day cycle. In a phase II study, eribulin demon-
strated an objective RR of 11.5% (103). In a phase III open-label randomized 
study, eribulin was compared to various therapies in heavily pretreated MBC 
(EMBRACE trial). Th e control arm consisted of treatment of physician’s choice 
(TPC). Th ere was a signifi cant increase in OS for the eribulin group compared to 
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the TPC group (13.1 months vs. 10.6 months). More common grade 3 or 4 adverse 
events that occurred with eribulin were neutropenia, leukopenia, and peripheral 
neuropathy (104).

Vinorelbine is a semisynthetic vinca alkaloid that inhibits microtubule 
assembly and interferes with formation of the mitotic spindle and prevents cell 
division. It is generally administered at a dose of 25–30 mg/m2 weekly on days 
1 and 8 in a 3-week cycle. As fi rst-line treatment in advanced breast cancer, 
objective ORR was shown to be 35% (105,106,107,108). It has an objective ORR 
of 47% as second- or third-line treatment in MBC and no cross-resistance was 
documented with prior anthracycline or taxane treatment (105). Th e mecha-
nism of action of docetaxel and vinorelbine has been found to be synergistic in 
preclinical models. In a phase II study of fi rst-line therapy for patients who were 
taxane-naïve, the combination of docetaxel and vinorelbine resulted in an ORR 
of 59% (109).

Ixabepilone is an epothilone B analog, nontaxane microtubule-stabilizing 
compound, that has activity in taxane-resistant patients. Th is drug was evaluated 
in a phase II study of patients who were resistant to anthracyclines, taxanes, and 
capecitabine. ORR was 18.3% in this heavily pretreated population and a manage-
able toxicity profi le was noted (110). A randomized phase III trial in patients with 
locally advanced MBC with prior anthracycline and taxane exposure with ixabepi-
lone (40 mg/m2 IV q 3 weeks) and capecitabine (2,000 mg/m2/d days 1–14)  versus 
capecitabine (2,500  mg/m2/d days 1–14) was done. Ixabepilone + capecitabine 
prolonged PFS compared to capecitabine alone (median, 5.8 vs. 4.2 mos), with a 
25% reduction in the estimated risk of disease progression (HR, 0.75; P = .0003). 
Objective response rate was also increased (35% vs. 14%; P < .0001) (111, 208). Th e 
usual dose of Ixabepilone is 40 mg/m2 IV every 21 days.

Platinum agents including cisplatin and carboplatin are usually administered 
as part of combination regimens as there are limited single agent responses noted 
with these drugs. Th is class of drugs may be particularly useful in patients who have 
tumors in which DNA damage repair pathways are impaired, such as with BRCA 
mutations. Platinum agents (carboplatin or cisplatin) are typically combined with 
paclitaxel or gemcitabine in MBC, standard doses of these agents are used.

MAINTENANCE CHEMOTHERAPY

A systematic meta-analysis of 11 randomized chemotherapy clinical trials for 
MBC including 2,269 patients showed that longer fi rst-line chemotherapy dura-
tion resulted in a marginal improvement in OS (HR, 0.91, 95% CIs [0.84, 0.99]; 
P = .046) and a substantial improvement in PFS (HR, 0.64, 95% CIs [0.55, 0.76]; 
P < .001) (112). Th ere were no diff erences in eff ect on either OS or PFS between 
subgroups defi ned by time of random assignment, study design, number of chemo-
therapy cycles in the control arm, or concomitant endocrine therapy. Th e number 
of cycles of chemotherapy in the standard duration groups (control arms) ranged 
from 3 to 8 while the number of maintenance chemotherapy cycles ranged from 6 
to continuing until disease progression or unacceptable toxicity. In terms of clin-
ical benefi t on OS, the 9% reduction in the hazard of death for longer duration of 
chemotherapy was felt to be marginally benefi cial. In practice, this needs to be 
considered against toxicity.
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 h MANAGEMENT PEARLS—CHEMOTHERAPY (Table 6.1)

1. Th ere are no prospective data that demonstrate conclusively that com-
bination cytotoxic chemotherapy meaningfully improves survival when 
compared to single agent sequential chemotherapy for treatment of MBC. 
However, combination chemotherapy has been shown to increase ORR.

2. When a higher response rate is vital, such as in patients with visceral crisis, 
combination chemotherapy may be appropriate. Otherwise, single agent 
therapy is preferred to avoid cross-resistance to multiple agents and to 
limit toxicities.

3. Maintenance chemotherapy: A systematic meta-analysis of 11 ran-
domized chemotherapy clinical trials in MBC including 2,269 patients 
showed that longer fi rst-line chemotherapy duration resulted in a mar-
ginal improvement in OS (HR, 0.91, 95% CIs [0.84, 0.99]; P = .046) 
and a substantial improvement in PFS. Th is marginal benefi t has to be 
weighed against increased toxicities of maintenance cytotoxic chemo-
therapy.

HER2+ MBC
HER2 positivity, seen in approximately 20% of breast cancers, is a prognostic and 
predictive marker in MBC (122). Historically, tumor tissue overexpression of HER2 
was associated with increased risk of recurrence and worse overall prognosis. Since 
the introduction of HER2 targeted agents, the disease course in metastatic setting 
has been altered with improvement in median survival now reaching 56 months as 
seen in the CLEOPATRA trial (123).

Anti-HER2 therapy indications follow the previously described immunohisto-
chemistry and in situ hybridization guidelines as set by the American Society of 
Clinical Oncology/College of American Pathologists (ASCO/CAP) and previously 
described in Chapter 5. HER2 therapy is typically administered in combination 
with hormone and chemotherapy as described in the following.

Triple-Positive ER/PR/HER2+ MBC
Nearly 50% of all HER2-positive breast cancers will also coexpress ER or PR recep-
tors (124,125). Triple-positive MBC can be treated with HER2 directed therapy, 
chemotherapy, and/or hormonal therapy (HT). Here we also do not recommend 
concurrent chemotherapy with HT and recommend sequential approaches using 
guidelines discussed in this chapter.

Society guidelines diff er in the treatment algorithm for hormone positive 
HER2+ given the lack of evidence in randomized controlled trials.
• ASCO guidelines support recommendations for the upfront treatment in tri-

ple-positive MBC with diff ering “strengths” based on available evidence (126).
 HER2 targeted therapy combined with chemotherapy is a “strong” 

 recommendation.
 HER2 targeted therapy combined with endocrine therapy is a “moderate” 

recommendation.
(text continues on page 195)
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Table 6.1 Chemotherapy Regimens for Metastatic Breast Cancer 

Author
No. of 
subjects Randomization

Primary 
end 
point(s) Effi cacy Grade 3/4 toxicities

Line of therapy 
and prior exposure 
to A/T

Norris et al (78) 300 Doxo + VNB vs. 
Doxo alone

ORR ORR 38% on 
combination arm vs. 
30% on doxorubicin 
alone (P = .2) 

Granulocytopenia—69% 
in combo arm, 
neurotoxicity 6% on Doxo 
+ VNB vs. 1% on Doxo 
alone, venous toxicity 
(22% on combo arm vs. 
2% on single agent)

First- or second-line 
therapy for MBC
No prior A exposure, 
prior T permitted

Perez et al 
(113)

212 NA paclitaxel 
alone

ORR, TTP ORR 21.5%
median TTP 4.7 
months

Hematologic toxicity 
15%, neurotoxicity 9%

Two prior lines of 
therapy permitted for 
MBC including prior 
A and/or T

Harvey et al 
(114)

527 Docetaxel 60, 
75, or 100 mg/m2

ORR ORR 22.1%, 23.3%, 
36% in each arm, 
respectively 
Higher response 
rate with 100 mg/m2 
(P = .037)

Neutropenia (49.3%, 
67.9%, 86.3% 
respectively)

First- or second-line 
therapy for MBC

(continued )
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Table 6.1 Chemotherapy Regimens for Metastatic Breast Cancer (continued )

Author
No. of 
subjects Randomization

Primary 
end 
point(s) Effi cacy Grade 3/4 toxicities

Line of therapy 
and prior exposure 
to A/T

Gradishar (95) 302 Nab-paclitaxel 
300 mg/m2 q3w, 
100 mg/m2 
weekly, 150 
mg/m2 weekly, 
docetaxel 100 
mg/m2 q3w

ORR, PFS Longer PFS on 
nab-paclitaxel than 
docetaxel (12.9 vs. 7.5 
months; P = .0065). 
Higher ORR on nab-
paclitaxel (49% on 
150 mg/m2, 45% on 
100 mg/m2, 35% on 
docetaxel)

Neutropenia (39% on 
300 mg/m2, 20% on 
100 mg/m2, 35% on 
150 mg/m2, 19% on 
docetaxel), sensory 
neuropathy (17% on 
300 mg/m2 vs. 12% on 
docetaxel), fatigue on 
docetaxel

No prior 
chemotherapy in 
metastatic setting

O’Shaughnessy 
et al (115)

95 Cape vs. CMF ORR, TTP ORR—30% on Cape 
vs. 16% on CMF, 
median TTP 4.1 
months on Cape vs. 3 
months on CMF

Hand–foot syndrome 
on Cape 34%, patients 
on Cape experienced 
treatment interruption due 
to severe adverse events

No prior 
chemotherapy in 
advanced/metastatic 
setting

Modi et al (116) 22 NA
Gemcitabine 
alone

RR PR 17% (95% CI 
4%–41%)

Neutropenia, fatigue, 
neuropathy

MBC treated 
with 2–4 prior 
chemotherapy 
regimens that 
included an A and T

(continued )
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Table 6.1 Chemotherapy Regimens for Metastatic Breast Cancer (continued )

Author
No. of 
subjects Randomization

Primary 
end 
point(s) Effi cacy Grade 3/4 toxicities

Line of therapy 
and prior exposure 
to A/T

Cortes et al 
(104)

762 Eribulin vs. TPC OS OS (13.1 vs. 10.6 
months)

Fatigue (54% on eribulin 
and 40% on TPC), 
neutropenia (24% on 
eribulin vs. 7% on TPC), 
peripheral neuropathy 
(8% on eribulin, 2% on 
TPC)

Between 2 
and 5 previous 
chemotherapy 
regimens (two or 
more for advanced 
disease), including A 
and T

Zelek et al (105) 40 NA
VNB alone

Objective 
response

ORR 25%. Median 
time to failure 6 
months (range 4–12)

Neutropenia, neuropathy, 
ileus, anemia

Anthracyclines and 
taxanes

Mavroudis et al 
(117)

286 Doc + Epi (DE) 
vs. Doc + Cape 
(DC)

TTP, OS ORR 51.5% with 
DE vs. 52.9% with 
DC. Median TTP 
10.6 months vs. 11 
months, respectively

Neutropenia 57% with DE 
vs. 46% on DC (P = .069), 
anemia 20% vs. 7%, 
respectively

Previously 
untreated/previous 
anthracycline-based 
(neo)-adjuvant 
chemotherapy was 
allowed if completed 
>1 year before 
enrollment

(continued )
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Table 6.1 Chemotherapy Regimens for Metastatic Breast Cancer (continued )

Author
No. of 
subjects Randomization

Primary 
end 
point(s) Effi cacy Grade 3/4 toxicities

Line of therapy 
and prior exposure 
to A/T

Albain et al 
(118)

529 Gem + Pacli 
(GT) vs. Pacli 
alone

OS, TTP Median OS 18.6 
months on GT versus 
15.8 months on Pacli

Neutropenia 47.9% on GT 
vs. 11.5% on Pacli only. 
Febrile neutropenia 4.6% 
vs. 1.2%, respectively

Anthracycline-based 
adjuvant therapy

Canellos et al 
(119)

184 CMF vs. L-PAM RR CMF 49 (53%) 
complete (14 patients) 
or partial (35 patients) 
response, 18 of the 
91 patients (20%) 
treated with L-PAM 
responded

Extent of 
myelosuppression was 
greater in the CMF arm

No prior 
chemotherapy

O’Shaughnessy 
et al (120)

511 Capecitabine/
docetaxel vs. 
docetaxel alone

TTP, OS TTP (HR = 0.652; 
P = .0001, 6.1 vs. 4.2 
months), OS (HR = 
0.775; P = .0126, 14.5 
vs. 11.5 months)

Gastrointestinal side 
effects and hand–foot 
syndrome more with 
combination

Anthracycline

Sparano et al 
(121)

1,221 Ixabepilone/
Cape vs. Cape

OS HR = 0.85; P = .0231 Peripheral neuropathy 
24% vs. 1.2%

Anthracycline/
Taxane in adjuvant or 
metastatic setting

A/T, anthracycline/taxane; Cape, Capecitabine; CMF, cyclophosphamide, methotrexate, 5-fl uorouracil; Doc, docetaxel; Doxo, doxorubicin; Epi, epirubicin; 
HR, hazard ratio; L-PAM, melphalan; MBC, metastatic breast cancer; NA, not applicable; ORR, overall response rate; OS, overall survival; Pacli, paclitaxel; 
PFS, progression-free survival; PR, progesterone receptor; RR, response rate; TPC, treatment of physician’s choice; TTP, time to progression; VNB, 
vinorelbine.
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 Endocrine therapy alone is a “weak” recommendation in carefully selected 
patients.

 Endocrine therapy with HER2 therapy when chemotherapy ends and/or 
when cancer progresses is a “weak” recommendation.

• Th e National Comprehensive Cancer Network (NCCN) guidelines rec-
ommend hormonal therapy as a frontline approach and do not recommend 
combination therapy with HER2 directed agents (127). Th e NCCN supports 
endocrine therapy alone until progression through three sequential agents or 
symptomatic visceral disease, whereupon combination HER2 directed agents 
with chemotherapy is suggested.

 h For ER/PR+ HER2+ MBC, our approach favors using HER2 directed ther-
apy combined with chemotherapy initially, given its clear benefi t in OS with the 
addition of HT after the completion of chemotherapy. For those who will not 
tolerate chemotherapy or who have low volume non visceral disease, HER2 
therapy plus HT can be considered.

Hormone Therapy and HER2 Therapy
TRASTUZUMAB/AI

Th e TAnDEM trial was the fi rst randomized phase III study to combine hor-
monal agents with trastuzumab as treatment for ER/PR+ HER2+ MBC. Th e 
study  demonstrated a PFS benefi t of 2.4 months (4.8 vs. 2.4 months; HR 0.63; 
P = .0016) with trastuzumab in combination with anastrozole compared to anas-
trozole alone; however, OS was not signifi cantly diff erent between the two treat-
ment arms (128).

Th e eLecTRA trial showed a nonsignifi cant 11-month PFS benefi t (14.1 vs. 3.3 
months; HR 0.67; P = .23) when trastuzumab was combined with letrozole com-
pared to letrozole alone, Clinical benefi t rate was 39% for letrozole compared to 65% 
 letrozole and trastuzumab (odds ratio 2.99, 95% CI 1.01–8.84). However, there was 
no diff erence in OS (129). Th is trial was hampered by slow accrual and had to be 
closed prematurely; thus, it did not have appropriate power for OS determination.

Another trial that compared the combination of lapatinib and letrozole to letro-
zole alone showed an increased PFS (8.2 vs. 3.0 months; HR 0.71; P = .019) but did 
not report OS (130).

HER2 Blockade and Chemotherapy
Trastuzumab is a bioengineered humanized monoclonal antibody against the extra-
cellular domain of the HER2 protein in preclinical models trastuzumab inhibited 
tumor growth when used alone but also had synergistic or additive eff ects when 
combined with several chemotherapy agents (cisplatin, carboplatin, docetaxel, 
doxorubicin, cyclophosphamide, methotrexate, and paclitaxel). Th is promising 
preclinical data led to a pivotal trial (1995–1997) in women with MBC with HER2, 
2+ and 3+ tissue expression by IHC; women were randomized to chemotherapy 
alone (AC or paclitaxel) or chemotherapy + trastuzumab. Treatment with trastu-
zumab was associated with a signifi cantly higher rate of overall response (50% vs. 
32%, P < .001), longer duration of response (median, 9.1 vs. 6.1 months; P < .001), 
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and a longer time to treatment failure (median, 6.9 vs. 4.5 months; P < .001). Treat-
ment with trastuzumab was also associated with a lower risk of death at one year 
(22% vs. 33%; P = .008). Based on the results of this study trastuzumab was FDA 
approved in September 1998 as fi rst-line therapy in combination with paclitaxel 
and as single agent for those who received ≥1 chemotherapy regimens for MBC. 
Dako’s Hercep tissue test was approved simultaneously to identify patients with 
HER2+ MBC (131,132). 

Dual HER2 Blockade With Chemotherapy
Pertuzumab blocks the dimerization of the HER family molecules that activate 
the downstream signaling cascade and signals the immune system to initiate anti-
body-mediated cytotoxicity. A new standard of care in HER2 MBC was defi ned in 
2012 when pertuzumab obtained FDA approval in combination with trastuzumab 
and docetaxel as fi rst-line treatment of MBC.

CLEOPATRA WITH DOCETAXEL (THP)

Phase III trial evaluated pertuzumab + docetaxel + trastuzumab versus the control 
of docetaxel + trastuzumab alone in 808 women with HER2+ MBC. Patients were 
treated with trastuzumab (8 mg/kg loading dose, then 6 mg/kg IV) and docetaxel 
(75 mg/m2 IV) and randomized to pertuzumab (840 mg loading dose, then 420 
mg) or placebo (123). Treatment was administered every 3 weeks until PD or intol-
erable side eff ects. If side eff ects developed, the docetaxel could be stopped and 
the trastuzumab + pertuzumab continued until progression of disease (PD). Th e 
addition of pertuzumab increased PFS from 12.4 to 18.7 months (HR 0.62, 95% 
CIs [0.51, 0.75]) and OS from 40.8 to 56 months (HR 0.68; P < .001) (123,133). Th e 
addition of pertuzumab was very well tolerated with a mild increase in diarrhea, 
rash, pruritus, and upper respiratory infections, and the rate of cardiac dysfunction 
was less than 2% in each arm (123,133).

 h The combination of pertuzumab, trastuzumab, and docetaxel has become 
the new standard fi rst-line treatment for HER2+ MBC.

PACLITAXEL, TRASTUZUMAB, AND PERTUZUMAB

A phase II single-arm study evaluated weekly paclitaxel 80 mg/m2 with standard 
dose every 3 weeks and trastuzumab and pertuzumab as fi rst-line therapy in 
patients with metastatic disease. Th e PFS was 24.2 months and well tolerated (134).

Kadcyla/TDM1/Ado-Trastuzumab Emtansine
Kadcyla/TDM1/Ado-trastuzumab emtansine is an antibody drug conjugate of a 
microtubule inhibitor DM-1 bound by a thioester linker to trastuzumab.

TH3RESA study was a phase III study of ado-trastuzumab emtansine ver-
sus TPC for HER2+ MBC as third-line therapy in patients already treated with 
 trastuzumab and lapatinib. TH3RESA showed that ado-trastuzumab emtansine 
resulted in an improvement in PFS (median 6.2 vs. 3.3 months; P < .0001) (135). 
Th e treatment was better tolerated with a lower incidence of grade 3 or worse 
adverse events with only an increase in grade 3 thrombocytopenia as compared to 
physician choice chemotherapy (5% vs. 2%) (135).
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EMILIA study was a phase III trial that compared ado-trastuzumab emtansine 
at 3.6 mg/kg IV with lapatinib 1,250 mg orally + capecitabine 1,000 mg/m2 twice 
daily for days 1 to 14 for second-line therapy. Th e ado-trastuzumab emtansine 
arm had a 4-month improvement in PFS of 10 versus 6 months (HR 0.65, 95% 
CIs [0.55, 0.77]) (136). Ado-trastuzumab emtansine resulted in better quality of 
life with lower rates of diarrhea (2% vs. 21%) and hand–foot syndrome (0% vs. 
16%) (136). Increased rates of thrombocytopenia (13% vs. 0.2%) and elevated 
liver function enzymes (7% vs. 2%) were observed with ado-trastuzumab emtan-
sine (136).

MARIANNE trial: Ado-trastuzumab emtansine was evaluated as fi rst-line ther-
apy for MBC. Th e phase III MARIANNE trial failed to show superiority of the 
ado- trastuzumab emtansine compared to trastuzumab/taxane or ado-trastuzumab 
emtansine/pertuzumab combination. Th e PFS for the three arms ranged from 13.7 
to 15.2 months with ORR from 60% to 68% (137).

 h Based on the positive results of the EMILIA study for second-line 
therapy and the negative results of the MARIANNE trial for fi rst-line therapy, 
 Kadcyla/TDM1/ado-trastuzumab emtansine has become standard treatment for 
 second-line HER2+ MBC.

Lapatinib
Lapatinib is a potent and reversible inhibitor of the adenosine triphosphate (ATP) 
binding site at the tyrosine kinase domain of HER2 and became FDA approved as a 
second-line therapy option for HER2+ MBC in 2007 based on the EGF100151 study.

EGF100151 study was a large phase III trial that randomized women with 
HER2+ MBC who had progressed aft er an anthracycline, taxane, and trastu-
zumab to a combination of capecitabine 2,000 mg/m2 on days 1 to 14 of a 21-day 
cycle + lapatinib 1,250 mg daily or capecitabine alone at 2,500 mg/m2 on days 1 
to 14 of a 21-day cycle. An interim analysis strongly favored the combination arm 
with an HR of 0.49 in TTP (P < .001) (138). Th e median TTP was 8.4 versus 4.4 
months with an ORR of 22% versus 14% with the combination versus capecit-
abine alone group (P = .09) (138). Given these results, the study was halted early. 
A fi nal survival analysis failed to show statistically signifi cant improvements 
in survival (64 vs. 75 weeks, HR 0.87; P = .21), although there was signifi cant 
crossover to lapatinib (139). Aft er adjusting for crossover, analysis showed a 20% 
lower risk for death for patients treated with lapatinib + capecitabine (HR, 0.80; 
P = .043) (139).

As mentioned in this section, capecitabine and lapatinib remain third-line ther-
apy, as the EMILIA study showed that the ado-trastuzumab emtansine arm had a 
4-month improved PFS of 10 versus 6 months (HR 0.65, 95% CIs [0.55, 0.77]) with 
a better toxicity profi le (136).

CNS METASTASES

Capecitabine and lapatinib are small molecules that cross the blood brain barrier.
Th e LANDSCAPE study was a phase II study that showed a 65% partial 

response of brain metastases in patients receiving lapatinib + capecitabine prior to 
whole brain radiation as a systemic therapy and a median TTP of 5.5 months (140).
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Currently studies are looking at other approaches to treatment of HER2+ CNS 
disease. PATRICIA trial (NCT02536339) is a phase II study looking at pertuzumab 
+ high-dose trastuzumab aft er progression in the CNS post radiotherapy (141).

Another study (NCT02048059) is looking at GRN1005, a novel peptide–drug 
conjugate composed of paclitaxel covalently linked to a peptide, angiopep-2, that 
targets the low-density lipoprotein receptor-related protein 1 in treatment of CNS 
disease in breast cancer patients with recurrent CNS metastases and leptomenin-
geal disease (142).

 h Based on currently available data, we recommend lapatinib + capecit-
abine as third-line therapy for HER2+ MBC, but will consider using lapatinib + 
capecitabine as an earlier treatment if CNS metastases are present.

CONTINUED HER2 BLOCKADE BEYOND PROGRESSION

Continued HER2 blockade beyond progression is common practice. Trastuzumab 
and nonanthracycline chemotherapies (eribulin, vinorelbine, gemcitabine, and 
taxanes) may be combined despite previous progression on trastuzumab with con-
tinued benefi t. Trastuzumab beyond progression was evaluated prospectively in 
multiple studies as well.

HERMINE STUDY

A French observational study in subset analysis evaluated 177 patients who pro-
gressed while on fi rst-line treatment with trastuzumab. 107 patients remained on tras-
tuzumab beyond progression while in 70 patients trastuzumab was discontinued. Th e 
study found signifi cant improvement in outcomes in the women who remained on 
trastuzumab (OS of 27.8 vs. 16.9 months; P < .001) and longer median OS time from 
the date of progression (21.3 vs. 4.6 months; P < .001) (143). Of note, the women not 
receiving trastuzumab at progression seemed to have worse prognostic factors, but an 
exploratory subgroup analysis controlling for such imbalances continued to identify 
trastuzumab beyond progression as providing signifi cant clinical benefi t (143).

GERMAN BREAST GROUP AND BREAST INTERNATIONAL GROUP

Trastuzumab beyond progression was evaluated prospectively by the German Breast 
Group and Breast International Group and compared capecitabine to capecitabine + 
trastuzumab. Th e analysis showed improvement in TTP of 8.2 versus 5.6 mos favor-
ing the capecitabine + trastuzumab group with an unadjusted HR of 0.69 (95% CIs 
[0.48, 0.97]; two-sided log-rank P = .0338) (144). ORR (27.0% vs. 48.1%; odds ratio, 
2.50; P = .0115) and OS rates (20.4 vs. 25.5 mos; P = .257) favored the capecitabine 
+ trastuzumab group with no increase in toxicity (144).

 h For patients who will tolerate further chemotherapy, at progression we 
recommend the combination of trastuzumab with nonanthracycline single agent 
chemotherapy. Vinorelbine, eribulin, paclitaxel, docetaxel, and gemcitabine 
have been combined with trastuzumab in refractory HER2+ disease.

French cohort study LHORA described the clinical features of patients with 
HER2+ MBC who were long-term responders to fi rst-line trastuzumab without 
further disease progression (145). Th is study illustrates that a subset of patients 

https://clinicaltrials.gov/ct2/show/NCT02536339
https://clinicaltrials.gov/ct2/show/NCT02048059
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with HER2+ MBC achieve excellent disease stability while on maintenance 
 trastuzumab with acceptable toxicity profi le. Th is was a multicenter, noninterven-
tional study conducted in 57 centers in France. Eligible patients were women with 
HER2+ metastatic or locally advanced breast cancer, treated with fi rst-line therapy, 
and progression-free for ≥3 years aft er starting trastuzumab. In total, 128 patients 
were included in this analysis; the median age was 61 years (34,35,37–61,63–71,
73–90,92–96,98–100), and 58% were ER/PR+. Th e median duration of fi rst-
line trastuzumab was 4.5 years (0.8–12.10); median PFS was 6.4 years (5.7; not 
reached); no trastuzumab deaths were seen (145).

DUAL BLOCKADE WITHOUT CHEMOTHERAPY

Many patients cannot tolerate chemotherapy. Dual HER2 blockade without che-
motherapy has been tested in multiple scenarios.

TRASTUZUMAB AND LAPATINIB

EGF104900 is a phase III study that demonstrated that lapatinib + trastuzumab 
signifi cantly improved PFS and CBR versus lapatinib monotherapy (146). Patients 
(N  =  291) with HER2+ MBC whose disease progressed during prior trastuzum-
ab-based therapies were randomly assigned to receive lapatinib monotherapy or 
lapatinib and trastuzumab. Lapatinib and trastuzumab dual anti-HER2 therapy 
without chemotherapy showed superiority to lapatinib monotherapy in PFS (11 vs. 8 
weeks) (HR 0.74; P = .011) and off ered signifi cant OS benefi t (14 vs. 9 mos) (HR 0.74; 
P = .026), despite signifi cant crossover in the study. Absolute improvements in OS 
rates were 10% at 6 months and 15% at 12 months in the combination arm compared 
to the monotherapy arm. Multiple baseline factors including PS, nonvisceral disease, 
and limited metastatic sites were associated with improved OS. EGF104900 revealed 
a signifi cant, 4.5-month median, OS advantage with the combination therapy and 
supports dual HER2 blockade in patients with heavily pretreated HER2+ MBC.

Trastuzumab and Pertuzumab Without Chemotherapy
A single-arm phase II trial was done to assess the effi  cacy and safety profi le of the 
combination in patients with HER2+ MBC whose disease had progressed during 
prior trastuzumab-based therapy (147). Th e objective response rate was 24.2% and 
the CBR was 50% (7.6% CR, 16.7% PR, and 25.8% stable disease of ≥6 months). 
Median PFS was 5.5 months. Overall, the combination of pertuzumab and trastu-
zumab was well tolerated and active, and adverse events were mild to moderate; 
there were no withdrawals as a result of cardiac-related adverse events.

Other Targets With Anti-HER2 Therapy
Preclinical data show that mTOR inhibition sensitizes PTEN defi cient tumors and 
therefore reverses trastuzumab resistance via the hyperactivated PIK/AKT/mTOR 
pathway. Th e BOLERO-1 study was done to clinically test this concept.

BOLERO-1 (NCT00876395) was a phase III, randomized, double-blind, mul-
ticenter study of the combination of everolimus 10 mg daily and weekly trastu-
zumab and paclitaxel 3 out of 4 weeks as fi rst-line treatment for patients with 
HER2+ MBC. In all patients, median PFS was not statistically diff erent between 
the treatment arms, 14.95 months (95% CIs [14.55, 17.91]) with everolimus  versus 

https://clinicaltrials.gov/ct2/show/NCT00876395
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14.49 months with placebo (HR 0.89; P = .1166) (148). In the HR negative sub-
population (n = 311), median PFS with everolimus was 20 months compared to 13 
months with placebo (HR 0.66; P = .0049); however, the protocol-specifi ed signifi -
cance threshold (P = .0044) was not crossed.

Th e most common adverse events with everolimus were stomatitis (67% vs. 
32%) and diarrhea (57% vs. 47%) (148).

 h MANAGEMENT PEARLS—HER2+ MBC

1. Th e combination trastuzumab/pertuzumab/docetaxel is recommended as 
fi rst-line therapy. Ado-trastuzumab emtansine is second-line therapy and 
lapatinib with capecitabine is the third-line treatment option for HER2+ 
disease.

2. Aft er failure of the previous treatments, it is acceptable to off er treatments 
with other single agent chemotherapy and trastuzumab.

3. Dual HER2 blockade with lapatinib and trastuzumab or trastuzumab and 
pertuzumab without chemotherapy has been associated with clinically 
meaningful responses and survival benefi t and can be considered when 
chemotherapy is not indicated or declined by the patient.

4. ER/PR+ HER2+ patients may have endocrine therapy combined with 
anti-HER2 therapy in the absence of chemotherapy.

5. Lapatinib and capecitabine are small molecules and cross the blood–brain 
barrier. In the presence of CNS metastasis, capecitabine and lapatinib may 
be considered earlier in the course of therapy.

6. A higher than standard dose of trastuzumab is being tested in a phase II 
PATRICIA trial (NCT02536339) in patients with HER2+ MBC with CNS 
involvement.

Antiresorptive Therapy for Bone Metastases
Metastatic disease to bones is very common for many cancer types, yet the inci-
dence of bone disease is highest for patients diagnosed with breast cancer. Between 
70% and 80% of women diagnosed with MBC will have bone involvement and it is 
the fi rst site of metastatic disease in approximately 40% of women (149). Coupled 
with the fact that patients with bone only metastases tend to have longer survival 
and bone metastases may be associated with signifi cant morbidity, bone metastases 
present a diverse challenge in the treatment of MBC. Favorable prognostic factors 
include low grade, ER-positivity, prolonged DFS, and lack of additional sites of 
disease (150).

Bone metastases disrupt the normal homeostasis between bone formation and 
resorption by promoting osteoclast maturation and activity and increased bone 
resorption; this may lead to the development of skeletal-related events (SREs) (151). 
SREs are defi ned as fractures, spinal cord compression, need for surgery and/or 
radiation to relieve symptomatic disease, and hypercalcemia of malignancy. Th e 
use of osteoclast inhibitors (OIs) in MBC patients with bony metastases is crucial 
to prevent SREs (149,152).

https://clinicaltrials.gov/ct2/show/NCT02536339
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Studies have shown that despite the wide availability of OIs, a large proportion 
of patients do not receive these treatments (153,154). Studies indicate, on average, 
it takes about 7 months from diagnosis of bone metastases to development of the 
fi rst bone complication if the patient is not treated with an OI (155). Bone pain is 
not always a reliable indicator to assess the risk of bone complications in patients 
untreated with an OI. In a retrospective analysis of patients not treated with an OI, 
the same percentage of patients without bone pain at baseline experienced one or 
more bone complications compared to patients with bone pain at baseline within 
24 months (nearly 50% in each group) (152).

Th ere are two types of OIs: bisphosphonates (pamidronate and zoledronic acid 
[ZA]) and rank ligand inhibitors (denosumab).

Th e choice of OI is generally based on patient preference (subcutaneous vs. 
IV therapy), frequency of administration, tolerance, and cost.

BISPHOSPHONATE

ZA demonstrated the greatest effi  cacy of the available bisphosphonates. ZA is 
dosed at 4 mg, infused over no less than 15 minutes, every 3 to 4 weeks. Infusion 
time is shorter when compared to pamidronate (2 hours). In placebo-controlled 
trials, ZA eff ectively decreased the risk of SREs in women with bone metastases 
from breast cancer (30% vs. 50%) (156). Recent results indicate that for patients 
who received IV monthly ZA for 1 year or longer, the effi  cacy of continuing ZA 
every 12 weeks was noninferior to every 4-week dosing (157). For patients with 
impaired renal function with a calculated serum creatinine clearance of less than 
60 mg/min, dose reductions are required.

RANK LIGAND INHIBITOR

Denosumab is a monoclonal antibody against receptor activator of nuclear factor 
kappa B ligand (RANKL). For bone metastasis, the recommended dosage is 120 
mg every 4 weeks. Advantages of denosumab include subcutaneous dosing, lack 
of need for renal dosing, and decreased acute-phase reactions (158). Acute-phase 
reactions (fl u-like symptoms) occur almost three times more frequently with ZA 
than with denosumab (159).

Compared to ZA, denosumab has been shown to result in a greater reduction in 
risk of SREs. Th ese results were demonstrated in a meta-analysis of three phase III 
trials comparing the two agents (160). Denosumab reduced SRE by 17% (HR 0.83; 
P < .001) with median time to fi rst event of 27.6 versus 19.5 months (160). However, 
given the diff erence in cost and no diff erence in OS or PFS, many continue to use ZA.

Serious adverse events associated with all antiresorptive agents are hypocalce-
mia and osteonecrosis of the jaw (ONJ). Th e antiresorptive agents inhibit osteo-
clastic bone resorption and reduce skeletal calcium release into circulation. With 
calcium supplementation, the risk of hypocalcemia is reduced from 27% to 40% 
(161). Th erefore, supplemental calcium is recommended for patients receiving 
these agents for bone metastasis.

Th e other rare but serious complication from antiresorptive therapy is ONJ. In 
trials comparing ZA and denosumab, less than 2% of patients developed this com-
plication and the diff erence was not statistically diff erent between the two classes 
(162). All patients should receive a dental examination and appropriate preventive 
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dentistry before bone-modifying agent therapy and maintain optimal oral health. 
In addition, all patients should be counseled to follow up with a dental provider 
at regular intervals during therapy to ensure oral health is maintained. ONJ was 
documented as early as 4 months aft er starting therapy and up to 30 months aft er 
the fi rst dose of drug; the median time of drug exposure prior to the development 
of ONJ was 14 months with both ZA and denosumab (162). It is essential to assess 
vitamin D levels before starting OIs and to prescribe appropriate supplementation 
(1,000 IU daily) (163,164).

Bony metastases signifi cantly impact quality of life; therefore, MBC patients 
should be off ered OI therapy at diagnosis with bone metastases. Patients should be 
carefully monitored for side eff ects of these therapies.

LOCAL–REGIONAL THERAPY FOR MBC

Surgical resection and radiation of the primary tumor in patients with stage IV 
breast cancer is controversial. Historically, systemic therapy is the mainstay of 
treatment and surgery has generally been reserved for palliation of symptomatic 
primary tumors. However, given that improvements in systemic therapy have 
translated into a large portion of patients being alive several years aft er treat-
ment, there has been renewed interest in local–regional treatment for patients 
with MBC. While the success of surgical resection of the primary tumor and 
limited metastatic disease in other cancers, including colorectal carcinoma (165) 
and renal cell carcinoma (166), is well documented and results of retrospective 
studies in breast cancer demonstrate a survival advantage with surgery, there is 
signifi cant selection bias inherent in these studies (167). Until additional results 
from randomized clinical trials are available, surgery and radiation therapy 
(RT) in patients with MBC should be considered in the context of a multidisci-
plinary treatment plan or for palliation in patients with progressive, symptomatic
disease. 

Retrospective Data
Multiple retrospective institutional and large database series have been published 
documenting a survival benefi t for local therapy in patients with MBC (Table 6.2). 
Th e majority of the early series focused on the use of surgery; however, more recent 
series also included breast conserving surgery (BCS) and RT alone (173–175). A 
recently published meta-analysis of 15 case series found that local therapy was asso-
ciated with improved survival (HR 0.69; P < .001), independent of age, tumor bur-
den, type of surgery, margin status, site of metastases, HR status, and HER2 status 
(176). However, caution is warranted in widespread adoption of local treatment for 
patients with MBC based on several factors: (a) limitations of retrospective stud-
ies, including patient selection bias, (b) lack of distinction in most studies of when 
metastatic disease was identifi ed (pre- or postlocal therapy), (c) identifi cation of the 
optimal sequence of therapies, and (d) early preclinical animal  models suggesting 
that local therapy can lead to an accelerated growth of metastatic disease (177,178).

A matched pair analysis examining the records of stage IV breast cancer patients 
from Massachusetts General Hospital and Brigham and Women’s Hospital showed 
that case matching reduced or eliminated the apparent survival benefi t associated 
with surgery (179).
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Two large database analyses using data from the National Cancer Database 
(NCDB) and the SEER database demonstrated a survival benefi t in patients with 
stage IV breast cancer who underwent surgical resection. Th e NCDB analysis eval-
uated survival in 16,023 breast cancer patients with stage IV disease. Th is study 
showed that surgical resection of the primary tumor with partial mastectomy 
(3,513 patients, median OS 26.9 months) or total mastectomy (5,649 patients, 
median OS 31.9 months) resulted in a survival advantage compared to patients 
who did not have surgery (6,861 patients, median OS 19.3 months), P < .0001 
(180). Th e SEER database analysis examined outcomes in 9,734 patients with stage 
IV breast cancer. Patients who had surgery had a signifi cant improvement in OS 
compared to patients who did not have surgery, aft er controlling for variables asso-
ciated with survival (181).

Trials Evaluating Surgical Removal of the Primary Tumor
At the 2013 San Antonio Breast Cancer Conference, the results from two random-
ized clinical trials examining the role of surgical removal of the primary tumor in 
patients with stage IV breast cancer were presented. Th e primary end point for 
both trials was OS; on initial reporting, both showed no survival advantage for 
patients undergoing surgical resection.

Th e fi rst trial, which was conducted at the Tata Memorial Centre in Mumbai, 
India (ClinicalTrials.gov ID NCT00193778), enrolled 350 patients with de novo 
MBC. Patients received induction chemotherapy and were then randomized to 
local–regional therapy or no local–regional therapy for the primary tumor. With 
a median follow-up of 23 months, there was no reported diff erence in median OS 
between the groups, 19.2 months in the local and systemic treatment group versus 
20.5 months in the systemic treatment group (HR = 1.04; 95% CIs [0.81, 1.34]) 
(182). In addition, no signifi cant diff erences in survival were seen between groups 
in the planned subset analyses including menopausal status, visceral versus bone 

Table 6.2 Retrospective Studies Examining the Association of Surgery 
and Survival in Stage IV Breast Cancer

Study
Number of 
patients

Dates of 
treatment

Surgery
Y—yes
N—no

Median overall 
survival 
(months) P value

Fields et al 
(168)

409 1996–2005 Y—187
N—222

26.8
12.6

<.0001

Blanchard 
et al (169)

395 1973–1991 Y—242
N—153

27.1
16.8

<.0001

Bafford et al 
(170)

147 1998–2005 Y—61
N—86

42
28

.093

Ruiterkamp 
et al (171)

728 1993–2004 Y—288
N—440

31
14

<.0001

Lang et al 
(172)

208 1997–2002 Y—74
N—134

56.1
37.2

.002

https://clinicaltrials.gov/ct2/show/NCT00193778
http://ClinicalTrials.gov
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metastases, >3 versus 1 to 3 metastases, and hormone receptor or HER2 status. 
Th e authors acknowledge several limitations, including the lower than expected 
survival for both groups, and minimal use of adjuvant HT (7% of eligible patients) 
and HER2 directed therapy (2% of eligible patients) (182).

Th e second trial (ClinicalTrials.gov ID NCT0055986), presented at interim 
analysis, was conducted by the Turkish Federation of Breast Diseases Societies and 
randomized 278 patients to either surgery fi rst followed by systemic therapy or 
systemic therapy alone (183,184). With a mean follow-up of 21 months, no signif-
icant diff erence in survival was reported (35% in the surgery group vs. 31% in the 
systemic group, P = .24). However, on subset analysis an improvement in OS was 
shown for patients in the local therapy group with a solitary bone metastasis.

Prospective trials are ongoing in the United States/Canada (ECOG 2108/
RTOG 1173), Japan (185), Th ailand, and Australia. We await the results of the 
recently closed ECOG/RTOG trial, in which women without progressive disease 
16 to 32 weeks aft er initial systemic chemotherapy were enrolled and randomly 
assigned to local–regional therapy versus continuation of systemic therapy. Th e 
primary end point is OS with secondary outcomes including PFS and quality of life 
(QoL). While the Japanese study will also test the benefi t of local therapy aft er sys-
temic treatment, the trials in Th ailand and Australia will mirror the Turkish study 
and perform local therapy prior to initiation of systemic therapy.

Until further reporting from prospective clinical trials, our decision to off er 
local–regional surgery and RT in the MBC setting is made on an individualized 
basis aft er discussion in multidisciplinary conference. Factors used in our decision 
process include age, PS, systemic disease burden, and response to initial systemic 
therapy. Th e goal of local–regional therapy in these women is to reduce the risk of 
local–regional recurrence, as well as to potentially provide a survival benefi t.

For those thought most likely to benefi t from local–regional therapy, the guide-
lines for choosing between BCS and mastectomy are similar to those for  early-stage 
disease. Whole breast RT is off ered following BCS and the decision to treat the 
regional lymphatics following BCS mirrors that for nonmetastatic disease. For 
patients with MBC treated with mastectomy, local–regional radiation is off ered if 
there are positive margins, LN-positive disease, and/or initial T4 disease. We prefer 
to off er shorter courses of radiation for patients with metastatic disease. Th erefore, 
for patients in which we recommend whole breast RT only, we strongly prefer use 
of a hypofractionated regimen (40–42.5 Gy in 15–16 fractions) (186) with con-
sideration of a boost for patients with positive margins and young patients. When 
treating the breast and regional nodes, we prefer comprehensive breast and nodal 
RT with standard fractionation (40 in 15 fractions). For patients who are not sur-
gical candidates, we treat gross disease to a radiobiologic equivalent dose of 70 Gy.

OLIGOMETASTATIC DISEASE IN MBC

Oligometastatic disease refers to the presence of metastatic disease at a limited 
number of sites, either at initial presentation (synchronous) or aft er defi nitive 
therapy (metachronous). Advances in detection of metastatic lesions using high 
resolution CT and MRI, along with the routine use of PET, have allowed for more 
defi nitive identifi cation of metastatic disease and patients with oligometastatic dis-
ease. Local therapy with surgical metastasectomy or RT to oligometastatic sites can 

https://clinicaltrials.gov/ct2/show/NCT0055986
http://ClinicalTrials.gov
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potentially increase the progression-free interval by removal or ablation of residual 
disease and neoplastic clones resistant to systemic therapies (187). Advances in 
delivery of radiation have allowed for more aggressive treatments (ie, higher doses 
of radiation) with rapid dose drop-off , resulting in reduced dose to nearby normal 
tissues and lower risk of toxicities.

Single fraction high-dose ablative radiation treatment, termed stereotactic 
radiosurgery (SRS), was pioneered for small intracranial lesions. Th is concept 
has been advanced to the treatment of extracranial lesions with stereotactic body 
radiotherapy (SBRT) with typical regimens containing one to fi ve fractions. SRS 
and SBRT to oligometastatic sites allow for short course treatments and can be 
performed prior to or interdigitated with systemic therapy, which remains the cor-
nerstone of treatment. High-dose ablative RT is also hypothesized to have addi-
tional immune-mediated eff ects, which may become more pronounced with the 
increasing use of immunomodulatory agents (188).

In patients with oligometastatic disease, improved outcomes are generally seen 
in patients with good response to systemic treatments, fewer and smaller metasta-
ses, lack of intracranial disease, and metachronous lesions with long disease-free 
intervals (189). Specifi c to breast cancer, improved outcomes are seen in female 
patients with ER-positive disease, bone only metastases, and single metastases 
(190). Th e University of Rochester investigators published a retrospective pooled 
analysis of women with oligometastatic disease and reported a 4-year actuarial OS 
of 59%, PFS of 38%, and local control of 89% (190). To directly test whether abla-
tive therapy to oligometastases in breast cancer improves survival, the NRG has 
an open phase IIR/III protocol (NRG-BR002) for the use of SBRT in breast cancer 
with ≤2 metachronous metastatic sites. If PFS is improved with local therapy, the 
trial will expand patient numbers and test whether local therapy improves OS. A 
current phase I trial (NRG-BR001) is assessing the safety of SBRT for up to four 
metastatic lesions.

Similar to the data on stereotactic radiotherapy, there are case series of surgical 
metastasectomy. Surgery is generally reserved for patients who respond to systemic 
therapy, who have control of other sites of metastatic disease, and in whom an R0 
resection can be achieved.

Hepatic resection for breast cancer metastases has been examined in multiple 
single-institution studies with 5-year survival rates ranging from 18% to 61% (191). 
Th e largest series reported in the literature evaluated patients treated at the Paul 
Brousse Hospital in France from 1984 to 2004 (192). A total of 85 patients with 
MBC underwent hepatic resection. Th e majority of patients received systemic ther-
apy prior to surgery. At a median follow-up of 38 months, the median survival aft er 
surgery was 32 months and the 5-year survival was 37%. Factors associated with 
poor survival on multivariable analysis were lack of response to preoperative sys-
temic therapy, R2 resection, and lack of repeat surgery for recurrent hepatic disease.

Other emerging liver-directed therapies are being used in patients with unre-
sectable MBC with liver metastases. Th e two primary therapies we use include 
 transarterial chemoembolization (TACE) and selective internal radiation (SIRT). 
Th ese were initially used in primary liver malignancies and metastatic colorec-
tal cancer, but are being more widely used in breast cancer. In 208 patients with 
MBC with unresectable hepatic metastases treated with TACE, response was 
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 demonstrated in 63.5% of patients with median survival of 18.5 months (193). 
Coldwell et al investigated the use of Yttrium-90-based SIRT in patients with che-
morefractory MBC with unresectable liver metastases in 44 patients. CT response 
was demonstrated in 47% and PET response in 95% of patients with improved 
survival in responders (194).

PULMONARY METASTASIS RESECTION

Studies examining resection of pulmonary metastases in patients with stage IV 
breast cancer report 5-year survival rates ranging from 27% to 54% and median 
survival of 35 to 97 months (191). Data from the International Registry of Lung 
Metastases on 467 women with MBC who underwent surgical resection of lung 
metastases showed a median survival of 37 months and 5-year, 10-year, and 15-year 
survival rates of 38%, 22%, and 20% in patients who underwent complete resection 
(195). Factors associated with increased survival in these patients included a long 
disease-free interval and RO resection.

In clinical practice, identifi cation of patients who are likely to benefi t from sur-
gical or ablative therapies remains challenging. We currently evaluate these cases 
individually and, if possible, prefer enrollment in a clinical trial examining this 
treatment paradigm. Our preference is to discuss patients in a multidisciplinary 
setting and off er clinical trials to eligible patients. Decisions are based on patient 
and disease characteristics, which have retrospectively been shown to impact 
patient outcomes with aggressive therapy.

CENTRAL NERVOUS SYSTEM DISEASE AND CORD COMPRESSION

CNS Disease
Th e occurrence of brain metastases in women with breast cancer has risen in 
recent years and may occur in up to 10% to 15% of all women diagnosed (196). 
Th e increase is likely due to improvements in cancer treatments and supportive 
care measures along with increased resolution and use of MRI. Risk factors for the 
development of brain metastases in breast cancer include younger age, increased 
nodal disease burden, higher grade tumors, larger primary tumor size, HER2 
 positivity, and ER-negativity. Triple-negative patients appear to be at particularly 
high risk.

Recently, a breast cancer-specifi c graded prognostic assessment (GPA) was 
generated to aid in prognosis for patients with brain metastases. Improved out-
comes were seen in patients with high Karnofsky performance status (KPS), 
younger age, HER2 positivity, and ER/PR-positivity. Based on these factors, 
median survival can range from 3.4 months to 25.3 months (Table 6.3) (197).

Because of the heterogeneity in which patients present with brain metastases, 
treatment decisions are based on a number of factors including presence of neuro-
logical symptoms, concern for herniation, number and size of metastases, extent of 
extracranial disease, PS, and patient preference. Traditional treatment approaches 
include surgery and adjuvant radiation or radiation alone, which can include a 
combination of whole brain radiotherapy (WBRT) and SRS. Th ere is growing con-
troversy regarding the use of WBRT for patients with limited intracranial disease, 
particularly a solitary lesion.
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Surgery for Brain Metastasis
Surgical resection of brain metastases is useful in many scenarios, including 
relief of mass eff ect, to improve local control, to confi rm diagnosis, and as sal-
vage treatment in previously treated patients. Of patients with brain metastases, 
approximately 30% are surgical candidates (minimal number of brain metastases 
in favorable locations with good PS) (198). In an eff ort to improve upon out-
comes of WBRT alone, Patchell et al randomized 48 patients with solitary brain 
metastases to WBRT plus biopsy alone versus WBRT plus surgical resection. 
Of the initial 56 patients evaluated, 6 (11%) were found to have nonmetastatic 
lesions (primary brain tumors or abscess/infl ammation). Patients who under-
went surgical resection had improved local control (80% vs. 48%), functional 
independence (9 vs. 2 months), and median OS (9 vs. 3 months) compared to 
WBRT alone (199). In an attempt to decrease the role for WBRT, a subsequent 
study randomized patients with a solitary metastasis to resection with or without 
WBRT. Th e addition of WBRT decreased the risk of local failure (10% vs. 46%), 
any brain recurrence (18% vs. 70%), and neurological death (14% vs. 44%) but 
there was no OS benefi t (200).

Radiation for Brain Metastasis
SRS

For brain metastases treated with SRS alone, local control is approximately 70% 
to 80% and in-brain progression is approximately 60% to 70%. Local control for 
patients treated with WBRT and SRS is improved to 90+% and in-brain  progression 
decreases to 30% to 40% (201). A retrospective analysis of 132 consecutive breast 
cancer patients treated with SRS for brain metastases at Massachusetts General 
Hospital demonstrated that CNS progression was associated on multivariate 

Table 6.3 Diagnosis-Specifi c Graded Prognostic Assessment 

Factor

Points

0 0.5 1.0 1.5 2.0

KPS ≤50 60 70–80 90–100 –

Subtype Basal (triple 
negative)

– Luminal A HER2+ Luminal B

Age ≥60 <60

GPA score Median overall survival (months)

0–1.0 3.4

1.5–2.0 7.7

2.5–3.0 15.1

3.5–4.0 25.3

GPA, graded prognostic assessment; KPS, Karnofsky performance status.
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 analysis with omission of WBRT and triple-negative and luminal B subtypes. Fac-
tors signifi cantly associated with OS on multivariate analysis were KPS, progressive 
extracranial disease, and triple-negative subtype, but not the addition of WBRT 
(202). Memorial Sloan Kettering retrospectively reviewed breast cancer patients 
with one to three brain metastases treated with SRS alone and reported median 
OS of 17.6 months with a local failure rate of 10% and in-brain failure rate of 45% 
at 1 year. On multivariate analysis, OS was impacted by triple-negative receptor 
status, active extracranial disease, and KPS (203). While these reports are biased 
due to their retrospective nature, they do suggest that SRS alone must be used with 
particular caution in patients with triple-negative subtype and active extracranial 
disease. Also, patients treated with SRS alone for breast cancer brain metastases 
require close surveillance.

WBRT ALONE

WBRT has been used extensively in the treatment of brain metastases for over 
50 years. Initial studies in the 1960s and 1970s documented improvement in sur-
vival compared to no treatment. Modern reports on the use of WBRT show local 
control rates of 50% to 70% and distant brain failure of 20% (80% brain control 
at 1 year) (204). Modern fractionation schedules of radiation include 30 Gy in 10 
fractions and 37.5 Gy in 15 fractions. Because larger fraction sizes can be associated 
with worse long-term cognitive toxicities, it is our preference to perform 37.5 Gy in 
15 fractions, when patients have good PS and control of systemic disease.

 h MANAGEMENT PEARLS FOR BRAIN METASTASES

Our institutional practice is to tailor treatments based on patient and dis-
ease characteristics.

1. For patients with large lesions that are symptomatic or associated with 
signifi cant edema or mass eff ect, we recommend initial surgical resection 
followed by adjuvant WBRT.

2. Patients with limited systemic disease burden, 1 to 4 brain metastases, and 
good PS are candidates for WBRT and/or SRS. Typically, we administer 
37.5 Gy in 15 fractions WBRT and utilize the SRS dose scheme per RTOG 
9508 except for tumors <2 cm, where we use 20 Gy (196).

3. If patients are not candidates for frame-based radiosurgery, our insti-
tutional preference is to perform LINAC-based frameless fractionated 
stereotactic radiotherapy with three fractions to a total dose of 27 Gy 
(maximal diameter 2 cm), 24 Gy (2–3 cm), and 21 Gy (3–4 cm).

4. For patients with diff use intracranial disease and/or a poor PS, our initial 
treatment of choice is WBRT, oft en 30 Gy in 10 fractions, although 20 Gy 
in 5 fractions is a good option for particularly poor performers.

5. In those patients with a modest PS who improve aft er WBRT, we will 
oft en consolidate larger lesions with SRS in an eff ort to prevent local 
recurrence.
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Spinal Cord Compression
Another common problem from metastatic disease that compromises neurological 
function is vertebral body bony metastases that result in spinal cord compression. 
Spinal cord compression is an emergent condition best treated with multimodality 
treatments. Patchell et al randomized patients to radiation versus surgical decom-
pression and subsequent radiation. Patients who received surgery had improved 
functional outcomes with 84% versus 57% able to walk and 122 versus 13 days of 
treatment response (206).

 h We strongly recommend surgical decompression prior to radiation for 
spinal cord compression in operable patients. We typically use 30 Gy in 10 frac-
tions to treat the cord compression with the RT portal including one vertebral 
body above and below the site of disease.

Bone Metastases
RT is an integral component of the treatment of bone metastases and is typically 
indicated for relief of pain. Use of radiation for pain associated with bone metas-
tases results in up to a 70% to 80% RR and resolution of pain in around half of 
patients. Th e benefi t typically starts 1 to 2 weeks aft er treatment and maximal eff ect 
is achieved 6 to 8 weeks aft er treatment. A prospective trial in the United States 
randomized 898 patients to 30 Gy in 10 fractions or 8 Gy in 1 fraction. Th e overall 
response was 66% and comparable between arms. Th ere was more acute toxicity in 
the 30 Gy arm (17% vs. 10%); however, patients treated to 30 Gy required retreat-
ment less frequently (9% vs. 18%) (207).

More recently, several prospective trials have assessed whether shorter courses 
of RT are equivalent to two to three treatments. For patients with MBC, shorter 
schedules allow for quicker reinitiation of systemic therapy and decreased trans-
portation to the hospital. In total, 1,157 patients in the Netherlands with painful 
bone metastases were randomized to receive either 24 Gy in six fractions or 8 Gy 
in a single fraction. Th ere was no statistically signifi cant diff erence in analgesia 
consumption, subjective pain response, toxicities, or quality of life.

 h MANAGEMENT PEARLS FOR BONE METASTASES

1. In our clinical practice, we generally recommend and perform short 
courses of palliative treatment for bone metastases (one fraction).

2. However, we favor more prolonged courses (2 weeks) in areas of retreat-
ment or for patients with long life expectancy with the goal of decreasing 
retreatment.

3. Spine SBRT is typically reserved for breast cancer patients who have failed 
conventional RT.
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Ewa Mrozek, Susan B. Kesmodel, and Katherine H. R. Tkaczuk

INTRODUCTION

Th e incidence of pregnancy-associated breast cancer (PABCa) has been increasing 
during the last few decades because of the rising breast cancer incidence and the 
delay in childbearing to the fourth decade of life (1). PABCa is defi ned as breast 
cancer diagnosed during pregnancy or within 1 year of delivery; however, the pri-
mary diffi  culty in managing these patients occurs when they are diagnosed during 
pregnancy. Pregnant and lactating women should undergo a breast examination 
as part of the routine prenatal examination. All palpable breast masses should 
be evaluated by imaging studies, and biopsy of suspicious masses should be per-
formed without delay. Management of breast cancer during pregnancy requires a 
careful balance between using standard therapies to eff ectively treat the mother 
while minimizing the potential toxicities to the fetus. PABCa should be treated 
according to guidelines for young nonpregnant patients in highly qualifi ed and 
experienced centers (2,3). A multidisciplinary collaboration between the surgical 
oncologist, medical oncologist, radiologist, obstetrician specializing in high-risk 
pregnancies, and perinatologist is required due to concerns for congenital malfor-
mations, eff ects of treatment on fetal growth, preterm delivery, and long-term side 
eff ects from cancer treatments in children.

EPIDEMIOLOGY

Breast cancer, the most common cancer in pregnant women, occurs in approxi-
mately 1 in 3,000 pregnant women (4). It is estimated that 10% of breast cancers 
in women ≤40 years of age are pregnancy-related, and approximately 1 in 5 breast 
cancers diagnosed in women aged 25 to 29 years is associated with a pregnancy (5).

No specifi c risk factors for breast cancer in pregnancy are known. Genetic and 
environmental risk factors are similar to those for age-adjusted breast cancer in the 
general population.

PABCa presents in more advanced stages with larger primary tumors and more 
frequent lymph node involvement when compared to nonpregnant women (6). 
However, the largest cohort study of 313 patients showed that aft er controlling 
for stage, prognostic factors, and adjuvant treatment, the disease-free survival 
and overall survival were similar for patients with breast cancer diagnosed during 
pregnancy compared to nonpregnant patients with breast cancer (7). In contrast, a 
large meta-analysis of 30 studies showed that the diagnosis of breast cancer in the 
postpartum period was associated with signifi cantly poorer outcomes compared to 
diagnosis during pregnancy (8).
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PABCa has more unfavorable histological features: high tumor grade, lower rate 
of hormone receptor expression, and higher rate of HER2 expression (9).

FETAL RISKS DURING PREGNANCY

A maternal fetal medicine consultation and follow-up is necessary to document 
fetal growth and development, as well as fetal age. Consultation should also include 
the review of antecedent maternal risks such as hypertension, diabetes, and com-
plications during prior pregnancies. Estimation of the date of delivery is necessary 
to plan for systemic chemotherapy and breast surgery.

Fetal exposure to chemotherapy in the fi rst trimester, especially during the 
gestational age of 2 to 8 weeks when organogenesis occurs, is associated with an 
increased risk of spontaneous miscarriage, fetal death, and major birth defects (10). 
First-trimester exposure to cytotoxic drugs has been associated with a 10% to 20% 
risk of major malformations (11). Aft er organogenesis, several organs including 
the eyes, genitals, hematopoietic system, and the central nervous system remain 
vulnerable to chemotherapy (12).

Th e use of chemotherapy in the second and third trimesters of pregnancy 
does not increase the risk of fetal malformations, but is associated with intrauter-
ine growth retardation (IUGR), prematurity, lower birthweight, and higher rate 
of stillbirth (13). Th e international registry data, which included 197 pregnant 
women with breast cancer who received chemotherapy during the second and 
third trimesters of pregnancy, showed that chemotherapy in utero lowered birth-
weight, with a slight increase in the incidence of premature deliveries and obstetric 
and neonatal adverse events compared to women who were not treated with che-
motherapy while pregnant (14).

A signifi cantly higher incidence of IUGR observed with chemotherapy given 
during pregnancy indicates a potentially toxic infl uence on placental development 
via incomplete trophoblast invasion into the uterus, resulting in a decreased trans-
fer of nutrients to the fetus (15). Data on transplacental transfer rates of cytotoxic 
drugs are very limited in humans. Animal models indicate that the placenta acts as 
a barrier for the transfer of most chemotherapeutic drugs, reducing fetal exposure 
(16). Ionizing radiation greatly interferes with cell proliferation. Fetal exposure 
and damage can occur during diagnostic imaging studies and therapeutic radio-
therapy. Timing of the exposure to radiation relative to the gestational age of the 
fetus is more important than the actual dose of radiation delivered (17). Radiation 
exposure >0.1 Gy during the fi rst trimester may lead to congenital malformations, 
mental retardation, and increased relative risk of carcinogenesis (18). Th ese risks 
are the reasons that pregnancy is an absolute contraindication to the use of thera-
peutic radiation.

Th e data on long-term outcomes of children exposed to chemotherapy in utero 
are limited, and there are currently no specifi c guidelines for monitoring such chil-
dren (19). A recently published multicenter case–control study showed that prena-
tal exposure to maternal cancer and treatment with chemotherapy did not impair 
the cognitive, cardiac, or general development of children in early childhood (20).

Medical termination of pregnancy may be discussed when a diagnosis of 
PABCa is made early in the pregnancy. Generally, however, we do not recommend 
termination of pregnancy, as in most cases it is acceptable to delay surgery and 



www.manaraa.com

7. BREAST CANCER IN PREGNANCY 225

chemotherapy until the patient is in her second trimester of pregnancy. In some 
cases neoadjuvant chemotherapy can be given to patients in the second or third 
trimester while surgery and radiation are performed aft er delivery. We typically 
recommend delaying chemotherapy until ≥20 weeks of pregnancy. Th e patient 
and her partner should be informed about the diff erent treatment options and the 
physician should explain that termination of pregnancy has not been shown to 
improve the overall outcome of the cancer (21).

CHEMOTHERAPY

Since many pregnant patients present with biologically aggressive and/or large, 
locally advanced tumors, chemotherapy, given either before or aft er breast surgery, 
is oft en required. Unless the woman is diagnosed with breast cancer in the late 
third trimester of pregnancy, postponing chemotherapy treatment until aft er deliv-
ery is not recommended. Data in pregnant young women indicate that delaying or 
postponing chemotherapy might increase the risk of relapse (22).

Th e physiological alterations associated with pregnancy, such as changes in 
plasma volume, serum albumin, increased hepatic and renal clearance, and third 
spacing of drugs in the amniotic sac fl uid, result in lower maximal concentra-
tions of chemotherapy and a lower area under the concentration–time curve (23). 
Th e increased activity of major enzymes involved in the metabolism of taxanes 
and anthracyclines (including cytochrome p450 isoforms, such as CYP3A4 and 
CYP2C8) observed during the late trimesters of pregnancy, can further decrease 
the drug exposure (24). Despite those concerns, the same dose of chemotherapy is 
recommended for pregnant women compared to nonpregnant women. Th e dosing 
should be based on actual bodyweight and body surface area (25).

Th ere are no randomized controlled trials evaluating the safety of the various 
chemotherapy regimens in breast cancer. Th ere is only one single-institution pro-
spective study published on pregnant patients with breast cancer, who were treated 
with 5-fl uorouracil, doxorubicin, and cyclophosphamide (FAC) (26). Th e study 
enrolled 81 patients and showed that pregnant women with breast cancer can be 
treated safely with FAC during the second and third trimesters without concerns 
for serious complications or short-term health concerns for their off spring.

Anthracyclines, cyclophosphamide, and taxanes, the standard adjuvant or 
neoadjuvant combination that is recommended for nonpregnant patients, is also 
recommended for treatment of PABCa aft er the fi rst trimester (26–29).  Taxanes are 
substrates for the P glycoprotein (Pgp/MDR1/ABCB1), which is highly expressed 
on the maternal compartment of the placenta (30). Th e Pgp protects the fetus 
against xenobiotics and might therefore reduce the transplacental transfer of tax-
anes. Th ere are limited data on the use of taxanes during pregnancy; however, a 
published review of literature that included 23 publications describing 40 women—
27 with breast cancer, 10 with ovarian cancer, and 3 with non–small-cell lung 
 cancer—and 42 neonates showed that taxanes do not appear to increase the risk 
of fetal or maternal complications when administered in the second and third tri-
mesters of pregnancy (27). Paclitaxel was administered in 21 cases, docetaxel in 
16 cases, and both drugs in 3 cases; except for 2 cases, taxanes were administered 
concomitantly or sequentially with other cytotoxic agents such as anthracyclines, 
cyclophosphamide, and platinum derivatives.
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Th e use of anthracycline- or taxane-free regimens is not considered to be 
standard in nonpregnant women and therefore is not recommended in pregnant 
women. Since a recently published study found that fl uorouracil does not add any 
benefi t to an anthracycline–taxane-based regimen, it is no longer indicated for 
breast cancer therapy (31). In view of the third-space eff ect of methotrexate, the 
combination of this drug with cyclophosphamide and fl uorouracil should not be 
used in pregnant women (32). Currently, there are limited reports of use of dose 
dense regimens for PABCa (33).  

Targeted therapy. Trastuzumab use is not recommended during pregnancy. 
HER2 is strongly expressed in the fetal renal epithelium (34). A recent review iden-
tifi ed 18 reports in the literature of trastuzumab use during pregnancy (35). Th e 
most frequent adverse eff ect, occurring in 33% of reported cases, was oligohydram-
nios and anhydramnios. Most of the pregnancies ended prematurely and four of 
the newborns died from complications of prematurity (mainly respiratory failure). 
However, the use of trastuzumab may be discussed in special, high-risk situations. 
In the neoadjuvant setting, treatment with pertuzumab in addition to trastuzumab 
and chemotherapy increases the pathological complete response rate in patients 
with HER2-positive breast cancer, but currently there are no data on use of per-
tuzumab during pregnancy and we would not recommend this approach in preg-
nant women. New breast cancer drugs, such as tyrosine kinase inhibitors, should 
not be used in pregnant patients because they have not been tested in this group. 
For HER2-positive pregnant patients receiving neoadjuvant therapy we typically 
recommend initiating standard chemotherapy before delivery and delaying the 
anti-HER2 therapy until aft er delivery, at which point a full course of trastuzumab 
+/− pertuzumab every 3 weeks for 17 cycles can be completed.

Supportive treatment for chemotherapy can be given to pregnant women accord-
ing to general recommendations. Th e typical side eff ects and risks of chemotherapy 
in pregnant women are similar to those risks in nonpregnant women. Th ere is con-
sensus on the safe use of antiemetics like metoclopramide, the 5-HT-3 antagonist 
ondansetron, and corticosteroids during pregnancy (36,37). No data are available 
on the use of neurokinin 1 (NK-1) antagonists. Regarding corticosteroids, the use 
of methylprednisolone or hydrocortisone is preferred over dexa/betamethasone. 
Hydrocortisone and methylprednisolone are extensively metabolized in the placenta, 
so relatively small amounts of these drugs cross into the fetal compartment (38).

Granulocyte colony stimulating factor (G-CSF) is frequently used in nonpreg-
nant patients to manage chemotherapy-induced neutropenia. Th e eff ectiveness 
and safety profi le of G-CSF are not clearly established in pregnancy. Although data 
on the use of G-CSF in pregnant women are limited, we found no conclusive evi-
dence that G-CSF use increases the rates of fetal death or congenital malforma-
tions, but feel that G-CSF should only be recommended when chemotherapy is 
recommended with curative intent aft er consideration of the overall risks and ben-
efi ts. In an observational study in women with cyclic, idiopathic, or autoimmune 
neutropenia, the use of G-CSF during pregnancy was associated with no signifi cant 
increase in adverse events, considering all pregnancies or individual mothers and 
adverse events in the neonates were similar between pregnancies with or without 
G-CSF therapy (39). Filgrastim carries the Food and Drug Administration (FDA) 
pregnancy category C and is not recommended unless the benefi t outweighs the 
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risk to the developing fetus. Th is generally means that animal studies have showed 
some evidence of maternal toxicity, embryolethality, and fetotoxicity; there are no 
controlled data in human pregnancy. Women who become pregnant during treat-
ment with fi lgrastim should enroll in Amgen’s Pregnancy Surveillance Program—
1-800-77-AMGEN (1-800-772-6436). Nonetheless, the administration of G-CSF 
in pregnancy should only be considered when the benefi ts of managing maternal 
neutropenia outweigh the unknown fetal risks.

Chemotherapy should be avoided aft er 35 weeks of gestation due to the risk 
of spontaneous delivery before the recovery of bone marrow. In addition, deliv-
ery postponement aft er chemotherapy will facilitate fetal drug clearance via the 
placenta. Th is is most important in preterm babies who have immature liver and 
kidneys and thus limited capacity to metabolize and excrete the drugs.

HORMONAL THERAPY

Tamoxifen is the standard hormonal agent used for the treatment of premeno-
pausal women with endocrine-responsive breast cancer, but it is a teratogenic 
agent. Studies using adjuvant hormonal therapy for breast cancer in pregnant 
women are very limited. Animal models have shown that tamoxifen can cause 
genitourinary developmental defects (40). Other birth defects associated with use 
of tamoxifen include Goldenhar syndrome (oculoauriculovertebral dysplasia), 
ambiguous genitalia, and Pierre Robin sequence, the triad of small mandible, cleft  
palate, and glossoptosis (41,42). A review of Astra Zeneca fi les identifi ed 50 cases 
that were exposed to tamoxifen during pregnancy, with 10 congenital defects 
identifi ed (43). Th erefore, hormonal therapy should be started aft er delivery and 
aft er completion of chemotherapy. Delaying hormonal treatment will not reduce 
the effi  cacy of tamoxifen.

SURGERY IN PREGNANCY

Surgery can be performed during all trimesters of pregnancy (43). However, in the 
fi rst trimester there is an increased risk of pregnancy loss and concern for potential 
exposure of the fetus to teratogens. Th e risk of miscarriage and preterm labor is 
lowest in the second trimester and increases during the third trimester.

When performing surgery in pregnant women, it is important to maintain 
venous return to the heart, which may be compromised due to pressure from the 
uterus. Patients who are at 20 weeks or greater gestation should be positioned in a 
left  lateral tilt position to reduce compression on the inferior vena cava.

Surgical options that are available to pregnant women are the same as those 
that are available to nonpregnant patients and depend on the size of the tumor 
and extent of lymph node involvement. If breast conserving surgery is performed 
during pregnancy then adjuvant radiation therapy needs to be delayed until aft er 
delivery.

For early-stage breast cancer patients having surgery during pregnancy, sentinel 
lymph node biopsy typically with radiotracer alone may be considered (44). Th e 
radiation exposure to the fetus is low with this procedure. However, the options 
of sentinel lymph node biopsy and axillary lymph node dissection and the risks of 
each procedure should be clearly discussed with the patient. We currently discuss 
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Breast Cancer Reconstruction

Rachel Bluebond-Langner, Erin M. Rada, and Sheri Slezak

INTRODUCTION 

Goals of Reconstruction
Breast reconstruction is usually not a single operation but rather a process that 
is an integral part of holistic care of the breast cancer patient. While women are 
initially concerned with their cancer diagnosis, most will go on to live long, nor-
mal lives. Over these years, many women fi nd that breast reconstruction improves 
their ability to participate in desired activities, recover from cancer diagnosis, and 
ultimately achieve “wholeness.” Nationally, approximately 50% of patients choose 
to undergo breast reconstruction (1). Regardless, all patients should be educated by 
a plastic surgeon about their reconstructive options at the time of their diagnosis 
and counseled appropriately. Studies fi nd that information given before surgery by 
both the oncologic surgeon and a plastic surgeon about reconstruction can miti-
gate some of the imagined fears of recurrence, pain, and out of pocket costs (2). 
Patients’ education impacts their quality of life, not only before surgery, but also 
long aft er fi nishing treatment.

Types of Reconstruction
In general, there are three types of breast reconstruction: autologous (utilizing the 
patient’s own tissue), implant-based (ultimately utilizing a breast implant), and 
oncoplastic reduction (preserving and reshaping breast tissue remaining aft er a 
partial mastectomy). Decision making regarding reconstruction requires a discus-
sion between the patient and surgeon to determine a patient’s candidacy for var-
ious options based upon her body habitus, breast cancer treatment plan, medical 
and surgical comorbidities, and patient preferences. Th is makes the ultimate type 
of reconstruction a highly individualized decision for each patient. Diff erences 
between the implant and the autologous tissue breast reconstruction are shown 
in Table 8.1.

No Reconstruction/External Prosthesis
Approximately half of patients who undergo mastectomy choose no reconstruction 
(1). Many of these patients make this decision because they wanted to avoid further 
surgery; however, access to a plastic surgeon and preoperative counseling may also 
aff ect this decision. Patients who choose not to undergo reconstructive surgery 
may choose to wear an external prosthesis in their bra or other padded undergar-
ments. Th ere are, however, drawbacks to prostheses. Some women fi nd them hot, 
heavy, and they may be displaced with movement or sports activities.

8
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IMPLANT-BASED RECONSTRUCTION

Implant-based reconstruction refers to reconstruction ultimately utilizing a 
breast implant. At the time of mastectomy, either a permanent implant may be 
placed (sometimes referred to as “direct to implant”) or, more commonly, a tissue 
expander is placed. Th e tissue expander acts as a temporary placeholder and is seri-
ally expanded with saline over several weeks to months in the outpatient setting. 
It is ultimately replaced with a permanent implant in a second-stage outpatient 
operation.

Choosing Implant-Based Reconstruction
According to statistics reported by the American Society of Plastic Surgeons 
(ASPS),  106,338 women underwent breast reconstruction in 2015 (www. 
plasticsurgery.org/news/plastic-surgery-statistics). Seventy-three percent of these 
women opted to have tissue expansion and subsequent placement of an implant. 
In a survey of female board certifi ed plastic surgeons in the United States, 66% 
reported that they would personally choose implant-based reconstruction if they 
underwent mastectomy (3). Of the female plastic surgeons who primarily perform 
implant-based surgery, 87% would choose expander-based reconstruction  for 

Table 8.1 Differences Between Expander/Implant and Autologous Tissue 
Reconstruction

Type of reconstruction Expander/implant
Autologous tissue 
reconstruction

Surgery 2 or 3 operations Usually 2 operations

General anesthesia Yes Yes

Hospitalization First stage: 1–2 days
Second stage: outpatient

Usually 3–5 days

Recovery period 2–3 weeks 4–8 weeks

Need for multiple offi ce 
visits

Yes (for expansion) Yes

Scars Mastectomy scar only Mastectomy scar and 
donor site scar

Shape and consistency No natural sag, may be 
fi rm

More natural shape, 
soft

Potential problems Breast hardening with 
shape change, skin 
 ripples, infection, rupture

Abdominal weakness 
or bulge (TRAM), par-
tial breast hardening, 
total fl ap loss

Skin sensation Altered in surgical areas Altered in surgical 
areas

TRAM, transverse rectus abdominis myocutaneous.

http://www.plasticsurgery.org/news/plastic-surgery-statistics
http://www.plasticsurgery.org/news/plastic-surgery-statistics
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themselves. Of the female surgeons who perform autologous reconstruction for 
the majority of their patients, about half would choose expanders for their own 
surgery.

Implants and Devices Used for Reconstruction
TISSUE EXPANDERS

Tissue expanders consist of a silicone outer membrane and an internal cavity that 
expands with the injection of fi ller. Th ey come in a wide variety of sizes, shapes, and 
designs. Some surgeons use a one-shape-fi ts-all approach (since this is a temporary 
device) whereas others utilize a base diameter measurement or a target volume. 
Other choices include round, profi led, or dual chamber. Tissue expander ports are 
either integrated or remote.

If the mastectomy fl aps allow, it is preferable to fi ll the expander to about half 
of the mastectomy breast weight so that the patient is not fl at postoperatively. Th e 
amount of fi ll in the operating room can be varied given the thickness of the fl aps, 
the quality of the muscle coverage, and the size of the breast. If the mastectomy 
fl aps are thin or of questionable blood supply, then the expander can be left  empty 
to place less stress on the fl aps. A 50% fi ll in the operating room is typically enough 
for the patient to see some shape but not enough to give the patient severe pain or 
to compromise the fl aps and incision.

Postoperatively, tissue expanders are then fi lled in the offi  ce by the physician 
or by an appropriate physician extender. Th e valve is found with a magnet and 
60 to 180 mL of fl uid is placed per session based upon patient tolerance. If too 
much is placed at once, patients can have considerable pain from stretching of the 
muscle. Muscle relaxants may be useful in these cases. Fills are continued every 
week or two until the desired size is obtained, or until the breast is a bit larger than 
the contralateral side. Oft en, chemotherapy or radiation therapy may be needed in 
the postoperative period. Expansion can be continued during chemotherapy, but 
the shape of the breast should not be altered during radiation therapy because the 
dosimetric plan would be compromised. Depending on the radiation techniques 
utilized at a given institution, a tissue expander may be defl ated so that superfi cial 
electron beam radiation can eff ectively target the internal mammary nodes. Th ere 
is no time limit in which expansion must be completed; expanders have been left  
in place for extended periods without diffi  culty. Alternative methods of expansion 
with air or carbon dioxide activated by the patient are currently being explored.

When expansion is complete, secondary surgery is scheduled to remove the 
expander and perform the defi nitive reconstruction with a permanent implant, 
autologous tissue, or autologous tissue and an implant.

BREAST IMPLANTS

In the United States, breast implants are either saline- or silicone-fi lled. Th ey are 
either profi led (form stable) or round, with a moderate to high projection, and 
have either textured or smooth surfaces. Current silicone implants are made with 
cohesive gel fi ller that has more crosslinking between silicone molecules than the 
silicone fi ller of previous generations. If cut in half, all currently available silicone 
implants remain intact like gelatin rather than leaking out. Th e vast majority of 
mastectomy (Figure 8.1) patients prefer silicone implants to saline because these 
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implants are soft er, feel more like normal tissue, move with the patient, and are 
more comfortable. Sizes range from 100 to 800 mL. Generally, the amount of saline 
placed in the expander is recorded and this is approximately the size of the implant 
chosen.

Acellular Dermal Matrix Sling for Inferior Implant Coverage
Th e implant or the expander is most commonly placed below the pectoralis major 
muscle. Traditionally, it was covered by the pectoralis muscle, serratus, and rectus 
fascia. More commonly now, a prosthetic or bioprosthetic sling is used to bridge 
the gap between the lower edge of the pectoralis muscle and the inframammary 
fold. While acellular dermal matrix (ADM) is the most common sling material, 
there are alternatives including bovine, porcine, and poly vicryl substitutes.

Th e sling gives complete coverage of the implant, prevents displacement of 
the implant above the muscle or laterally into the axilla, pulls the pectoralis 
muscle down to prevent window shading up, defi nes the inframammary fold, 
and allows greater intraoperative fi ll volume. Th ere is also data that ADMs 
decrease the incidence of capsular contracture. Ibrahim et al demonstrated 
improved breast contour and cosmetic appearance with an ADM sling, allow-
ing the implant to sit lower with a more natural shape, better lower pole pro-
jection, and inframammary fold defi nition (4). Increased risk of complication 
with slings is still debated. Lee did a meta-analysis of 23 studies representing 
6,199 cases (5). He found that the use of ADM signifi cantly elevated the risks of 
infection, seroma, and mastectomy fl ap necrosis, but did not aff ect the risks of 
implant loss, unplanned reoperation, and total complications. Critics of acellu-
lar matrixes also cite its signifi cant cost.

Figure 8.1 Bilateral mastectomy with implant reconstruction; nipples are tattooed.
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Advantages of Implant-Based-Reconstruction
1. Th ere are no additional scars. Implant-based reconstruction uses the mastec-

tomy defect only, and does not have any donor site morbidity or scars elsewhere 
in the body.

2. Th ere is a faster overall recovery period. Th e operation is only 30 to 60 minutes 
longer than the mastectomy and the postoperative length of stay is the same—
typically one day.

Disadvantages of Implant-Based Reconstruction
1. If tissue expanders are utilized, the patient must go through a period of expan-

sion in the outpatient setting over several weeks to months depending upon the 
desired size followed by a second operation to replace the tissue expanders with 
permanent breast implants.

2. Expanders are typically placed below the pectoralis major muscle, which may 
cause more postoperative pain with expansion compared to some alternatives.

3. Breast implants tend to sit higher on the chest and do not descend as naturally 
over time. In patients with unilateral mastectomy, this may cause signifi cant 
asymmetry requiring contralateral procedures.

4. Patients must be counseled that implants are not meant to be lifelong devices. 
Given the young age of many breast cancer patients, most will require implant 
exchange at least once over the course of their lifetime. Implants last about 15 
years, but the range is variable.

5. Th e largest implant currently available on the market is 800 mL though many 
implant companies plan to expand their lines to include larger sizes. For women 
with large breasts prior to mastectomy, 800 mL may not be adequate.

Complications of Implant-Based Surgery
INFECTION

Infection of an implant poses a serious threat to the success of expander/implant-
based reconstruction. Incidence is 3.4% to 34.4% (6–8). Risk factors for infec-
tion include breast size larger than “C,” previous irradiation, and repeat tissue 
expander placements (9). Organisms are most commonly staphylococcus species 
but may also include gram-negative rods and anaerobes. Cultures taken from the 
drains may help when choosing a course of antibiotics for patients with implant/
expander-related infections. Treatment was historically implant removal followed 
by several months delay prior to a repeat reconstruction attempt. More recently, 
studies have shown successful treatment of up to 64.4% of patients with less severe 
infections using a combination of operative treatment and/or antibiotics (10,11). 
Patients successfully treated were stable with a normal white count and localized 
infection.

CAPSULAR CONTRACTURE

Capsular contracture has been a challenging complication since breast implants 
were introduced in 1960. Scarring around the implant causes a fi rm, high-riding 
breast that may be uncomfortably tight. Grade of capsular contracture is measured 
clinically according to the Baker Scale (Table 8.2) (12).
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Th e rate of capsular contracture has improved with newer model implants. In 
recent studies, grade III/IV contracture ranges from 8.3% to 16.3% (6,8). Rates of 
contracture are higher in irradiated breasts.

Th e cause of capsular contracture is not well understood but various theo-
ries have been postulated including silicone bleed, subclinical infection, bacte-
rial biofi lm formation, foreign body reaction, allergy, and patient factors. In Del 
Pozo’s study of explanted breast prostheses, those with capsular contracture had 
a positive culture rate of 33% whereas those removed for other reasons had a 
5% positive culture rate (13). Schreml et al found a 66.7% colonization rate for 
Baker III and IV capsules whereas no colonization was detected for Baker I and 
II capsules (14). Physicians have tried various strategies to avoid this complica-
tion including submuscular implant placement, textured implant shells, saline 
instead of silicone fi ller, ADM coverage, leukotriene antagonist administration, 
vitamin E therapy, ultrasound therapy, massage, and capsulectomy, all with var-
ious degrees of success.

MASTECTOMY FLAP ISCHEMIA

Flap ischemia can lead to necrosis, dehiscence, and loss of an expander. Implant-
based surgery will only succeed if there is an adequate skin envelope to surround 
it. Extremely thin fl aps are prone to necrosis and unlikely to succeed. Patients have 
diff erent levels of adipose tissue, and some fl aps are thinner in areas of the tumor. 
Methods of intraoperative perfusion assessment are becoming increasingly pop-
ular to assess perfusion to the mastectomy fl aps. Newer technology provides an 
accurate and real-time intraoperative assessment of skin fl ap viability. If fl ow is 
inadequate, the plastic surgeon can excise the questionable area, place less fl uid in 
the expander, delay the reconstruction, or plan to bring in new tissue with the use 
of autologous fl aps.

FLUID COLLECTION

Hematoma and seroma are both complications that can occur aft er a large dead 
space is created during mastectomy. Rates of hematoma are lower than seroma, 
1.3% and 4.9%, respectively (6,8).

Table 8.2 Baker Capsular Contracture Scale After Prosthetic Breast 
Reconstruction

IA Absolutely natural, cannot tell breast was reconstructed

IB Soft, but the implant is detectable by physical examination or 
 inspection because of mastectomy

II Mildly fi rm reconstructed breast with an implant that may be visible 
and detectable by physical examination

III Moderately fi rm reconstructed breast. The implant is readily 
 detectable, but the result may still be acceptable

IV Severe capsular contracture with unacceptable aesthetic outcome 
and/or signifi cant patient symptoms requiring surgical intervention
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Prevention of seromas is attempted with the use of closed suction drains at the 
time of mastectomy and expander placement. Th ey are typically removed when 
drainage is less than 30 mL daily for three consecutive days. Persistent and high 
drainage may be a sign of a subclinical infection or a lymphatic leak. Other ways 
to prevent seromas that are less commonly performed include progressive tension 
sutures between the inferior pectoralis muscle or ADM and the skin fl ap, the use of 
new expanders with integral drain ports, and use of tissue glues.

While seromas may be aspirated, there is no conclusive data to guide the deci-
sion to aspirate secondary seromas or to let them resolve passively. Th e increased 
pressure of the seroma can make the process self-limiting, but this fl uid is also a 
good medium for infection.

IMPLANT RUPTURE

Implant rupture may eventually occur in all patients. Th ere is no evidence that a 
ruptured implant causes any health issues. It may present as a defl ation (saline) or 
a change in fi rmness or contour (silicone). Many silicone ruptures are silent, so sil-
icone implant ruptures must be evaluated with MRI. Th e Food and Drug Admin-
istration (FDA) recommends that any ruptured implant be replaced or removed 
because it is not in the state that the manufacturer tested it.

Th e expander can defl ate from a mechanical fault at a seam, or it can be acci-
dentally injured at the time of surgery or during injections in the offi  ce. If close to 
the goal volume, one may simply proceed to implant exchange. If not, the expander 
must be replaced. Some expanders have fl ipped and the valve becomes inaccessible. 
Fixation of the tabs can make this less likely.

VISIBLE RIPPLING OR WRINKLING OF THE IMPLANT

Implant rippling has been reported in 3% to 10% of patients in several studies (8). 
Many mastectomy fl aps are very thin, making the folds in the implant visible. Th ere 
are several strategies to correct this. Silicone implants show fewer ripples than saline 
implants. Form stable implants have the least visible rippling. Th e surgeon can attempt 
to disguise ripples by placing ADM beneath the mastectomy fl ap to increase the thick-
ness or tighten the muscle and capsule. Fat injections into the fl aps can also disguise 
ripples. A latissimus dorsi fl ap can be rotated under the skin to provide more coverage. 
It is generally only ripples in the cleavage area that are bothersome to the patient.

Surveillance
Expanders and implants are typically placed below the pectoralis major muscle, 
deep to the breast, so cancer surveillance is performed via palpation. No further 
mammograms are needed. FDA recommendations for implant surveillance (in all 
cosmetic and reconstructive surgery patients) are baseline MRI 3 years postopera-
tively followed by every 2 years thereaft er. With rupture rates under 8% at 10 years, 
some feel that this is overly aggressive and expensive. High-resolution ultrasounds 
may also provide adequate surveillance.

Direct-to-Implant Reconstruction
When women have small to moderate sized breasts with minimal to moderate pto-
sis and wish to remain the same size or smaller aft er reconstruction, it is possible 
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to avoid the expansion process and go immediately to permanent implants. Th e 
maximum size of the implant that can be placed at the time of mastectomy depends 
on the mastectomy fl ap thickness, the available muscle, the patient’s desired size, 
and the use of local dermal fl aps or ADM. A meta-analysis of 13 studies compar-
ing direct-to-implant breast reconstructions with standard two-stage reconstruc-
tions revealed that wound infection, seroma, and capsular contracture risk were 
similar (15). Direct-to-implant reconstruction, however, had a higher risk for skin 
fl ap necrosis (OR, 1.43) and reoperation (OR, 1.25). It is imperative to choose the 
appropriate candidate for this procedure, but it is attractive in that it off ers a one 
operation mastectomy and reconstruction. Tissue expanders should also be on 
hand in the operating room in case the fl aps are thin or the perfusion to the fl aps 
is questionable.

AUTOLOGOUS RECONSTRUCTION

Autologous reconstruction refers to procedures that utilize the patient’s own tissue 
to recreate the absent breast. Historically, autologous reconstruction referred to 
only pedicled fl aps including transverse rectus abdominis myocutaneous (TRAM) 
fl aps and latissimus dorsi fl aps. With advances in microsurgical techniques, free 
tissue transfer has become a mainstay of breast reconstruction.

Choosing Autologous Reconstruction
As with implant-based reconstruction, women choose to undergo autologous 
reconstruction for various reasons. While there is an additional donor site with a 
separate incision, many women like removal of excess skin and fat (ie, abdomen). 
While implants are safe, some women still develop unknown systemic complica-
tions from silicone. Other women do not like the idea of a foreign body and want 
their own tissue.

Donor Sites
Th e selection of donor site is based on the patient’s body habitus as well as desire. 
Th e abdomen and back are the two most common donor sites for autologous tis-
sue. A fl ap from the abdomen can be harvested with skin, fat, and muscle (TRAM 
fl ap) or with only skin and fat, sparing the muscle (deep inferior epigastric perfo-
rator [DIEP] or superfi cial inferior epigastric artery [SIEA] fl aps). Th e latissimus 
dorsi muscle (Figure 8.2) can be harvested with skin and fat that sits in the bra line 
and rotated around to the chest. Generally, an implant is needed behind the fl ap for 
adequate size and projection. Th e buttock tissue (superior or inferior gluteal artery 
perforator [SGAP/IGAP] fl ap) and inner thigh tissue (transverse upper gracilis 
[TUG] fl ap) are less common donor sites and usually reserved for women who are 
very thin but want their own tissue and do not want to use their back or in whom 
autologous tissue is needed but other donor sites are not available.

Advantages
1. Some patients need a large skin paddle to replace resected skin.
2. In unilateral breast reconstruction cases it is oft en easier to match a large and 

ptotic breast with the patient’s own fat.
3. Autologous tissue will produce more natural ptosis over time.
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4. One can avoid some of the prosthesis-related complications such as implant 
rupture, capsular contracture, and infection. If autologous tissue becomes 
infected it can be treated with antibiotics and occasionally wash out but the 
whole reconstruction is usually not lost.

5. While there is a donor site scar, many women like the idea of skin and fat being 
removed from another area of the body, particularly the abdomen.

6. Autologous tissue does not need to be replaced in 10 to 20 years.

Disadvantages
1. Longer operative time: Autologous tissue reconstruction has a longer opera-

tive time compared to implant reconstruction. Of the donor sites, the latissimus 
dorsi is the shortest, but a bilateral microsurgical reconstruction can be 10 to 12 
hours or more. Longer operative times increase the risk of perioperative com-
plications overall. Some patients, due to their comorbidities, may not be good 
candidates for microvascular reconstructions.

2. Flap failure: Microsurgical free tissue transfer has a failure rate of 1% to 10%. 
If the fl ap fails, an alternate form of reconstruction will need to be selected. 
Depending on the patient’s needs, this may be immediate placement of an 
implant, a latissimus dorsi with implant, or another free fl ap. Th is may require 
a second operation once the patient has healed. Th is can be very disappointing 
for both the patient and the surgeon.

Figure 8.2 Left mastectomy with radiation; left latissimus dorsi and implant 
reconstruction; right mastopexy and augmentation.
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3. Donor site morbidity: With all autologous reconstruction there will be some 
donor site morbidity although it may be minimal. Th e potential for donor site 
complications such as wound infection, abdominal weakness, bulge, or hernia 
(TRAM or DIEP) needs to be discussed with the patient preoperatively. While 
some people will counsel patients that a TRAM or a DIEP is just like a tummy 
tuck, the incision may be higher than in a cosmetic abdominoplasty and the 
abdominal musculature may be weakened, leading to a bulge or hernia in up to 
10% of cases (16).

4. Longer recovery: While implant reconstruction is an outpatient procedure, 
autologous tissue reconstruction requires a one-night (latissimus dorsi) or 
three- to fi ve-night (DIEP, TRAM, and SGAP) inpatient stay. Th e postoperative 
recovery is 3 weeks (latissimus dorsi) to 6 weeks (TRAM, DIEP, and SGAP).

AUTOLOGOUS/IMPLANT COMBINED RECONSTRUCTION

In addition to the implant-based and autologous breast reconstruction modalities 
described here, some patients will require both. Th is combination reconstruction 
is used when autologous tissue is required to provide adequate healthy soft  tissue 
but the volume and projection of the breast with the fl ap alone are inadequate. 
Th e most common scenario is the use of a latissimus dorsi rotational fl ap with an 
implant.

Difference Between TRAM and DIEP
A TRAM fl ap takes some or all of the rectus abdominis muscle. Patients may 
have hernias, bulges, or weakness in sports or heavy lift ing activities. A DIEP fl ap 
(Figure 8.3) spares the muscle although it is divided to get to the vessels. More 
muscle function is preserved.

ONCOPLASTIC BREAST RECONSTRUCTION TECHNIQUES

One of the greatest advances of the past 10 years has been the incorporation of plas-
tic surgery techniques in breast conservation with excellent cosmesis. Although 
most lumpectomy patients need only primary closure, there are some diffi  cult 
resections that will leave large defi cits and gross asymmetry or leave defects in cos-
metically sensitive locations, such as the areola or upper inner quadrant. Breast 
conserving therapy can be off ered to more people with superior cosmetic results 
when oncoplastic reconstruction is considered.

In oncoplasty, there are two basic diff erent approaches:

1. Volume-removal procedures, which combine resection with breast reduction and 
reshaping techniques, and

2. Volume-replacement techniques, using fat graft ing, local fl aps (glandular, fas-
ciocutaneous, or latissimus dorsi), or implants to fi ll in the lumpectomy cavity. 

Th ese procedures are generally needed if more than 20% of the breast will be 
excised, or if the patient is a D or larger cup size and desires reduction. Th ese 
risks are small and can be reduced by waiting a full 6 to 8 weeks for radiation, and 
leaving the aff ected breast a bit larger than the contralateral side so that radiation 
shrinkage will be negated (Table 8.3).
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Figure 8.3 Bilateral deep inferior epigastric perforator (DIEP) fl ap reconstruction.

Table 8.3 Advantages/Disadvantages of Volume-Reduction Techniques

Advantages Disadvantages

Breast is saved and blood supply is intact 
before radiation, so healing is better (17,18)

A slightly longer operative time 
(3 hours)

Radiation is easier with fewer skin com-
plications; less severe radiation dermatitis 
due to less redundant skin folds 

The need for two surgical 
 specialists in the operating room 
(breast and plastic surgeons) 
 simultaneously

Allows better local control, with wider 
margins, and there is less repeat surgery 
for positive margins. The opposite breast 
is sampled

The possibility of wound 
 complications delaying 
 chemotherapy or radiation

Relief of neck, back, and shoulder pain and 
inframammary rashes

Fat necrosis or changes in mammogram are possible aft er rearrangement of 
breast tissue. Some authors report increased need for biopsy but others fi nd no 
diff erence. Piper et al found no signifi cant diff erence in abnormal mammographic 
fi ndings prompting biopsy between oncoplastic reduction patients and lumpec-
tomy alone patients at 6 months, 2 years, and 5 years postoperatively (P > .05). 
Biopsy rates over the 5-year period did not diff er signifi cantly between the two 
cohorts (18% lumpectomy, 24% oncoplastic cohort, P = .46) (19).
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In a large meta-analysis by Losken et al, oncoplastic reductions were compared 
to patients undergoing lumpectomy alone. Oncoplastic reductions had a larger 
specimen (4 times), a lower positive margin rate (12% vs. 21%), fewer reexci-
sions (4% vs. 14%), and higher patient satisfaction (90% positive vs. 83%) (20). 
In patients with ptosis who want to maintain as much volume as possible, a mas-
topexy will tighten the skin and lessen the volume defect by shaping the remain-
ing tissue. A contralateral small reduction can be done to match the lumpectomy 
weight plus 10% to 20%.

Volume-Replacement Techniques
If a patient is small-breasted or does not wish to be smaller, then it is best to use 
a volume-replacement technique such as fat graft ing, local breast glandular fl ap, a 
latissimus dorsi myocutaneous fl ap, a lateral thoracodorsal fl ap, or local abdom-
inal advancement fl aps. Th e larger lower abdominal free fl aps are generally not 
needed and should be saved if total mastectomy is needed for positive margins or 
 recurrence.

If the defect is central and requires the resection of the nipple–areolar complex 
(NAC), local fl aps are useful to replace this area and avoid a depression. A new 
nipple can be reconstructed and areolar tattoos can be used aft er healing. Among 
oncoplastic approaches, a less utilized technique is the use of an implant. Although 
this can easily correct a local volume defi cit, the cosmetic eff ects aft er radiation can 
be variable, and many patients will get a capsular contracture that causes fi rmness 
and distortion.

Silverstein et al recently described “extreme oncoplasty,” which he defi nes 
as “breast conservation using oncoplastic techniques in a patient who, in most 
physicians’ opinions, requires a mastectomy” (21). He studied patients with 
large (>5 cm) multifocal or multicentric tumors, positive nodes, and patients 
who will require radiation therapy, even if treated with mastectomy. He com-
pared 66 such extreme patients with 245 consecutive patients with unifocal or 
multifocal tumors less than 5 cm. Complete resection rates were 96% standard 
versus 83% extreme and median tumor size was 21 mm versus 62 mm. Mar-
gins equal or greater than 1 mm were achieved in 88.6% versus 54%. Seventeen 
(6.9%) standard patients underwent reexcision versus 9% of extreme patients to 
achieve wider margins. One patient (0.4%) was converted to mastectomy versus 
four (6%) extreme patients. With 24 months of median follow-up, three patients 
(1.2%) in the standard group experienced local recurrence versus one patient 
(1.5%) in the extreme group. It is expected that the local recurrence will be some-
what higher in the extreme group but that there will be little or no impact on 
survival. Women who wish to save their breasts may try oncoplastic techniques 
and go on to mastectomy only if local control is not obtained. Similarly many 
patients treated with neoadjuvant therapy may be able to undergo breast con-
serving surgery with good margin control. Longer term studies are needed of 
local recurrence and survival.

Timing of Reconstruction
Treatment of breast cancer patients requires a multidisciplinary team approach. 
Breast reconstruction is one aspect of that care and must be planned in conjunction 
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with the patient’s overall oncologic treatment and goals. Breast cancer reconstruc-
tion may occur immediately (at the time of mastectomy) or in a delayed fashion.

IMMEDIATE RECONSTRUCTION

Th e defi nitive reconstruction with an implant, a latissimus dorsi with implant, or an 
autologous fl ap is performed at the time of mastectomy. Immediate reconstruction 
can be very appealing as it reduces the number of operations. Th e disadvantages of 
immediate breast reconstruction include longer operative time; fresh mastectomy 
fl aps, which may have unapparent ischemia and subsequent necrosis; uncertainty 
about the need for postoperative radiation; and the need to heal quickly if chemo-
therapy is recommended. Complications are reported to be higher in immediate 
reconstruction as compared to delayed reconstruction, but this may be partially 
explained by the fact that immediate reconstruction will include the complications 
of both surgeries: the mastectomy and the reconstruction. Th is is generally done in 
patients in whom radiation is not needed (ie, prophylactic mastectomy, small area 
of ductal carcinoma in situ [DCIS]).

DELAYED IMMEDIATE RECONSTRUCTION

It is most common for tissue expanders to be placed at the time of mastectomy, 
await the fi nal pathology, determine the need for chemotherapy and radiation, 
and then proceed with the defi nitive reconstructive plan. Th e disadvantage is that 
reconstruction occurs in two stages and that the tissue expander may be removed.

DELAYED RECONSTRUCTION

Some women do not have reconstruction at the time of mastectomy for a variety of 
reasons: stage of the cancer, medical comorbidities, or patient choice. Reconstruc-
tion can be performed months or years aft er mastectomy if the patient’s medical 
circumstances or desire changes. Disadvantages include more operations and the 
resection of more skin in an unreconstructed breast. When reconstruction is per-
formed later, additional skin is needed via expansion or autologous tissue.

Radiation Therapy and Breast Reconstruction
Th ere have been great changes in radiation techniques over the last 20 years, and 
there are oft en no residual changes in a radiated patient’s skin as compared to the 
other breast. Radiation oncologists target the breast parenchyma with tangential 
beams, and spare the skin, giving better long-term results. However, for the major-
ity of patients, radiation makes breast reconstruction more diffi  cult and increases 
the risk of complications for both implant-based reconstruction and microsurgical 
reconstruction. Th e skin envelope of the radiated breast will be tighter and the 
breast will never sag in the same way. Implant-based reconstruction in the setting 
of radiation has a higher incidence of infection, capsular contracture, and even 
implant extrusion. Radiation is not an absolute contraindication to tissue expander 
placement or implant-based reconstruction; however, the patient needs to be coun-
seled about the potential increased risk for complication. Radiation can also make 
autologous reconstruction more challenging and increase the risk of fl ap failure as 
the vessels to which the fl ap is being anastomosed may have been damaged by the 
radiation. If the patient’s skin has severe radiation changes such as  telangiectasia, 



www.manaraa.com

244 HANDBOOK OF BREAST CANCER AND RELATED BREAST DISEASE

hyperpigmentation, parenchymal asymmetry, and/or skin thickening, then it is 
doubtful that this skin will successfully expand or be able to support an implant 
long term. In these cases, autologous tissue should be used: either a free fl ap or a 
latissimus dorsi with an implant.

However, radiation is not a contraindication for tissue expansion or implant-
based reconstruction. Th e current evidence is divided with regard to radiation and 
the development of complications during breast reconstruction. In the Michigan 
Breast Reconstruction Outcome Study, radiotherapy, both before and aft er surgery, 
was associated with at least one complication; however, this trend did not reach 
statistical signifi cance (6). McCarthy et al performed a retrospective comparative 
study of 1,170 expander/implant patients over 2 years and determined that pre-
operative and postoperative chest wall irradiations were not signifi cant predictors 
of complications (7). However, other studies diff er in their fi ndings. Contant et al 
studied 103 women with BRCA gene mutations undergoing prophylactic mastec-
tomy with immediate expander/implant reconstruction. Radiation was found to 
be a signifi cant risk factor, both for complications and for implant removal (22). It 
seems that some radiated patients do well and others do not. Th ey must, however, 
be warned that some capsular contracture is seen in approximately 40% of these 
reconstructions. If the contracture is Baker grade II, it may be acceptable, but if it 
is Baker grade III or IV, patients will usually pursue capsulectomy to address the 
tightness.

Some patients wait to have reconstruction because of fear of recurrence in 
the fi rst several years. Many patients (and some doctors) worry that reconstruc-
tion will hide a recurrence, but studies have not shown this (23). Since recon-
struction does not aff ect surveillance or survival, immediate reconstruction or 
delayed immediate reconstruction (tissue expanders) saves the patient addi-
tional surgery, anesthesia, and recovery time by starting the reconstruction at 
the same time as the mastectomy. Th e patient does not have to endure a period 
of deformity and can move forward. In a study by Morrow et al, of the women 
who elected to undergo implant-based reconstruction, 82% underwent imme-
diate reconstruction whereas only 18% selected a delayed reconstruction (1). 
Studies show less mourning and a faster return to daily activities if women have 
some form of reconstruction started at the time of the mastectomy. Th e Michi-
gan Breast Reconstruction Outcome Study reviewed psychosocial outcomes at 1 
and 2 years. Th at study found that both immediate and delayed reconstruction 
with implant and TRAM methods provided substantial psychosocial benefi ts to 
patients as measured by the Short Form-36 and the Functional Assessment of 
Cancer Th erapy-Breast (24).

Secondary Reconstruction Procedures
NIPPLE RECONSTRUCTION

Th is is usually the last step in breast reconstruction. It can be done under local 
analgesia alone. Th e nipple projection is created from local tissue fl aps. ADM or 
 cartilage can be added for additional projection if desired. Th e areola is then tat-
tooed (Figure 8.4). Recently many women have been electing not to have nipple 
reconstruction and elect for three-dimensional tattoos only. When done by a pro-
fessional tattoo artist the results are outstanding.
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In the past 5 years, there has been more interest in saving the NAC in mastec-
tomy. Th ere are considerable cosmetic advantages to NAC preservation. Metcalfe et 
al studied 157 women and found that on the BREAST-Q, women with NAC-spar-
ing mastectomy had signifi cantly higher levels of satisfaction with their breasts 
(P = .01), satisfaction with outcome (P = .02), and sexual well-being (P < .001) 
compared to skin-sparing mastectomy (SSM) (25). Advocates argue that only 1% 
or 2% of breast tissue in the nipple is retained and that this tissue is in a known 
location and can be followed by clinical examination.

Present criteria for preservation include tumors greater than 2 cm from the 
areola, no skin involvement, and no nipple discharge or disease. Relative contra-
indications to this procedure are ptotic breasts, large breast size, smoking, diabe-
tes, and prior radiation therapy—each of these factors makes the fl aps longer with 
more risk of ischemia. Th is can lead to skin and nipple necrosis, which is reported 
to be about 5% to 10% (26). Skin incisions for nipple-sparing mastectomy (NSM) 
may be periareolar, lateral, or inframammary. Inframammary incisions are the best 
concealed but require an incision length of 8 to 10 cm and the fl aps are long. Raw-
lani et al found that periareolar incisions are associated with more nipple necrosis 
than lateral or inferior incisions (31% vs. 6%) (27).

At the time of surgery, the breast tissue is removed and reconstruction can then 
be accomplished by any method. While the cosmetic result can be excellent, there 
is controversy about the oncologic principles. Occult cancer can be present at the 
nipple ducts in 0% to 30% of nipples of mastectomies. Larger tumors and tumors 
closer to the areola are found to have higher incidence of nipple involvement (28). If 
the frozen section is positive at surgery, the NAC is removed. Th e longest  follow-up 
of NAC preservation comes from Sakurai in Japan. He followed 932 patients over 
19 years. Th e median follow-up time was 78 months and the longest was 21 years. 

Figure 8.4 Nipple reconstruction with tattoo (latissimus dorsi w/implant).
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No signifi cant diff erence in the probability of local recurrence between the NSM 
cohort and the SSM cohort was found (8.2% vs. 7.6%; P = .81). Th e rate of NAC 
relapse was low (3.7%), and the entire nipple and/or areola recurrence cases were 
treated with NAC removal. Furthermore, nipple and/or areola recurrence was asso-
ciated with a signifi cantly better prognosis than that of skin fl ap recurrences and 
local lymph node recurrences. For the 21-year disease-free survival and the 21-year 
overall survival, no signifi cant diff erence between the NSM and SSM cohorts was 
observed (29). Boneti et al followed 281 total skin-sparing mastectomies (TSSMs) 
and 227 SSMs. Th e overall complication rate (TSSM 7.1% and SSM 6.2%; P = .67) 
and local–regional recurrence rate (TSSM 6% [7 of 152] and SSM 5.0% [7 of 141]; 
P = .89) were comparable (30). A meta-analysis by De la Cruz et al found 20 stud-
ies comparing diff erent mastectomies with 5,594 patients. He found a 3.4% risk 
diff erence between NSM and SSM in overall survival and a 0.4% risk diff erence 
between NSM and SSM in local recurrence. Studies with follow-up intervals of <3 
years, 3 to 5 years, and >5 years had mean survival of 97.2%, 97.9%, and 86.8%; a 
local recurrence risk of 5.4%, 1.4%, and 11.4%; and  nipple–areola cancer rates of 
2.1%, 1.0%, and 3.4%, respectively (31). Th e risk seems to be low but present, and 
it increases with time. Further studies that evaluate these patients for longer time 
intervals are needed.

BALANCING PROCEDURES FOR THE CONTRALATERAL BREAST IN A 

UNILATERAL MASTECTOMY

Breasts come in pairs and symmetry is expected. It is important, however, to 
remind patients that perfect symmetry is not realistic. Studies show that 90% 
of normal women are asymmetric and that breasts are “sisters, not twins” (32). 
When performing a unilateral reconstruction, one should never assume that a 
patient desires to match her opposite breast. She may wish to enlarge, lift , reduce, 
or remove the noncancerous side. Patients should consider the breast they would 
like to have, not what is present. A reduction, lift , or augment can be performed 
on the nonreconstructed breast to match the reconstructed breast. Generally, 
patients with larger breasts are delighted to have a reduction, and are very pleased 
with the new look and lightness. Th e pathological examination of the contralateral 
side is also comforting to the patient if it is normal. We have found that 1.78% of 
reductions in the contralateral breast of women with cancer have a pathological 
fi nding of cancer, despite a normal mammogram (Figure 8.5) (33). It is important 
to orient and identify these contralateral specimens so that if something is found, 
the surgeon can locate the area in question for further resection if necessary.

FAT GRAFTING

A normal breast is tapered at the edges but an implant or fl ap has a distinct edge. 
Some lumpectomies cause dents or depressions, and some fl aps do not fi ll the entire 
mastectomy defect. Th ese deformities can be treated with adjunct fat  graft ing. Fat 
is harvested by liposuction and reinjected into the areas of depression. Th is pro-
vides increased thickness and uniformity of the breast. Th e fat is revascularized by 
the surrounding tissue and this provides long-term correction of problem areas. A 
few authors advocate total breast reconstruction by injected fat, but this requires 
multiple procedures and has a risk of fat necrosis.
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Figure 8.5 Right deep inferior epigastric perforator (DIEP) fl ap reconstruction and 
left mastopexy.

 h MANAGEMENT PEARLS

1. Breast reconstruction is usually not a single operation but rather a process 
that is an integral part of holistic care of the breast cancer patient.

2. Every mastectomy patient should hear about reconstruction from both 
her oncologic surgeon and a plastic surgeon, but not all will choose recon-
struction. Studies show that information given before surgery by both the 
oncologic surgeon and a plastic surgeon about reconstruction can mitigate 
some of the imagined fears of recurrence, pain, and out of pocket costs.

3. Th ere are two ways to make a new breast: implants or autogenous tissue. 
A breast means diff erent things to diff erent women; therefore, diff erent 
women pick diff erent (or no) reconstructions—this is fi ne.

4. Breast reconstruction improves patients’ ability to participate in desired 
activities, recover from cancer diagnosis, and ultimately achieve whole-
ness.

5. Treatment of breast cancer patients requires a multidisciplinary team 
approach; breast reconstruction is one aspect of that care and must be 
planned in conjunction with the patients’ overall oncologic treatment and 
goals. Breast cancer reconstruction may occur immediately (at the time of 
mastectomy) or in a delayed fashion.

6. Although reconstruction is generally not needed for lumpectomy defects, 
new advances in oncoplastic surgery allow reconstruction of central breast 
lesions that require removal of the nipple/areola, large breasts that benefi t 
from reduction, and balancing operations for the contralateral side.
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9Genetic Syndromes Associated With Increased Risk 
of Breast Carcinoma

Jessica Scott and Carolyn Rogers

HEREDITARY BREAST CANCER—GENERAL CHARACTERISTICS

• Th e majority of breast cancers, an estimated 90%, are sporadic and result from a 
combination of risk factors including environmental, hormonal, and stochastic 
events and are oft en related to natural aging. However, an estimated 10% of breast 
cancers are caused by underlying inherited cancer predisposition syndromes (1).

• Dr. Alfred Knudson proposed that hereditary cancer syndromes result from a 
“two-hit” process (2). In order for a tumor to develop, both copies of the same 
tumor suppressor gene must be inactivated by mutation. In sporadic cancers, 
this is caused by two separate sporadic events throughout a person’s lifetime 
and results in the more common later-onset disease. However, in the case of 
an inherited cancer predisposition syndrome, a person is born with a germline 
mutation of one copy of the tumor suppressor gene, allowing for tumor devel-
opment aft er only one sporadic event. Th is results in earlier ages of cancer onset 
and a signifi cantly increased frequency of disease.

• Of the 10% of breast cancers that are due to an inherited cause, approximately 
half to two thirds are due to mutations within the BRCA1 and BRCA2 genes 
(3,4). Th e remainder are caused by mutations in various other high- and 
 moderate-risk genes (5,6). Additional hereditary breast cancer syndromes may 
exist that have yet to be identifi ed at this time.

BRCA1 AND BRCA2

Genetics
• Th e BRCA1 gene is located at 17q21.31 and BRCA2 is found at 13q31.1 (7,8). Muta-

tions in the BRCA genes cause the hereditary breast/ovarian cancer syndrome 
(HBOC), which is inherited in an autosomal dominant fashion with reduced pen-
etrance (9). Th ese two genes are known to function in the DNA repair pathway by 
repairing double strand breaks and initiating homologous recombination. Loss of 
function germline mutations in these genes result in an inherited predisposition 
to cancer development because of increased genomic instability.

• BRCA gene mutations have been reported in all populations and are predicted 
to occur at a rate of approximately 1 in 400 people in the general population (9). 
However, certain populations are known to have higher BRCA mutation fre-
quencies. Most notably are three mutations, two in the BRCA1 gene and one in 
the BRCA2 gene, which occur at a combined rate of 1 in 40 within the  Ashkenazi 
Jewish population (9,10), placing this population at a signifi cantly increased 
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risk for HBOC. Increased prevalence of HBOC has also been reported in the 
Icelandic and Dutch populations (9).

Features
• Th e lifetime risk for breast cancer (including invasive breast cancers and ductal 

carcinoma in situ [DCIS]) in female BRCA gene mutation carriers is signifi cantly 
increased above that of the general population risk of approximately 12%, and is 
commonly early onset, defi ned as diagnosis before age 50 years (9). Mutations in 
BRCA1 confer approximately a 50% to 80% risk for breast cancer for a woman’s 
lifetime (9,11). In addition, the risk for a second breast primary is 6% to 17% within 
the fi rst 5 years aft er the initial diagnosis, and 11% to 31% within the fi rst 10 years 
aft er initial diagnosis (12,13). Mutations in BRCA2 result in a lifetime breast cancer 
risk between 40% and 70%. Th e risk for contralateral cancer in the fi rst 5 years is 
between 5% and 15%, and in the fi rst 10 years is between 10% and 29% (12,13). 
Risk for contralateral cancer with a mutation in either gene reaches 50% to 60% 
over the woman’s lifetime and varies based on initial age at diagnosis (14). Table 9.1 
shows cancer risks by decade, which are separated by gene for quick reference.

• Breast cancers that develop in BRCA mutation carriers are most oft en invasive duc-
tal adenocarcinoma with an aggressive phenotype, poorly diff erentiated (grade 3) 
with a high mitotic rate (17). Additionally, triple-negative (estrogen receptor [ER], 
progesterone receptor [PR], and HER2 neu negative) breast cancers have been 
shown to occur more frequently in BRCA1 mutation carriers (17,18).

• Th e lifetime risk for the development of ovarian cancer is estimated to be 39% 
to 54% for BRCA1 mutation carriers and up to 23% for BRCA2 mutation car-
riers (11,19). Table 9.2 includes ovarian cancer risks by decade for reference. 
Th is cancer risk includes epithelial ovarian cancer, fallopian tube cancer, and 
primary peritoneal cancer (9).

 Table 9.1 BRCA Mutation Carrier Cancer Risks

King et al (11) Mavaddat et al (15) Risch et al (16)

Risks reported as 
percentages up to 
age listed

Risks reported per 1,000 
person-years

Cumulative risk 
to age 80

Age BRCA1 BRCA2 Age BRCA1 BRCA2 BRCA1 BRCA2

30 3% 0% 20–29 8.7 0

40 21% 17% 30–39 16.9 11.9

50 39% 34% 40–49 19.9 41.4

60 58% 48% 50–59 36.1 15.2

70 69% 74% 60–69 7.4 16.2

80 81% 85% ≥70 0 0 90% 41%

Source: From Ref. (12). Molina-Montes E, Pérez-Nevot B, Pollán M, et al. Cumulative risk 
of second primary contralateral breast cancer in BRCA1/BRCA2 mutation carriers with a 
fi rst breast cancer: a systematic review and meta-analysis. Breast. 2014;23(6):721–742. 
doi:10.1016/j.breast.2014.10.005
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 Table 9.2 BRCA Mutation Carrier Ovarian Cancer Risks

King et al (11) Mavaddat et al (15) Risch et al (16) Finch et al (20)

Risks reported as 
percentages up to age listed

Risks reported per 1,000 
person-years

Cumulative risk to 
age 80

Risks reported per 100,000 per 
year

Age BRCA1 BRCA2 Age BRCA1 BRCA2 BRCA1 BRCA2 Age BRCA1 BRCA2

30 0% 0% 20–29 0 0

40 3% 2% 30–39 1.1 1.7 30–39  206

50 21% 2% 40–49 7.4 0 40–49 1918 0

60 40% 6% 50–59 20.3 2.4 50–59 3030 986.6

70 46% 12% 60–69 55.9 15.0 60–69 3505 927.1

80 54% 23% ≥70 23.9 11.2 24% 8.4% 70–74 1685 0
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• Other associated cancers include male breast cancer (1%–2% lifetime risk for 
BRCA1 carriers and 5%–10% lifetime risk for BRCA2 carriers) and prostate can-
cer (30% in BRCA1 carriers and up to 39% in BRCA2 carriers) in male carriers 
as well as melanoma and pancreatic cancer (lifetime risk 1%–3% in BRCA1 car-
riers and 2%–7% in BRCA2 carriers) (9).

Several studies have been completed to estimate the risks for breast and ovarian 
cancer in BRCA mutation carriers by age. Th e risk estimates from several of these 
articles are included in Tables 9.1 and 9.2.

Medical Management for BRCA Positive Patients
• We generally adhere to NCCN guidelines in our medical management recom-

mendations of BRCA positive patients and patients with other mutations (21):
 Regarding breast cancer risk, several options for women who are known to 

carry deleterious BRCA gene mutations are available and include increased 
breast cancer surveillance by annual digital mammography and contrast 
enhanced breast MRI screening beginning at age 25 years, use of chemopre-
ventive agents, or risk-reducing mastectomy.

 Regarding the ovarian cancer risk, we recommend risk reducing bilateral 
 salpingo-oophorectomy, typically between the ages of 35 and 40 years and 
aft er childbearing. Until the time of completion of oophorectomy, consider-
ation could be given to screening; however, the effi  cacy of transvaginal ultra-
sound (US) and CA-125 testing in the early detection of ovarian cancer has 
not been proven.

 We believe that in addition to annual GYN follow-up with pelvic examina-
tion, it is reasonable to off er CA-125 testing annually with completion of 
transvaginal US, if recommended by the GYN based on the pelvic exam 
fi ndings or if any other clinical symptoms are noted.

 For male carriers, we recommend annual clinical breast exam starting at 
age 35 years. Annual prostate cancer screening is recommended for all male 
BRCA2 mutation carriers beginning at age 40 years with consideration of 
this screening for all male BRCA1 mutation carriers.

OTHER HEREDITARY BREAST CANCER SYNDROMES

In addition to the BRCA genes, there are three other genes currently known that 
are considered to cause high-risk breast cancer syndromes. Th ese genes are CDH1, 
PTEN, and TP53.

Hereditary Diffuse Gastric Cancer Syndrome
• Th e hereditary diff use gastric cancer syndrome (HDGC) is an autosomal dom-

inant condition caused by mutations in the CDH1 gene. Th is syndrome is char-
acterized by an 80% lifetime risk for the development of diff use gastric cancer 
and an approximately 40% to 50% risk for lobular breast cancer in female muta-
tion carriers (22).
 Genetics—Th e CDH1 gene is located at 16q22.1 and codes for epithelial (e-) 

cadherin, which is a member of a large family of transmembrane proteins 
(23). Th ese proteins mediate cell–cell adhesion in a Ca2+ dependent manner 
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and play a key role in organ development (24). Loss of functional  e-cadherin 
results in a phenomenon known as cadherin switching and a resultant upreg-
ulation of N-cadherin production. N-cadherin upregulation initiates a pro-
tein cascade that promotes cellular survival, migration, and invasion, which 
drives cancer development (24).

Cowden Syndrome
• Cowden syndrome, caused by mutations in the PTEN gene, is associated with 

an increased risk for breast, nonmedullary thyroid, and uterine cancers as well 
as various other noncancerous features. Other characteristics include benign 
disease such as fi brocystic breast disease, thyroid nodules, and leiomyomas, cer-
tain dermatological fi ndings including facial trichilemmomas and papules, as 
well as subcutaneous lipomas, progressive macrocephaly, and, more rarely, 
learning disabilities (25).
 Genetics—Th e PTEN gene is located at 10q23.31 and functions as a classic 

tumor suppressor (26). PTEN is involved in numerous functional processes 
in the body, the most salient being in regulation of the phosphoinositide 
3-kinase (PI3K) pathway. In this pathway, PTEN negatively regulates PI3K 
and results in a decrease in cell cycle progression, induction of cell death, 
transcription, translation, stimulation of angiogenesis, and stem cell self- 
renewal. When PTEN function is lost, these cellular processes become less 
well regulated and can lead to cancer development.

Li–Fraumeni Syndrome
• Li–Fraumeni syndrome (LFS) is an autosomal dominant condition caused by 

mutations in the TP53 gene that is characterized by a signifi cantly increased 
risk for the development of breast cancer (potentially with very early onset), 
leukemia, bone and soft -tissue sarcomas, and brain tumors. Adrenocortical car-
cinoma and choroid plexus tumors are considered highly suggestive of LFS (27).
 Genetics—Th e TP53 gene is located at 17p13.1 and is involved in cell cycle 

regulation including inducing apoptosis or cell cycle arrest. Germline muta-
tions in this gene result in LFS; however, somatic loss of p53 protein expres-
sion is almost universal in human cancer development regardless of the 
presence or absence of an underlying hereditary cancer syndrome (28).

In addition to these high-risk breast cancer syndromes, there are multiple known 
moderate-risk genes for which clinical genetic testing is also available. Of the 
known moderate-risk genes, only a portion currently have medical management 
guidelines published. Th e National Comprehensive Cancer Network (NCCN) cur-
rently  recommends that carriers of mutations in various genes, including but not 
limited to the ATM, CHEK2, PALB2, and STK11 genes, undergo increased breast 
cancer surveillance by annual mammography and breast MRI (21). Additionally, 
consideration could be given to risk-reducing bilateral mastectomy for PALB2 
mutation carriers but is not currently recommended for ATM, CHEK2, or STK11 
mutation carriers as they are understood to have lower breast cancer risks (22). 
Risk-reducing oophorectomy is currently recommended for BRIP1, RAD51C, and 
RAD51D mutation carriers in addition to BRCA mutation carriers (22). Other 
moderate-risk genes have been identifi ed for which there is clinical genetic testing 
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available. For some of these genes, increased surveillance is recommended and for 
others the medical management recommendations for carriers are still based on 
the known family history.

INDICATIONS FOR REFERRAL TO GENETIC COUNSELING AND TESTING

• Genetic counseling is recommended for all patients considering and undergo-
ing genetic testing. Th e 2003 American Society of Clinical  Oncology (ASCO) 
policy statement “strongly recommend(s) that genetic testing be done only in 
the setting of pre- and posttest counseling, which should include discussion of 
possible risks and benefi ts of cancer early detection and prevention modalities” 
(29). Th erefore, referral for genetic counseling is critical in advance of testing to 
ensure the most appropriate testing is ordered and that full informed consent is 
obtained from the patient.
 Patients who have completed genetic testing, with or without the benefi t of 

pretest genetic counseling, and are found to carry a mutation in a cancer sus-
ceptibility gene should be provided in-depth posttest genetic counseling to 
discuss the implications of the mutation for their own medical management 
and to identify at-risk family members.

 Posttest genetic counseling is of benefi t to all patients undergoing testing to 
ensure accurate interpretation of results.

Th e NCCN Practice Guidelines in Oncology “Genetic/Familial High-Risk 
Assessment: Breast and Ovarian Cancer” provide the following indications for 
genetic risk evaluation (21):

• Any patient who has a family history of a known cancer susceptibility gene 
should be referred for genetic counseling, regardless of his or her personal 
 cancer history.

• Personal history indications for genetic counseling include breast cancer before 
the age of 45, triple-negative (ER-, PR-, HER2-) breast cancer before the age of 
60, multiple breast cancer primaries, Ashkenazi Jewish ancestry, invasive ovar-
ian cancer diagnosis at any age, and breast cancer in a male patient.

• Indications for genetic counseling based on a combination of family history and 
personal history of breast cancer at any age include:
 At least one close blood relative with breast cancer before age 50, at least one 

close blood relative with invasive ovarian cancer at any age, and two or more 
close relatives with breast and/or pancreatic cancer at any age.

 Additionally, if the patient has breast cancer and a family history of three or 
more of the following cancers, he or she should be referred: pancreatic can-
cer, prostate  cancer (Gleason score ≥ 7), sarcoma, adrenocortical carcinoma, 
brain tumors, endometrial cancer, thyroid cancer, kidney cancer, dermato-
logic manifestations and/or macrocephaly, hamartomatous polyps of the 
gastrointestinal (GI) tract, and diff use gastric cancer (can include multiple 
primary cancers in the same individual).

Genetic counseling is indicated for patients based on family history alone, with 
no personal history of cancer, under these conditions:
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• A known mutation in a cancer susceptibility gene in the family.
• Two or more breast cancer primaries in a single individual, two or more breast 

cancer diagnoses on one side of the family, a diagnosis of invasive ovarian 
 cancer, a fi rst or second degree relative with breast cancer diagnosed before age 
45, or male breast cancer.

• Additionally, if the family history includes three or more of the following 
cancer diagnoses, the patient meets referral criteria: pancreatic cancer, pros-
tate cancer ( Gleason score ≥ 7), sarcoma, adrenocortical carcinoma, brain 
tumors, endometrial cancer, thyroid cancer, kidney cancer, dermatologic 
manifestations and/or macrocephaly, hamartomatous polyps of the GI tract, 
and diff use gastric cancer (can include multiple primary cancers in the same 
individual).

“A Practice Guideline From the American College of Medical Genetics and 
Genomics and the National Society of Genetic Counselors: Referral Indications 
for Cancer Predisposition Assessment” states that the following criteria warrant 
assessment for cancer predisposition (30):

• For patients with a personal history of breast cancer diagnosed at age ≤50, 
 triple-negative breast cancer diagnosed at age ≤60, ≥2 primary breast cancers 
in the same person, Ashkenazi Jewish ancestry and breast cancer at any age, or 
≥3 cases of breast, ovarian, pancreatic, and/or aggressive prostate cancer in close 
relatives, including the patient.

• Considering the possibility of a hereditary cancer syndrome other than HBOC, 
the recommendations also include breast cancer and one additional LFS tumor 
(soft -tissue sarcoma, osteosarcoma, brain tumor, breast cancer, adrenocortical 
tumor, leukemia, bronchoalveolar cancer, colorectal cancer) in the same per-
son or in two relatives (one diagnosis at age ≤45), breast cancer and ≥1 Peutz–
Jeghers syndrome polyp in the same person, lobular breast cancer and diff use 
gastric cancer in the same person, lobular breast cancer in one relative and dif-
fuse gastric cancer in another (one diagnosis at age <50), or breast cancer and 
two additional Cowden syndrome criteria in the same person.

• Th e recommendations also include any male breast cancer, regardless of addi-
tional family history.

GENETIC TESTING RESULTS

Positive
A variant within a gene is classifi ed as pathogenic or deleterious when known to 
impair gene function. A positive test result indicates that a pathogenic variant has 
been identifi ed and clinical decisions can reasonably be made based on this result. 
As the implications of a positive genetic test are signifi cant, strict criteria must be 
met before a variant can be classifi ed as pathogenic.

Negative
A negative result indicates that either no variants have been identifi ed in the ana-
lyzed gene or only variants classifi ed as benign are present.
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• Negative results are considered to be informative in two scenarios:
 When a pathogenic mutation has previously been identifi ed in another fam-

ily member and the tested patient is shown to not carry the familial mutation. 
In this scenario, the patient is considered to be at general population risk 
for the development of the associated cancer types and would be screened 
according to the recommendations of the general population.

 When testing is completed in a patient whose personal history includes ear-
ly-onset cancer and no mutations are detected. While the underlying cause 
of this patient’s cancer is still not known, this result eliminates the tested 
hereditary cancer syndrome(s) as the cause for the patient’s cancer history, 
to the best of the current technical ability.

• If a patient completes testing based solely on family history and is found not 
to carry a mutation, then the results are considered to be uninformative as this 
result could occur for two reasons:
 Th ere may be a pathogenic mutation within the family that the patient did 

not inherit. If this scenario can be proven with additional familial testing, 
then the result would be an informative, or “true” negative. For this reason, 
genetic testing is always recommended for the aff ected family member in 
advance of testing any unaff ected family members to clearly inform which 
gene(s) should be analyzed and the interpretation of the results.

 Th e patient’s family history may have been due to a genetic cause not tested; 
therefore, the completed genetic testing does not impact the patient’s cancer risk 
assessment. Because of this possible explanation, any patient who receives an 
uninformative negative genetic test result still requires increased breast cancer 
screening based on his or her unexplained family history of disease.

Variant of Unknown Signifi cance
A genetic variant for which the clinical impact cannot be determined is classifi ed 
as a variant of unknown signifi cance (VUS). Th e medical recommendations for 
mutation carriers should not be used for patients who carry VUSs as a signifi cant 
proportion are benign and the increased screening and preventive measures could 
increase morbidity. Instead, the medical management of a patient shown to carry 
a VUS should be based on his or her known personal and family history of cancer. 
Reclassifi cation of VUSs to either benign or pathogenic variants can occur aft er 
further research and identifi cation of the variant in other families. At that time 
other medical recommendations can appropriately be made based on the results.

GENETIC TESTING OPTIONS

Genetic Testing for Hereditary Cancer Syndromes
Genetic testing for hereditary cancer syndromes can be completed in various ways.

• If a known gene mutation has previously been identifi ed in a family member, 
then all other family members should ideally be tested by targeted analysis for 
this familial pathogenic variant. Th is testing procedure allows for the clearest 
interpretation of results and avoids the possibility of identifying a VUS, which 
could add unnecessary confusion for patients in their understanding of the test 
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results. A known hereditary cancer syndrome mutation should be addressed 
through appropriate testing and counseling, but does not preclude the presence 
of an additional syndrome in the family. If the identifi ed syndrome does not 
explain the family and personal history, further extensive testing may be more 
informative for the patient.

• In families where a known mutation has not been identifi ed, testing can be com-
pleted for a single syndrome using focused molecular analysis of only the genes 
assessed that are likely to be causative of the reported family history.

• Alternatively, if a specifi c syndrome is not clearly indicated based on the family 
history, various conditions can be tested for by multiplex (multigene panel) test-
ing. Multiple genetic labs currently off er multiplex panels for hereditary cancer 
syndromes. Test options exist for cancer site-specifi c syndromes (such as con-
ditions that include breast cancer as a primary feature) as well as for hereditary 
cancer syndromes in general but that are not focused on one particular cancer as 
the primary feature. Th e benefi ts and limitations of panel testing should be dis-
cussed with a patient in detail to allow for completion of the test that will most 
appropriately address the potential hereditary concerns of the family and that 
will provide the depth of hereditary information that is wanted by the patient.

OTHER ASSOCIATED CONCERNS

Insurance Protection
• Th e Genetic Information Nondiscrimination Act (GINA) of 2008 was 

enacted by Congress to protect patients undergoing genetic testing from 
health insurance and employment discrimination (31). Title 1 of GINA 
addresses insurance discrimination and states that group health insurance 
companies cannot use the results of a genetic test to increase a patient’s pre-
miums or to limit his or her covered benefi ts. Title 2 addresses employment 
discrimination and states that no employer can fi re an employee or refuse 
to hire or promote an employee based on results of a genetic test. Both titles 
specifi cally state that group health insurances and employers cannot require 
that a patient/employee or his or her family members take a genetic test. Of 
note, GINA does not apply to other types of insurance such as life insurance 
or disability insurance and, as such, protections against discrimination in 
these areas are not in place.

• Th e Patient Protection and Aff ordable Care Act (PPACA) was signed into law in 
2010 to improve health insurance coverage of the American people and decrease 
the uninsured rate as well as health care costs (32). As genetic testing can be an 
expensive endeavor for individuals to complete on their own, requiring genetic 
counseling, the actual testing, and possibly signifi cant cancer screening or pre-
ventive surgeries based on results, the increased availability of health insurance 
aff orded by the ACA may allow for more at-risk patients to take advantage of 
the available genetics services for hereditary breast cancer.

All of the hereditary cancer conditions summarized in Table 9.3 follow an auto-
somal dominant pattern of inheritance; therefore, all fi rst degree relatives of known 
carriers are at 50% risk to also carry a mutation.
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 Table 9.3 Summary of High Risk Breast Cancer Genes

Gene Syndrome Cancers

BRCA1, 
BRCA2 (9)

Hereditary 
breast/ovarian 
cancer syndrome 
(HBOC)

Women have a 40% to 80% lifetime risk for 
breast cancer and a 23% to 54% lifetime 
risk for ovarian cancer. Additionally, prostate 
cancer, male breast cancer, and pancreatic 
cancer are at an elevated lifetime risk. BRCA2 
carriers are at an elevated risk for melanoma.

CDH1 (22) Hereditary 
diffuse gastric 
 cancer syndrome 
(HDGC)

Men and women have an 80% lifetime risk 
for diffuse gastric cancer and women have 
a 39% to 52% lifetime risk for lobular breast 
cancer.

PTEN (33) Cowden 
 syndrome

Women have an 85% lifetime risk for breast 
cancer, 35% risk for thyroid cancer, and 28% 
risk for endometrial cancer. Individuals also 
have an elevated risk for hamartomatous 
and mixed gastrointestinal polyps, which 
may  progress to colon cancer, renal cell 
carcinoma, and melanoma. Benign fi ndings 
include  thyroid disease, uterine fi broids, 
macrocephaly, fi brocystic breast disease, and 
lipomas. 

TP53 (27) Li–Fraumeni 
syndrome

Individuals have a greatly elevated risk 
for cancers including soft tissue sarcoma, 
osteosarcoma, brain tumor, premenopausal 
breast cancer, adrenocortical carcinoma, 
leukemia, and lung bronchoalveolar cancer. 
Lifetime risk for cancer approaches 90% risk.

PALB2 
(34,35)

The risk for breast cancer in female carriers 
by age 70 has been shown to be 33% to 58% 
depending upon additional family history. 
PALB2 mutations have also been associated 
with an elevated risk for pancreatic cancer 
and have been identifi ed in male breast 
 cancer patients.

CHEK2 
(36,37)

CHEK2 mutations result in a three- to fi vefold 
increased risk for breast cancer and has 
been noted in early-onset disease. CHEK2 
mutations have also been associated with 
increased risk for various cancer types, 
including colorectal cancer, prostate cancer, 
and male breast  cancer, among others.

ATM 
(38,39)

Associated with a moderately increased risk 
for breast cancer, specifi cally for early-onset 
disease (up to 9% by age 50 and at least 
17% by age 80) and familial pancreatic 
cancer.
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Integrative Approaches to Symptom 
Management in Breast Cancer Patients

Ting Bao

INTRODUCTION

An increasing number of breast cancer patients are using integrative medicine 
approaches to manage symptoms associated with cancer or its treatment. Studies 
indicate that there is a high prevalence of complementary and integrative medicine 
(CIM) use among cancer survivors. A population-based study of 1,471 patients 
showed that 66% of cancer survivors used CIM in their lifetime, and 43% used 
CIM in the last 12 months (1). General disease prevention, immune enhancement, 
and pain were identifi ed as the top three reasons for CIM use. Compared to the 
general population, cancer survivors were more likely to use a CIM therapy if it was 
recommended by their provider and were also more likely to disclose CIM use to 
their providers (1). While patients seek informed advice and communication from 
their physician on this subject, at the same time they believe that physicians have 
limited knowledge on the topic and no interest in discussing its use (2).  Cancer 
patients who experience unmet needs from their health care team throughout 
survivorship are more likely to seek out CIM to address those needs (3). From a 
clinical perspective, symptom management is also integral to the successful imple-
mentation of cancer care: addressing symptoms supports patient adherence to pre-
scribed treatments and follow-up plans, and fosters a patient’s return to a state of 
well-being, whereas failure to address these issues can lessen the impact of main-
stream therapies due to decreased compliance, leading to worse outcomes (4,5).

Th erefore, it is important for health care providers to have some basic knowl-
edge of CIM to facilitate an open dialog about what patients may be using and to 
off er appropriate guidance. Th is chapter provides an overview of the integrative 
therapies clinically used for symptom management in patients with breast cancer.

THE ROLES OF INTEGRATIVE MEDICINE IN CANCER SUPPORTIVE CARE

Cancer treatments oft en produce diffi  cult physical and emotional symptoms, and 
late or long-term eff ects are common (5,6). Symptoms can also be related to age, 
comorbidities, or the cancer diagnosis itself, and have multifactorial etiologies (7). 
Symptom relief is therefore commonly sought both during treatment and through-
out survivorship.

Complementary and integrative medicine has grown to replace the term 
“complementary and alternative medicine” (CAM) to refl ect the incorporation 
of evidence-based complementary modalities into mainstream cancer care (4,8). 
Integrative medicine uses nonpharmacologic therapies adjunctively to address 
symptoms safely and eff ectively, improve quality of life (QoL), and facilitate  lifestyle 
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changes. A number of symptoms can be controlled or improved with integrative 
therapies including anxiety, depression, stress, fatigue, feelings of isolation, hot 
fl ashes, lymphedema, nausea, neuropathy, pain, perioperative symptoms, sexual 
dysfunction, physical deconditioning, dyspnea, urinary problems, and xerostomia.

Four main types of integrative approaches are clinically used to help breast can-
cer patients manage symptoms associated with the disease and its treatment: diet 
and exercise recommendations, mind–body techniques such as yoga and medi-
tation, individualized therapies such as acupuncture and massage, and the use of 
dietary supplements.

Diet
Th e World Cancer Research Foundation describes diets linked to increased cancer 
risk as those that include the regular consumption of red and/or processed meats, 
alcoholic drinks, and foods containing refi ned sugars (9). Diets linked to decreases 
in cancer risk include foods containing dietary fi ber, fruits, nonstarchy vegetables, 
and those containing vitamin D such as salmon, sardines, and some fortifi ed foods. 
As such, the recommended diet for cancer patients and survivors includes a diverse 
and balanced diet, with an emphasis on plant-based foods from natural sources. 
For breast cancer survivors, we usually encourage eating 3 to 5 servings of non-
starchy vegetables per day and 2 to 4 servings of nonsweet fruits a day. It is also 
important to ask the patient to eat a variety of foods: plant-based proteins such as 
beans, peas, lentils, and nuts; animal proteins such as lean poultry, fatty fi sh includ-
ing salmon and sardines, and low-fat dairy; and whole grains such as oats, bulgur, 
and high-fi ber breads and cereals (10). We usually recommend that patients limit 
red meat to 1 to 2 servings per week, with each serving being fi st size (approxi-
mately 3 ounces). We also recommend that patients avoid processed meats, limit 
alcohol intake, and eliminate white sugar, high-fructose corn syrup, and artifi cial 
sweeteners as much as possible.

Most of these dietary recommendations stem from epidemiological studies. 
A randomized controlled trial (RCT) known as PREDIMED showed that a heart-
healthy Mediterranean diet may reduce breast cancer risk (11). In this study, 4,282 
women aged 60 to 80 years who were at high risk for cardiovascular disease were 
randomized to either a Mediterranean diet supplemented with extra-virgin olive 
oil (EVOO), a Mediterranean diet supplemented with mixed nuts, or a low-fat diet 
serving as the control group. Aft er a median follow-up of 4.8 years, 35 patients 
were diagnosed with breast cancer. Participants in the Mediterranean diet/EVOO 
group had the lowest incidence of breast cancer (1.1 per 1,000 person-years), 
compared to the nut-supplemented Mediterranean diet, or low-fat control group 
(1.8 and 2.9 per 1,000 person-years, respectively) (11). Th is is the fi rst RCT to 
demonstrate an eff ect on breast cancer incidence from the implementation of 
a long-term diet, suggesting benefi ts from following a Mediterranean/EVOO- 
supplemented diet for the primary prevention of breast cancer. Th e Mediterra-
nean diet consists of a variety of fruits, vegetables, cereals, legumes, poultry, fi sh, 
nuts, seeds, olive oil, moderate intake of red wine with meals, and low consump-
tion of meat and dairy products.

In addition, several prospective cohort studies conducted in women aft er breast 
cancer diagnosis and treatment showed that a diet high in fruits, vegetables, whole 
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grains, poultry, and fi sh was associated with better survival when compared to a 
diet high in refi ned grains, red and processed meats, desserts, high-fat dairy, and 
French fries (12,13).  Table 10.1 highlights important recommendations for cancer 
patients both during treatment and throughout survivorship (10).

ORGANIC VERSUS CONVENTIONAL

A common question among cancer patients is whether or not organic foods 
are better than conventional sources. Current research on this subject has been 
mixed (14–19), and not without polarizing debate. Recently, a large prospective 
study indicated that the consumption of organic food had either little or no eff ect 
on cancer incidence, with the possible exception of non-Hodgkin’s lymphoma 
(20). However, organic choices may reduce exposure to pesticide residues and 
 antibiotic-resistant bacteria (15). Still, given that (a) the more likely issue for many 
cancer patients is the adoption of a diet emphasizing a variety of whole foods in 
the fi rst place, (b) the evidence on organic versus conventional foods is fl uid, and 
(c) accessibility is confounded by marketing practices, regions, price points, and 
availability, patients should rather be encouraged to focus on incorporating the 
best possible sources of whole foods available to them, and to rinse produce thor-
oughly with clean water before eating, whether organic or conventional.

REFINED SUGARS

Although there are currently no clinical trials to suggest that sugar helps cancer 
grow and progress, one study does suggest associations between high sugar intake 
and breast cancer risk (21). In recent animal studies that mimicked conditions of 
the human Western diet, a clear risk between increased sugar consumption and 

 Table 10.1 Dietary Guidance for Cancer Survivors

Eat
• Whole foods: emphasize plant-based foods
• Nonstarchy vegetables: 3–5 servings daily*
• Nonsweet fruits: 2–4 servings daily*
• Vary protein sources

 Plant-based
 Beans, peas, lentils, and nuts

 Animal-based
 Lean poultry, fatty fi sh including 

salmon and sardines, and low-fat dairy
• Choose whole grains

 Oats, bulgur, whole wheat, high-fi ber 
breads and cereals

• Rinse all produce thoroughly with clean 
water
 Whether organic or conventional

Limit
• Red meat: 1–2  fi st-size 

servings weekly 
( approximately 3 oz)

• Alcohol: less than 1 drink 
daily

Avoid when possible
• Processed meats
• Refi ned sugars: white 

sugar, high-fructose corn 
syrup

• Artifi cial sweeteners

*1 serving = 1 cup of dark leafy greens or berries, 1 medium fruit, or 1/2 cup of other 
 colorful fruits and vegetables.
Source: From Ref. (10). National Comprehensive Cancer Network. Nutrition for cancer 
survivors. http://www.nccn.org/patients/resources/life_aft er_cancer/nutrition.aspx

http://www.nccn.org/patients/resources/life_after_cancer/nutrition.aspx
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breast cancer occurrence, tumor growth, and metastasis was also demonstrated 
(22). Investigators determined that fructose in particular, as available in table 
sugar and high-fructose corn syrup, appeared to be responsible for facilitating lung 
metastasis and 12-hydroxyeicosatetraenoic acid (12-HETE) production in breast 
tumors. Added sugars also contribute signifi cant amounts of calories, which can 
cause weight gain, a risk factor for breast (23,24) and other cancers (25), diabetes 
and Alzheimer’s disease (26), and mortality from cardiovascular disease (27). Th e 
American Heart Association currently recommends that women with moderate 
activity levels consume no more than fi ve teaspoons of added sugar daily, and that 
sedentary women limit their intake even more, to the equivalent of three teaspoons 
daily (28).

ALCOHOL

Research has also shown a direct correlation between alcohol intake and risk of 
breast cancer. Reanalysis of data on 58,515 women with breast cancer and 95,067 
women without the disease from 53 epidemiological studies showed that the 
 relative risk of breast cancer was 1.32 (1.19–1.45; P < .00001) for an intake of 35 to 
44 g (2.2–3.2 drinks) per day, and 1.46 (1.33–1.61; P < .00001) for ≥45 g per day 
compared to women who reported drinking no alcohol. Relative risk increased by 
7.1% (95% CI 5.5%–8.7%; P < .00001) for each additional 10 g intake per day (ie, 
for each extra unit or drink of alcohol consumed daily) (29). Th erefore, and also in 
accordance with National Comprehensive Cancer Network risk reduction guide-
lines (30), we usually recommend that breast cancer survivors limit their alcohol 
intake to less than 1 drink per day (equivalent to 1 oz of liquor, 6 oz wine, or 8 oz 
beer).

SOY ISOFLAVONES

Isofl avones, a type of phytoestrogen, are found in some foods, most notably soy 
products. Th ese naturally occurring compounds have been shown to have anti-
oxidant and free-radical scavenging activities, but such properties may be altered 
by their metabolism in the human body (31,32). In addition, there are many 
questions about whether soy products actually increase or decrease breast cancer 
risk. A 2014 meta-analysis of 35 studies on the association between soy isofl avone 
intake and breast cancer risk suggests a lower risk for both pre- and postmeno-
pausal women in Asian countries, but no infl uence on risk for women in Western 
countries (33). Consequently in general, we do not instruct patients to “avoid soy” 
or reduce whole soy foods (eg, tofu, edamame, miso, soymilk) as there is no evi-
dence to suggest that eating them at practical levels increases breast cancer risk or 
recurrence in humans.

Exercise and Physical Activity
Sitting for many hours daily is a known independent risk factor for cancers of the 
colon, endometrium, and lung (34). In addition, sedentary lifestyle contributes to 
obesity, and there are well-established links between obesity and many types of 
cancer (35,36). Even more specifi cally, weight gain and obesity are risk factors for 
the development of postmenopausal breast cancer (37,38), while physical activity is 
associated with improvements in cancer-related survival (39–41).
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Publications in the oncology literature, therefore, recommend exercise as part 
of survivorship self-care (30,42–44). In addition, exercise and physical activity can 
help to relieve or reduce symptoms that are oft en of multifactorial etiology, includ-
ing pain (45,46), such as aromatase inhibitor (AI) induced arthralgia (47), fatigue 
(46,48–50), physical deconditioning (48,51–55), and nausea/vomiting (45), any of 
which may contribute to the interruption or even cessation of cancer treatment 
regimens (56). For breast cancer patients, additional side eff ects from treatment 
such as bone loss (57,58), weight gain (57,59), and hot fl ashes (60) may also be 
decreased with established exercise regimens.

 Table 10.2 highlights important recommendations for cancer patients both 
during treatment and throughout survivorship (61). At our institution, we usually 
recommend that breast cancer survivors do some type of moderate exercise for at 
least 30 minutes daily, with the goal of at least 300 minutes per week.

Mind–Body Therapies
Mind–body modalities recognize the inherent and reciprocal relationship between 
physical and psychological states, and that physical well-being may be modulated 
via neurohormonal and immunological pathways. Along with diet and exercise, 
they are among the most eff ective therapies to aff ect positive change in emotional 
and psychological profi les among cancer patients.

Th e most commonly practiced and scientifi cally studied among breast  cancer sur-
vivors are meditation, yoga, and tai chi/qigong, which are used to address emotional 
self-regulation, anxiety, and depression, as well as cognitive impairment, sleep distur-
bance, and balance issues. Broadly speaking, there is more overlap than distinction 
among these practices as adopted attitudes of relaxed, open awareness without goal 
orientation, both in movement and stillness, lead to reclaimed states of physical, emo-
tional, and mental well-being. In the case of yoga, tai chi, and qigong as movement 
arts and depending on the level of activity, there are also benefi ts similar to exercise.

Several approaches to meditation have been described (62–64). Methods of 
focused attention meditation include voluntary mental immersion on a chosen 

 Table 10.2 Physical Activity Recommendations for Cancer Survivors

• Avoid inactivity
• Exercise: can include daily routines and recreational activities that would 

also be described as physical activity
• Tailor activities to individual:

 Abilities → reduces injury
 Preferences → increases compliance

• Incorporate activity of at least:
 150 min of moderate intensity
 75 min of vigorous intensity, if possible

• Strength training:
 2–3 times weekly
 Include major muscle groups

• Stretch major muscle groups regularly

Source: From Ref. (61). National Comprehensive Cancer Network. NCCN guidelines: survivor-
ship, Version 2.2015. http://www.nccn.org/professionals/physician_gls/pdf/survivorship.pdf

http://www.nccn.org/professionals/physician_gls/pdf/survivorship.pdf
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object, with nonjudgmental detection and disengagement from distraction, and a 
gentle return or redirection to the intended object. Another style, open monitoring 
meditation, involves nonreactive observation of the content of one’s experience and 
how that may change from moment to moment. Th e potential regulatory func-
tions of these practices on attention and emotion processes could have a long-term 
impact on the brain and behavior.

Mindfulness-based stress reduction (MBSR) is a form of meditation that has been 
rapidly adopted in cancer clinical practice. It uses a combination of mindfulness med-
itation, yoga, and body awareness to help people become more mindful and reduce 
stress. Studies of MBSR in breast cancer patients indicate those who practice regu-
larly experience signifi cantly lower depression, anxiety, and fear of recurrence, as well 
as higher energy and physical functioning compared to usual care (65). Further, the 
benefi ts of MBSR on psychosocial adjustment go beyond that of credible controls and 
are universal across levels of expectation to its effi  cacy (66). Clinically meaningful, 
statistically signifi cant eff ects on depression and anxiety have also been demonstrated 
aft er 12 months of follow-up, with medium-to-large eff ect sizes (67). Improvements 
in endocrine-treatment-related side eff ects (68), sleep quality immediately postin-
tervention (69), cortisol profi les, and hypothalamic–pituitary–adrenal (HPA) axis 
functioning, as well as maintenance of telomere length, have also been noted (70–72). 
Similarly, studies evaluating a mindfulness-based cancer recovery (MBCR) program 
indicate this intervention is better for treating distress and stress, and improving QoL, 
in breast cancer survivors compared to supportive– expressive group therapy (73). It 
also demonstrated noninferiority in some measures for treatment of insomnia com-
pared to cognitive behavioral therapy (63). A brief,  mindfulness-based intervention 
for younger breast cancer survivors also suggests effi  cacy for the reduction of behav-
ioral symptoms and proinfl ammatory signaling (74).

Yoga is a traditional Indian practice that incorporates breathing exercises 
( pranayama) and movement through postures or holding of postures (asanas). It 
has been shown to reduce stress and improve QoL, memory, and sleep quality in 
cancer survivors (75–79). In breast cancer patients, yoga improves range of motion 
(80) and social functioning and mood, as well as reduces stress (81–83), anxiety 
(84), and a range of other psychological symptoms (73). In survivors with per-
sistent fatigue and treatment-induced or exacerbated menopausal symptoms, yoga 
reduces fatigue, joint pain, and number of hot fl ashes while increasing vigor, with 
benefi ts persisting at 3-month follow-up (85,86).

Both qigong and tai chi are based on traditional Chinese medicine (TCM) 
 theory. Th ey use precise movement sequences, meditation, and synchronized 
breathing to restore the fl ow of qi (chi, internal energy). Th ese practices have sig-
nifi cant impact on sleep dysfunction, anxiety, depression, mood, fear of falling, and 
QoL (87–90). Improvements in aerobic capacity, muscular strength, and fl exibility 
(91); balance, cognitive functioning, cancer pain, fatigue, numbness, and dizziness 
(87,92,93); and reduced markers of infl ammation (93,94) have also been demon-
strated. As a moderate weight-bearing exercise, preliminary data indicate that tai 
chi may also exert positive eff ects on markers of bone metabolism (95), as well as 
insulin and cytokine levels associated with lean body mass (96).

Although initial instruction is required, mind–body approaches are largely 
self-administered, low-cost, eff ective, and safe, with minimal to no side eff ects, and 
are therefore highly recommended for cancer patients.
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Acupuncture
Acupuncture is a TCM technique that involves inserting and manipulating fi liform 
needles into specifi c points on the body to alleviate symptoms. Although its mecha-
nisms are not fully established, acupuncture appears to interact with and modulate 
the functioning of nerves, neurotransmitters, and neurohormones (97–100). Two 
methods of acupuncture stimulation are clinically used. In manual acupuncture, 
needles are inserted and rotated by the practitioner to achieve a de qui sensation 
(duh chee; soreness, fullness, heaviness, or local area distension) (101,102), while 
electroacupuncture (EA) refers to the added use of mild to moderate electrical cur-
rent through inserted needles to stimulate acupuncture points.

Acupuncture has been used as a complementary therapy to treat a wide range of 
conditions experienced by breast cancer survivors. Growing evidence suggests that 
acupuncture may be benefi cial for cancer-treatment-induced symptoms including 
musculoskeletal symptoms, hot fl ashes, lymphedema, peripheral neuropathy (PN), 
fatigue, anxiety, and depression.

MANAGEMENT OF AROMATASE INHIBITOR-INDUCED MUSCULOSKELETAL 

SYMPTOMS (AIMSS)

AIs are the recommended fi rst-line adjuvant endocrine therapy in postmeno-
pausal women with hormone-receptor-positive breast cancer, either as monother-
apy or in sequence with tamoxifen (103). AIMSS are reported in up to 50% of 
women, leading to drug discontinuation in approximately 13% of users (104,105). 
Maximum benefi t is observed with 5 years of adjuvant endocrine therapy and 
is therefore the recommended duration of treatment for breast cancer survivors. 
Current interventions for AIMSS including oral analgesics and exercise have lim-
ited effi  cacy (106,107), in addition to the fact that long-term use of the former is 
challenging.

To date there have been four RCTs comparing the eff ects of real acupuncture 
(RA) and sham acupuncture (SA) in reducing AIMSS symptoms, with no sig-
nifi cant adverse reactions to either treatment (108–111). Although one of the 
trials (108) indicates that RA may be signifi cantly better for joint muscle pain 
than SA, this fi nding was not confi rmed by the other three. Mao et al (111) is the 
only study among these with an added waitlist control arm showing statistically 
signifi cant greater pain reductions with RA. An ongoing three-arm Southwest 
Oncology Group study (112) with a sample size of 228 patients may further 
clarify the role of acupuncture in helping breast cancer survivors with AIMSS 
(112). For now, it may be reasonable to suggest that breast cancer patients try 
acupuncture for AIMSS, as it has minimal risk and potentially carries signifi cant 
benefi ts.

CONTROL OF VASOMOTOR SYMPTOMS

Vasomotor symptoms such as hot fl ashes and night sweats are other common 
symptoms that result from breast-cancer-related treatments including chemother-
apy or estrogen deprivation therapy-induced menopause. Th e management of hot 
fl ashes among breast cancer survivors is challenging, as the most eff ective treat-
ment, estrogen therapy, is associated with increased risk of breast cancer recur-
rence and development of new breast cancers. Acupuncture shows promise as a 



www.manaraa.com

10. INTEGRATIVE APPROACHES TO SYMPTOM MANAGEMENT 271

therapeutic approach for hot fl ashes with minimal side eff ects in women with breast 
cancer across several RCTs (113–116). A recent systematic review of  acupuncture 
to  control hot fl ashes in cancer patients showed signifi cant improvements from 
baseline in all eight studies evaluated, and that RA was signifi cantly better than 
SA for diff erent aspects of hot fl ashes in three studies (117). However, none of the 
studies were rated with a low risk of bias, making the current evidence insuffi  cient 
to either support or refute the use of acupuncture for hot fl ashes.

LYMPHEDEMA MANAGEMENT

Treatment-induced lymphedema may be a lifelong concern for some breast cancer 
survivors. Up to 22% of patients suff er from this complication even with conserva-
tive surgical approaches, while it occurs more commonly in patients who undergo 
more extensive surgical procedures and radiation therapy (118–120). Lymph-
edema presents as chronic, persistent swelling in the aff ected extremity, causing 
increased risk of infection, pain, immobility, and worsened body image and QoL. 
Th e mainstay of treatment is a nonpharmacologic intervention known as complete 
decongestive therapy (CDT), which has four major components: manual lymph 
drainage, compression bandaging, compression garments, and exercise. Manual 
lymph drainage involves the movement of lymphatic fl uid from the nonfunc-
tioning region to a nearby region that drains eff ectively. Compression bandaging 
involves applying multiple layers of short stretch bandages from distal to proximal 
regions in order to promote lymphatic fl uid movement. Compression garments 
are then applied with a steady pressure of 20 to 60 mmHg to prevent lymphedema 
recurrence. Upper body exercises may also reduce risk and severity (121). Th ese 
treatments are labor-intensive, have limited effi  cacy, and are estimated to cost 
$10,000 per year per patient (122).

Previous case reports, retrospective chart reviews, and pilot studies have 
demonstrated acupuncture to be safe and potentially eff ective in reducing swell-
ing and improving both upper and lower extremity edema (123–126). Among 
them, a 2013 study was the largest (n = 33), well-designed single-arm trial to eval-
uate acupuncture safety and effi  cacy in patients with moderate to severe chronic 
breast-cancer-related lymphedema (BCRL) (126). No serious adverse events were 
reported aft er a total of 255 acupuncture sessions. Twelve of thirty-three evalu-
able patients reported mild bruising or minor pain/tingling in the arm, shoulder, 
or acupuncture site at least once. Importantly, no infections were reported even 
though the standard acupuncture treatment protocol involves inserting four acu-
puncture needles in the limb with lymphedema. In addition, even though this was 
not an RCT, a mean reduction of 0.90 cm in arm circumference was demonstrated, 
and 11 patients (33%) experienced a ≥30% relative reduction in the diff erence 
between arm circumferences from baseline to postintervention. Th e same research 
group is conducting an RCT to further determine the effi  cacy of acupuncture in 
reducing BCRL symptoms.

Th e use of acupuncture to treat lymphedema is controversial as placing nee-
dles in the aff ected area is considered contraindicated by most breast oncologists 
and lymphedema experts due to concerns about infection and worsening the con-
dition. To date, these negative outcomes have not been reported in pilot studies, 
which is encouraging, but may also be due to small sample size. Th erefore, the 
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recommendation is still to avoid placing acupuncture needles in the extremity with 
 lymphedema outside of clinical trial settings.

NEUROPATHIC PAIN

Several clinical trials demonstrate benefi ts with acupuncture in reducing neuro-
pathic pain in cancer patients (127–130). Among them, one clinical trial showed 
the eff ectiveness of auricular acupuncture for cancer-treatment-induced neu-
ropathic pain (128). Patients were randomized to either real auricular acupunc-
ture at active points or one of two placebo arms (real auricular acupuncture at 
placebo points, or SA through auricular seeds at placebo points). Pain intensity 
decreased by 36% in the active intervention group at the end of 2 months com-
pared to baseline, whereas both placebo groups experienced only a 2% decrease 
in pain intensity (P < .0001) (128). In a study of acupuncture versus best medical 
care (BMC) for PN, a majority of patients in the acupuncture group (76%) had 
improvement in symptoms and nerve conduction studies compared to only 15% 
in the BMC group (131). In addition, investigators found full correlation between 
symptom improvement and nerve conduction studies (131). Although PN etiology 
was either unknown or due to diabetes, investigators found comparable results for 
patients with chemotherapy-induced PN (132).

FATIGUE

Another debilitating side eff ect of radiation and/or chemotherapy with no eff ective 
treatment options is fatigue. To address this problem, a large RCT was conducted 
to evaluate the eff ects of acupuncture plus usual care versus usual care alone for 
breast-cancer-related fatigue in 302 patients (133). Th e mean general fatigue score 
was signifi cantly lower in those who received six weekly acupuncture treatments 
compared to those who did not (−3.11 on a 0–20 scale). In addition, acupuncture 
improved specifi c aspects of fatigue such as physical and mental fatigue, anxiety, 
and depression, and improved patients’ QoL (133). Although mechanisms were 
not elucidated and the study design lacked a placebo control, the results are consis-
tent with existing literature (134,135). Another well-designed but smaller RCT that 
evaluated EA for fatigue, sleep, and psychological distress in breast cancer patients 
with AI-related arthralgia did include both wait-listed controls (WLCs) and an 
SA arm. Compared to  usual  care, EA produced signifi cantly and clinically rele-
vant improvements in  fatigue, anxiety, and depression, while SA improved only 
 depression (136).

Taken together, current research suggests that acupuncture may be a valuable 
and safe nonpharmacological modality to treat various symptoms and improve 
QoL in breast cancer survivors, but these preliminary fi ndings should be con-
fi rmed in larger trials with longer follow-up.

Touch Therapy
A number of studies have evaluated the eff ects of massage on cancer patients. 
Although many have been preliminary or of mixed quality, there are recurring 
themes of improved QoL and clinically meaningful reductions in pain, anxiety, 
and stress. A recent meta-analysis suggests there is mild evidence that massage may 
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help to address negative emotions and fatigue in patients with breast cancer (137). 
Another meta-analysis found massage to be eff ective in relieving cancer pain, and 
especially surgery-related pain, with foot refl exology more eff ective than body or 
aroma massage (138). A multidimensional program that included strengthening 
exercises and massage as major components improved neck and shoulder pain and 
reduced widespread pressure hyperalgesia in breast cancer survivors compared to 
usual care treatment (139).

In a large sample of women with advanced-stage breast cancer receiving che-
motherapy and/or hormonal therapy, investigators determined there were signifi -
cant improvements in physical functioning and dyspnea severity with refl exology 
when compared to both a lay foot manipulation group and conventional care 
(140). Studies have also found benefi t for patients with terminal cancer to improve 
pain, mood, and sleep quality (141,142). A study evaluating an abdominal mas-
sage intervention for end-stage cancer patients also found a signifi cant group-by-
time interaction on depression, anxiety, poor well-being, and perceived abdominal 
bloating (143).

Given that survivors have unique needs at diff erent stages of disease, it is 
important for patients to have access to massage therapists who are specially 
trained in working with cancer patients. At the same time, certain types of mas-
sage may be safely given by caregivers who are specially trained on safe ther-
apeutic touch. A recent study found a model of massage intervention using a 
multimedia caregiver education program to be feasible while decreasing patient 
pain, depression, and other symptoms (144). For many patients, massage ther-
apy is a useful therapeutic tool to manage cancer symptoms, and is included 
among the services available at our institution both on an inpatient and outpa-
tient basis. We also off er online and monthly demonstrations to provide care-
givers with the knowledge and confi dence to provide safe and eff ective touch 
therapy at home.

Supplements and Botanical Products
Th e issue of supplement use, especially among those who are undergoing treat-
ment, is an important topic to address with patients. Supplement manufacturers 
are not required to have standards for the safety, content, and quality of their 
products, and possible side eff ects are not included in labeling. One of the most 
important messages to patients should be the encouragement of a well-balanced 
diet as previously described to obtain the right amounts of vitamins, minerals, and 
antioxidants, as well as micronutrients, which are lost when one relies on supple-
ments. Further, supplement use during cancer treatments may result in periopera-
tive complications, or interact with chemotherapy or radiation to cause serious side 
eff ects or reduce treatment effi  cacy.

A popular example is turmeric, a plant that is native to South Asia but cultivated 
around the world and used in traditional medicine for improving circulation and 
digestion. Turmeric extracts have been marketed for memory problems, arthri-
tis, and cancer prevention. Because the active ingredient of turmeric, curcumin, 
is known to interfere with cytochrome P450 enzymes (145,146) and may interact 
with chemotherapy drugs like cyclophosphamide and doxorubicin (147), we advise 
patients not to take turmeric or curcumin during chemotherapy or  hormonal 
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 therapy due to herb–drug interaction concerns. Many other herbal supplements 
can fall under this category, including St. John’s wort, green tea extract, and astrag-
alus. AboutHerbs.com (148) is a free resource for both health care professionals 
and consumers provided by Memorial Sloan Kettering, which outlines the current 
evidence for various supplements that are of interest to cancer patients including 
potential interactions and side eff ects.

In some instances, however, it can be diffi  cult to obtain a nutrient from diet 
alone. Such is the case with vitamin D, which in addition to helping bone formation 
has been reported to be a pro-diff erentiation hormone (149) with antiproliferative 
(150), anti-infl ammatory, and immune-regulatory eff ects (151). Epidemiological 
studies show that vitamin D from sunlight exposure and dietary intake may have 
protective eff ects against breast cancer (152,153), and data correlate with observa-
tions that many breast cancer survivors are vitamin-D-defi cient (154). As such, we 
monitor patients’ vitamin D levels and recommend supplementation in patients 
with low serum levels accordingly.

CONCLUSIONS

Diet and exercise recommendations are important components to integrate into 
mainstream cancer care. A majority of breast cancer survivors may be obese 
or overweight, with greater risks for recurrence, cardiovascular disease, diabe-
tes, and overall poorer QoL (155), and many women report initiating dietary 
changes during active treatment (156). A number of cancer-treatment-related 
side eff ects can also be addressed with integrative therapies such as acupuncture, 
massage, and mind–body therapies, and cancer patients oft en seek advice from 
their health care providers on which modalities may be most eff ective for them. 
 Table 10.3 provides a general overview of integrative modalities that are clinically 
practiced in breast cancer symptom management, and  Table 10.4 provides links 
to trusted online sources on integrative therapies for health care professionals 
and consumers.

A referral system to integrative therapy programs such as exists at our insti-
tution is vital to ensure continuity of care for patients with unique and changing 
issues in their health status. Indeed, the provision of such structure, guidance, sup-
port, and feedback is an important aspect for many patients who have just under-
gone medical treatment, may be unsure of their capacity to safely reclaim levels of 
physical fi tness, struggle with corresponding psychosocial issues, and to support 
their natural healing process. Th emes articulated among cancer patients who use 
integrative modalities include empowerment, camaraderie, and community with 
those facing similar challenges, pain relief, increased fi tness, relief or transferabil-
ity of anxiety and stress through the use of various techniques learned, enhanced 
future perspective, and higher levels of motivation to continue improvements in 
fi tness levels and pain reduction (46,157–159).

Of equal importance is the engaged dialog of health care professionals with 
patients on interventions such as dietary supplements, which may help or harm, 
particularly during active treatment, and rather stearing patients toward modalities 
that have demonstrated levels of effi  cacy, are cost-eff ective, and with minimal or 
no side eff ects.

http://AboutHerbs.com
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 Table 10.3 Strategies for Symptom Management in Breast Cancer Patients

Recommended/encouraged

Diet
Mediterranean diet or varied 
diet focusing on whole foods

In addition to Table 10.1
Discuss/manage areas of defi ciency such as 
vitamin D insuffi ciency

Exercise/physical activity
Aerobic exercise
Moderate to vigorous ADL
Weight-bearing
Resistance training
Tai chi
Walking
Yoga

See Table 10.2; helpful 
for
• Balance issues
• Bone loss
• Fatigue
• Hot fl ashes
• Pain
• Physical  deconditioning
• Weight gain

May also 
address/affect
• Feelings of 

alienation
• Motivation to 

continue
• Corresponding 

biomarkers

Mind–body therapies
Meditation
Mindfulness training 

(MBSR, MBCR)
Qigong
Stress reduction
Tai chi
Yoga

Helpful for
• Anxiety
• Balance issues
• Cognitive impairment
• Depression
• Emotional 

 self-regulation
• Fear of recurrence
• Sleep disturbance

May also 
address/affect
• Feelings of 

alienation
• Motivation to 

continue
• Corresponding 

biomarkers

Potentially helpful

Massage • Abdominal bloating
• Anxiety
• Depression
• Dyspnea
• Fatigue
• Hyperalgesia
• Mood, negative 

 emotions 

• Pain, including 
surgery-related 
pain

• Physical 
 functioning

• Sleep quality
• Stress
• Well-being

Acupuncture • AI-induced musculoskeletal symptoms
• Anxiety
• Depression
• Fatigue
• Hot fl ashes, vasomotor symptoms
• Peripheral neuropathy, including CIPN

Only in clinical trials

Acupuncture • Lymphedema

ADL, activities of daily living; AI, aromatase inhibitor; CIPN, chemotherapy- induced 
 peripheral neuropathy; MBCR, mindfulness-based cancer recovery; MBSR, mindfulness-
based stress reduction.
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Table 10.4 Online Resources on Integrative Therapies for Health Care 
Professionals and Consumers

About Herbs, Botanicals & Other Products (also known as AboutHerbs.com)
https://www.mskcc.org/cancer-care/treatments/symptom-management/
integrative-medicine/herbs

This free online resource from MSK presents the current evidence 
on herbal dietary supplements as well as integrative modalities such 
as  acupuncture, tai chi, yoga, and massage for both health care 
 professionals and  consumers.

Online Integrative Medicine Modality Videos
https://www.mskcc.org/cancer-care/treatments/symptom-management/
integrative-medicine/videos

Another free online resource from MSK provides demonstrations of 
exercises to improve physical conditioning that are appropriate and safe 
for cancer patients, as well as various stress reduction and meditation 
techniques.

National Center for Complementary and Integrative Health (NCCIH)
https://nccih.nih.gov/health/decisions

Provides useful articles to consumers on complementary and integrative 
health care approaches, choosing a practitioner, and issues regarding 
insurance coverage and out of pocket payments.

NCCN Patient and Caregiver Resources
Nutrition for Cancer Survivors
www.nccn.org/patients/resources/life_after_cancer/nutrition.aspx

Exercise for Life
www.nccn.org/patients/resources/life_after_cancer/exercise.aspx

These resources provide practical guidance to patients on diet and 
exercise.

University of Maryland Complementary and Alternative Medicine Guide
http://umm.edu/health/medical/altmed/

This free online resource from the University of Maryland presents the current 
 information on herbs for consumers.

MSK, Memorial Sloan Kettering Cancer Center; NCCN, National Comprehensive Cancer 
Network.

 h MANAGEMENT PEARLS

1. Integrative medicine uses nonpharmacologic therapies adjunctively to 
treat symptoms safely and eff ectively, improve QoL, and facilitate lifestyle 
changes.

https://www.mskcc.org/cancer-care/treatments/symptom-management/integrative-medicine/herbs
https://www.mskcc.org/cancer-care/treatments/symptom-management/integrative-medicine/videos
https://nccih.nih.gov/health/decisions
http://www.nccn.org/patients/resources/life_after_cancer/nutrition.aspx
http://www.nccn.org/patients/resources/life_after_cancer/exercise.aspx
http://umm.edu/health/medical/altmed
https://www.mskcc.org/cancer-care/treatments/symptom-management/integrative-medicine/herbs
https://www.mskcc.org/cancer-care/treatments/symptom-management/integrative-medicine/videos
http://AboutHerbs.com
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2. Integrative therapies should be considered in management of cancer 
symptoms such as anxiety, depression, stress, fatigue, feelings of isola-
tion, hot fl ashes, lymphedema, nausea, neuropathy, pain, perioperative 
symptoms, sexual dysfunction, physical deconditioning, dyspnea, urinary 
problems, and xerostomia.

3. Cancer- and cancer-treatment-related side eff ects can be controlled with 
integrative therapies such as acupuncture, massage, and mind–body 
 therapies.
 Of equal importance is the engaged dialog of health care professionals 

with patients on interventions such as dietary supplements.
4. Institutional guidelines and referral system to integrative therapy pro-

grams are vital to ensure continuity of care for cancer patients with unique 
and changing issues in their health status.
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Breast Cancer Survivorship

Paula Rosenblatt, Ikumi Suzuki, Angela DeRidder, and Nilam Patel

Th e National Cancer Institute (NCI) defi nes a cancer survivor as the individual 
from the “time of diagnosis until the end of life” (1). With a 5-year breast cancer 
survival rate of 90%, issues of survivorship should be discussed at the start of the 
treatment (2). Issues such as fertility preservation, risk of cardiac toxicity, neurop-
athy, and lymphedema should be assessed prior to starting surgery, chemotherapy, 
and radiation therapy as treatment will leave permanent eff ects. As the National 
Comprehensive Cancer Network (NCCN) states, surviving cancer can have a large 
“impact on health, physical and mental states, health behaviors, professional and 
personal identity, sexuality, and fi nancial standing” of the individual (3). Th e Insti-
tute of Medicine suggests that there should be standards for survivorship care that 
address prevention of recurrent and new cancer, surveillance of spread, assessment 
of late eff ects, intervention for consequences of cancer and its treatment, coordina-
tion of care between primary physician and specialists, and development of survi-
vorship plans to delineate these roles, educate, and communicate with the survivor 
(3). Th e American Cancer Society (ACS) and the American Society of Clinical 
Oncology (ASCO) jointly published guidelines based on the previously noted goals 
and completed a systematic review of the literature to examine the evidence for 
the practice of survivorship (4). A panel of experts convened to discuss consensus 
recommendations when evidence-based literature was not available.

Combining the NCCN, ACS, and ASCO guidelines, this chapter reviews breast 
cancer survivorship as it relates to:

1. Surveillance for breast cancer recurrence
2. Screening for secondary primary cancers
3. Assessment, management, and interventions of physical and psychosocial long-

term and late eff ects including:
 Cardiac toxicity
 Cognitive impairment and fatigue
 Distress, depression, anxiety, and sleep disorders
 Lymphedema, musculoskeletal health, and bone health
 Neuropathy and pain
 Infertility, premature menopause, and sexual health
 Body image and health promotion

4. Survivorship care planning and coordination

SURVEILLANCE FOR BREAST CANCER RECURRENCE

Recurrence of breast cancer is a major fear for survivors. All breast cancer patients 
should be educated on symptoms of local, regional, and distant recurrence and 
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encouraged to seek medical attention at any concern. Palpation of new masses, 
nipple discharge, change in skin and breast contours, axillary/clavicular/ cervical 
lymphadenopathy, localized bone pain, nausea, weight loss, and headaches should 
prompt full workup. While there are strong recommendations from ASCO 
against the use of routine laboratory tests, tumor markers, and systemic imaging 
in patients treated with curative intent, the importance of routine follow-up and 
physical exams for signs of recurrence cannot be overstated (5).

 h We recommend breast cancer survivors have a thorough history and 
 physical exam every 3 to 6 months for the fi rst 3 years, every 6 to 12 months 
for years 4 and 5, and annually after the fi fth year (6). While systemic  imaging is 
not recommended in routine breast cancer follow-up, breast-specifi c imaging 
remains important for detecting an in-breast recurrence or new primary breast 
cancer.

 h After breast conservation surgery, we recommend a mammogram at 
4 to 6 months after completion of radiation and then annually unless specifi c 
 mammographic fi ndings require earlier follow-up (6).

Routine addition of contrast enhanced breast MRI for screening aft er diagnosis 
of breast cancer remains controversial and should be based on the risk of second 
cancer and concerning features (extremely dense breast tissue or occult breast can-
cer on initial mammography) that would make mammography alone insuffi  cient.

,

 h A lifetime risk of breast cancer greater than 20% to 25%, personal or fi rst 
degree family history of high penetrance deleterious mutation (BRCA mutation/
Li–Fraumeni/Cowden syndrome), and history of chest radiation therapy qualifi es 
a patient for MRI surveillance for breast cancer (7).

While offi  cial recommendations remain indeterminate for patients with dense 
breasts and previous abnormal biopsies of atypical ductal hyperplasia/lobular carci-
noma in-situ (ADH/LCIS), the use of MRI can be considered as recent data suggests 
lifetime risk exceeding 30% for ADH (7,8). A discussion of the increased sensitivity of 
MRI and the high false positive rates needs to occur prior to the test being performed.

SCREENING FOR SECOND PRIMARY CANCER

Th e average breast cancer patient should be screened for other cancers (cervical, 
colorectal, endometrial, and lung) as per ACS guidelines for the general population 
(4,9).

Routine screening for endometrial cancer with annual gynecologic exams 
is recommended for postmenopausal patients on selective estrogen-receptor 
modulators (SERMs) (tamoxifen) (4,10). While in the absence of symptoms 
routine endometrial imaging or endometrial biopsies are not recommended, 
new onset bleeding should prompt a complete workup (10).

Enhanced screening for second primaries for patients with hereditary genetic 
syndromes, such as the hereditary breast and ovarian cancers, Lynch syndrome, 
Li–Fraumeni, hereditary diff use gastric cancer, and Cowden syndrome, should 
be guided by recommendations from the NCCN (11). As previously discussed in 
Chapter 9, a thorough review of family history and referral for genetic counseling
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and testing is important for patients with concerning family histories. Extended 
gene panels using next generation testing now identify medium/intermediate 
 penetrance genes as well. Th e most appropriate management for many of these 
genes is still unknown (12).

Myelodysplastic syndrome and leukemia are a known rare sequela of chemo-
therapy and radiation. Alkylating agents (cyclophosphamide) and topoisomerase 
targeting drugs (anthracyclines) are the most frequently implicated and are used in 
many adjuvant breast cancer regimens (13).

A review of over 20,000 patients with early-stage breast cancer treated between 
1998 and 2007 found a marrow neoplasm cumulative incidence rate of 0.48% and 
a rate of 0.54 per 1,000 person years for patients treated with surgery/chemother-
apy/radiation as compared to 0.16 for those treated with surgery alone. Th e hazard 
ratio for all three modalities was 7.6 (95% CIs [1.6, 35.8]; P = .01). Among patients 
who developed acute leukemia, two thirds had complex cytogenetics. While the 
breast cancer stage, race, and tumor characteristics were not signifi cantly diff erent 
in those who developed marrow neoplasm versus those without, patients with 
marrow neoplasms were signifi cantly older (13). While there is no recommenda-
tion for routine testing with a complete blood count, incidentally discovered cyto-
penias or symptoms such as infections/fatigue/bruising/bleeding should prompt 
workup (4).

ASSESSMENT AND MANAGEMENT OF PHYSICAL AND PSYCHOSOCIAL 

LONG-TERM AND LATE EFFECTS

Cardiac Toxicity
Anthracyclines, monoclonal antibodies, left  breast radiation (especially when the 
internal mammary lymph nodes are targeted), hormonal therapy with aromatase 
inhibitors (AIs), and early menopause have been associated with varying degrees 
of cardiovascular eff ects and cardiac toxicity (4). Preexisting cardiac disease and 
risk stratifi cation should be taken into consideration prior to initiating  therapies.

 h Medical management of cardiac toxicities involves prompt referral to 
 cardiology when abnormalities are detected and treatment with  beta-blockers, 
angiotensin converting enzyme (ACE) inhibitors, and lipid  lowering agents as 
appropriate.

ASCO and ACS have no specifi c long-term follow-up recommendations in the fol-
low-up of asymptomatic breast cancer patients treated with adjuvant chemother-
apy. Th ey recommend patients receive education of possible cardiac symptoms, 
smoking cessation, diet, exercise, and monitoring of periodic lipid levels per the 
U.S. Preventive Services Task Force recommendations (4).

Anthracyclines
Chronic/late-onset anthracycline-induced cardiac toxicity presents within a few 
months to decades aft er the last dose of chemotherapy and progresses from an 
asymptomatic cardiomyopathy to overt heart failure. Th e cause of the cardiac tox-
icity is still unclear, but the primary mechanism is likely related to oxidative stress 
and damage to myocytes (14,15).
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A study of older breast cancer patients who received anthracycline-based che-
motherapy compared to no chemotherapy demonstrated hazard ratios for cardio-
myopathy, CHF, and heart disease of 2.48 (95% CIs [2.10, 2.93]), 1.38 (95% CIs 
[1.25, 1.52]), and 1.35 (95% CIs [1.26, 1.44]), respectively (16).

Th e strongest risk factor for the development of cardiac toxicity is the life-
time cumulative dose of anthracycline. Th e risk of cardiac toxicity increases 
sharply aft er 400 to 450 mg/m2 for doxorubicin although with substantial indi-
vidual variation (17).

A baseline pretreatment transthoracic echocardiogram (echo) or multigated 
acquisition (MUGA) scan should be performed prior to administration of anth-
racycline-based chemotherapy. In the adjuvant setting, concurrent and posttreat-
ment heart function assessments are not usually necessary in the low-risk patient. 
However, we oft en check an echo within 1 year of completion of anthracycline in 
patients with one or more cardiac risk factors (age >65 years, cumulative doxoru-
bicin dose of 300 mg/m2, underlying cardiovascular disease, and low-normal left  
ventricular ejection fraction (LVEF) of 50%–54%) (3). Mortality due to anthracy-
cline cardiac toxicity has improved with the use of drugs for heart failure such as 
ACE inhibitors and beta-blockers.

Dexrazoxane is a chelating agent that has a cardioprotective eff ect when 
treating with high-dose anthracyclines (18). However, there is a theoretical risk of 
decreasing the effi  cacy of anthracycline treatment with the chelator. Th erefore, dex-
razoxane is not recommended for breast cancer patients who are undergoing poten-
tially curative/adjuvant treatment with anthracycline-based regimens. For patients 
with metastatic disease receiving higher cumulative doses of doxorubicin, dexra-
zoxane should be added aft er initial doses exceed 300 mg/m2. Routine assessment 
of ejection fraction should occur aft er 250 to 300 mg/m2 and again between 400 and 
450 mg/m2. Once a dose of 500 mg/m2 is reached, monitoring of ejection fraction 
should be completed every 50 mg/m2. A decline in ejection fraction of less than the 
lower limit of normal or the clinical development of heart failure are indications for 
stopping the chemotherapy. Epirubicin is an anthracycline also used in the treat-
ment of breast cancer with the maximum cumulative dose limit at 900 mg/m2 (18).

HER2 Directed Therapy
As opposed to anthracyclines, the cardiac toxicity of HER2 targeted monoclonal 
antibodies (trastuzumab and pertuzumab) usually presents as a reversible, dose- 
independent, asymptomatic decrease in LVEF. It is considered a “Type II” cardiac 
toxicity as there is a loss of contractility, but no myocyte destruction (19).

Concern regarding trastuzumab’s cardiac toxicity was noted early in its his-
tory. A black box warning of cardiac toxicity was placed on the drug aft er the large 
phase III trial for metastatic breast cancer found an incidence of heart failure of 
27% when combined with anthracycline and 13% when combined with paclitaxel, 
compared to 8% in patients treated without trastuzumab (20). Follow-up clinical 
studies that excluded patients with preexisting decreased ejection fraction showed 
signifi cantly less cardiac toxicity.

In the BCIRG006 adjuvant trial, a sustained subclinical loss of mean 
LVEF (>10% relative decline) was noted in 18.6% of study participants in the 
 anthracycline/docetaxel/trastuzumab arm, 9.4% in the docetaxel/carboplatin/
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trastuzumab arm, and 11.2% in the anthracycline/docetaxel arm, while the rate 
of clinical heart  failure was low; 2%, 0.4%, and 0.7%, respectively (21).

A meta-analysis of nearly 12,000 patients receiving trastuzumab showed that 
the overall incidence of cardiac toxicity resulting in congestive heart failure was 
2.5% compared to 0.4% of controls (RR 5.11; P < .00001) (22).

Risk factors for trastuzumab-induced cardiac toxicity include anthracycline 
exposure (concurrent or previous), increased age, hypertension, and obesity 
(23,24).

As described in Chapters 5 and 6, pertuzumab is a second monoclonal anti-
body that targets HER2 and is used in combination with trastuzumab in the neo-
adjuvant and metastatic setting (25). TRYPHAENA was a phase II neoadjuvant 
study that evaluated the cardiac safety of this medication. Th e rate of decreased 
LVEF ranged from 2.6% to 5.6% and symptomatic congestive heart failure from 
0% to 2.7% (25). Th e nonanthracycline regimen of docetaxel/carboplatin/tras-
tuzumab/pertuzumab had the lowest incidence of cardiac dysfunction with the 
highest pathologic complete response rate (25).

When used in the neoadjuvant setting, the package insert recommends cardiac 
monitoring every 6 weeks. If a drop in LVEF to <45% or an absolute decrease of 10 
points with a LVEF of 45% to 49% is noted the drug is withheld. Reassessment should 
occur within 3 weeks and the medications can be resumed when the LVEF >49% (26).

In the metastatic setting, trastuzumab, pertuzumab, and ado-trastuzumab 
emtansine HER2 targeted agents are utilized for treatment. Th ese drugs can cause 
asymptomatic declines in the LVEF and rare symptomatic heart failure.

In the metastatic setting, cardiac assessment every 3 months is appropriate with 
a guideline to hold therapy for ado-trastuzumab, if LVEF falls to less than 40% or 
if 40% to 45% with more than a 10-point decrease from baseline, while for pertu-
zumab + trastuzumab, to hold treatment if LVEF is below 45% or 45% to 49% and 
more than a 10-point drop from baseline (27,28).

Lapatinib, an oral, reversible, tyrosine kinase epidermal growth factor receptor 
(EGFR) (ERBB1) and HER2 inhibitor, is approved for treatment of advanced breast 
cancer. A pooled analysis of 3,689 patients enrolled in clinical trials with lapatinib 
showed low levels of cardiac toxicity for lapatinib; cardiac events were usually asymp-
tomatic reversible declines in LVEF with similar rates for patients who were exposed 
versus not to anthracyclines or trastuzumab in the past (29). See the summary of 
cardiac monitoring recommendations for HER2 agents in Box 11.1.

Radiation
Older radiotherapy techniques for breast cancer involved signifi cant doses of radi-
ation to the heart. A meta-analysis from the Early Breast Cancer Trialists Collab-
orative Group (EBCTCG) of 40 trials found that while radiotherapy decreased 
the annual mortality rate from breast cancer, there was signifi cant increase in the 
annual mortality rate from other causes (21% increase) that was largely attribut-
able to cardiac and vascular events (30). Th e spectrum of radiation-related cardiac 
disease includes myocardial damage and coronary artery disease when mediastinal 
radiation is used (31). SEER Medicare analyses have demonstrated that the risk of 
cardiac death is not elevated for women treated since 1990 (32). Th is improvement 
could be related to improved techniques or possibly decreased targeting of the 
internal mammary lymph nodes. While current breast radiotherapy doses to the 
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heart are signifi cantly less, there is no entirely safe dose and the eff ects of radiation 
to the heart are dose-dependent (33).

Cognitive Impairment and Fatigue
Seventy-fi ve percent of breast cancer patients report decline of cognitive function 
during their treatment and 35% report continuing impairment aft er treatment ends 
(34–36). Th e presence of treatable and contributing factors of cognitive impairment 
such as depression, insomnia, substance abuse, medication eff ects, and causes of 
fatigue should be evaluated (3,4). However, oft en no distinct cause can be identifi ed 
and the patient is assumed to have cognitive impairment related to treatment.

“Chemo brain” is a lay term given to this phenomenon and it can be a source 
of fear and anxiety for those patients about to embark on cancer treatment (37). 
Th ese subtle yet signifi cant eff ects on cognitive functioning can have a large impact 
on quality of life (37,38).

Breast cancer patients appear to be particularly susceptible to cognitive defi cits 
for numerous reasons including eff ects of cancer itself, emotional stress of the 
 diagnosis, and the sequelae of chemotherapy and hormone therapy. Multiple stud-
ies have confi rmed objective evidence of cognitive decline aft er chemotherapy 
(37–39). Analyses using a battery of neuropsychological tests have shown defi cits 
in various cognitive domains including visuospatial ability, executive function, 
information processing speed, and verbal and visual memory (40,41). Most of 

Box 11.1 Cardiac Monitoring Recommendations for HER2 
Directed Agents

• Pretreatment and serial echo or multigated acquisition (MUGA) study at 
 approximately every 3 month intervals (26).

• Follow cardiac function with the same test and do not switch from MUGA 
to echo and vice versa in the same patient.

• If the LVEF falls >15 points from baseline or ≥10 points and below the 
institutional limits of normal, hold HER2 directed therapy for 4 weeks and 
repeat cardiac imaging.

• If the LVEF returns to normal, HER2 therapy can be reinitiated; other-
wise, repeat cardiac imaging in 4 weeks.

• Any symptoms of CHF (increased dyspnea on exertion, edema, weight gain, 
new murmur) should prompt an immediate evaluation for cardiac toxicity.

• HER2 directed agents are discontinued for the development of clinical 
heart failure.

• Cardiac toxicity is more frequent and severe when trastuzumab is used 
in combination with anthracyclines; thus, in practice they are not given 
concurrently. It is unclear if one potentiates the eff ects of the other or if 
each has an independent mechanism (23).

Source: From Ref. (23). Perez EA, Suman VJ, Davidson NE, et al. Cardiac safety analysis 
of doxorubicin and cyclophosphamide followed by paclitaxel with or without trastu-
zumab in the North Central Cancer Treatment Group N9831 adjuvant breast cancer 
trial. J Clin Oncol. 2008;26(8):1231–1238.
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these defi cits were small to moderate but consistent throughout diff erent studies 
looking at eff ects of adjuvant chemotherapy on neurocognitive function. Studies 
with brain imaging in breast cancer patients who have received chemotherapy 
show structural changes refl ective of treatment eff ects (42,43). Th e exact timing 
and duration of the impairment is still unclear (41). Risk factors for cognitive 
impairment include older age; cyclophosphamide, methotrexate, and fl uorouracil 
(CMF) regimen; and lower cognitive reserve (44,45).

In addition to cytotoxic agents, breast cancer patients with hormone-receptor-
positive breast cancer receive adjuvant hormonal therapy. Tamoxifen has been 
found to have a negative impact on cognitive function (39). Along the same princi-
ples, AIs, which are known to cause estrogen-deprived states, have also been shown 
to cause mild cognitive impairment when compared to tamoxifen; however, the 
role of these agents in posttreatment cognitive dysfunction has not been well estab-
lished (46,47).

As health care providers for breast cancer survivors, understanding the pos-
sibility of cognitive dysfunction and its eff ect on quality of life and function in 
society is essential.

• Th e clinical validation that posttreatment cognitive dysfunction is a real entity 
and reassurance to the patient that the cognitive eff ects are not progressive 
and have not been associated with progression to dementia helps ease many 
patients’ concerns.

• Neuropsychological testing, occupational therapy, and speech therapy has been 
helpful for some patients in developing coping techniques.

• Encouragement of physical activity, meditation, mindfulness stress reduc-
tion, limitation of alcohol, and promotion of good sleep hygiene may benefi t 
 cancer-associated cognitive dysfunction (3).

Fatigue is very common in cancer patients treated with radiation and chemo-
therapy, and some patients experience longer lasting symptoms causing disrup-
tions in quality of life and increased distress. Th e NCCN defi nes cancer-related 
fatigue as the “a distressing persistent, subjective sense of physical, emotional, 
and/or cognitive tiredness or exhaustion related to cancer or cancer treatment 
that is not proportional to recent activity and interferes with usual functioning.” 
Fatigue can be exacerbated by medications, anemia, nutritional defi ciency, thy-
roid dysfunction, adrenal insuffi  ciency, cardiac or pulmonary dysfunction, pain, 
deconditioning, depression, and insomnia; these entities should be evaluated 
based on history (3,4).

DISTRESS, DEPRESSION, ANXIETY, AND SLEEP DISORDERS

Distress is the “multifactorial unpleasant emotional experience of a psychological 
(ie, cognitive, behavioral, emotional), social, and or spiritual nature that may inter-
fere with the ability to cope eff ectively with cancer and/or its physical symptoms, 
and its treatment.” Breast cancer patients may be uniquely susceptible to depres-
sion, anxiety, and resultant distress due to decreased estrogen levels secondary to 
hormone therapy and chemotherapy (48). Estrogen has been shown to have anti-
depressive eff ects, and treatment for breast cancer can lead to an estrogen-deprived 
state (48). It is important to routinely assess breast cancer survivors for distress and 
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mental health disorders and off er appropriate counseling, treatments, and referrals 
as necessary.

We recommend the use of the distress thermometer, Patient Health Question-
naire-9 or -12, or the General Anxiety Disorder 7 item scale; validated screening 
tools for distress, depression, and anxiety; these should be implemented regularly. 
Identifi cation of substance abuse is also important as it can exacerbate any mental 
illness (49–51). NCCN also recommends screening for panic disorder, posttrau-
matic stress disorder, and suicidal ideations (3).

In collaboration with their primary care physicians, breast cancer survivors 
should undergo routine assessments for signs and symptoms of insomnia, depres-
sion, anxiety, and distress. For those at higher risk, a more thorough assessment 
may be needed. To ensure appropriate and timely management, there should be 
a low threshold to refer these patients to mental health professionals for evalua-
tion and management. Counseling, mindful meditation, hope therapy, and making 
meaningful interventions have helped many breast cancer survivors (52). Other 
times, pharmacologic assistance may be needed as well.

Major depressive disorder (MDD) was found to have a prevalence of 22% 
among breast cancer survivors and only 11.6% in the general cancer population 
(4). Th e rate of depression in breast cancer (4.5%–46%) is higher than rates in most 
other cancer types, behind only oropharyngeal (22%–57%) and pancreatic cancers 
(33%–50%) (53). In the fi rst year aft er diagnosis patients are at the highest risk for 
MDD, especially for younger patients and those who have received chemotherapy 
(48). Th ese high rates of depression may be due to a multitude of factors including 
body image issues, physical eff ects of treatment, loss of sexual function, ongoing 
fatigue, and perpetual concern about recurrence.

Anxiety rates are also very high in breast cancer patients. One large cohort study 
found pure anxiety symptoms in 14.7% and mixed anxiety/depression in 10.8% of 
patients (54). Despite the high rates of depression and anxiety among breast cancer 
patients, dedicated studies on management of these patients are lacking. Pharma-
cotherapy and psychotherapy are the mainstay of treatment for mild to moderate 
depression and anxiety. Studies that included patients with breast cancer have shown 
selective serotonin reuptake inhibitors (SSRIs), serotonin–norepinephrine reuptake 
inhibitors (SNRIs), tricyclic antidepressants, and mirtazapine to be eff ective treatment.

Patients should be counseled on the expected side eff ects and the multiple 
weeks it takes for SSRIs and SNRIs to become eff ective. A review of the side eff ects 
may be helpful in treating concomitant problems the patient may face (insomnia, 
appetite issues, pains, hot fl ashes). Short-term use of benzodiazepines in cases of 
anxiety may be necessary but long-term use should be limited.

For those taking tamoxifen, the antidepressive medications duloxetine, 
sertraline, fl uvoxamine, paroxetine, fl uoxetine, and bupropion may inhibit 
metabolism of tamoxifen to its active metabolites via the cytochrome P450 2D6 
enzymes, leading to a decrease in therapeutic eff ect of tamoxifen. In this situa-
tion, alternative antidepressants should be considered if possible (55).

Sleep disorders are prominent in cancer patients and may contribute to cogni-
tive impairment, fatigue, and depression. Treating contributing factors such as pain, 
hot fl ashes, sleep apnea, and activating medications are important steps in address-
ing sleep disorders. Review of sleep hygiene, exercise times, caff eine  consumption, 
and meditation techniques may help regulate sleep. Cognitive behavior therapy is 
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also recommended. Pharmacologic agents can be used short term, but most rec-
ommend limited exposure.

LYMPHEDEMA, MUSCULOSKELETAL PAIN, AND BONE HEALTH

Musculoskeletal symptoms are commonly reported in patients who are undergo-
ing or have undergone treatment for breast cancer. Twenty-fi ve to sixty percent of 
breast cancer patients experience chronic pain as a result of their treatments (56). 
Surgery may cause chest wall pain and diffi  culties in movement of the upper 
extremity on the side of surgery.

 h Lymphedema, decrease in  shoulder range of motion, and axillary web 
syndrome (scarring in the axilla) may occur after surgery. Patients should be 
referred for physical therapy following  surgery or if symptoms develop.

According to a meta-analysis of 72 studies, the risk of lymphedema in patients 
undergoing sentinel lymph node biopsy (6%) is lower than axillary dissection 
(20%) (57). Postoperative radiation to the axillary and supraclavicular lymph nodes 
can increase the risk of lymphedema with a signifi cant impact being related to the 
extent of the axillary dissection (58). Obesity also increases the risk of lymphedema. 
Signifi cant lymphedema can be diffi  cult to treat and therefore primary prevention 
and early identifi cation of mild cases prior to progression are very important.

Secondary prevention to minimize limb swelling aft er the development includes 
good skin hygiene and prevention of infection, use of sleeves/gloves/elevation, and 
obtaining ideal body weight.

For patients with signifi cant lymphedema, treatments (in order of increasing 
intensity for severity) can include increased hours of compression from garments, 
massage for manual lymphatic drainage, complete decongestive therapy, and pneu-
matic compression.

MUSCULOSKELETAL PAIN/SYMPTOMS

Bone Pain
Systemic treatments with chemotherapeutics, antiresorptive agents, and granulo-
cyte colony stimulating factors (G-CSF) are associated with bone pain. G-CSF can 
trigger an infl ammatory response and increase histamine levels; antihistamines 
such as loratadine are thought to antagonize these eff ects and relieve pain associ-
ated with G-CSF (59). Th e antiresorptive agents zoledronic acid and denosumab 
have a side-eff ect profi le that includes musculoskeletal pain (60). It is important 
to alert patients to these acute side eff ects so that they can be prepared to man-
age them appropriately. However, given that this pain is short-lived, most patients 
 tolerate these therapies well.

Musculoskeletal Symptoms of Hormonal Therapy
Hormonal therapy has been associated with musculoskeletal eff ects; given the 
daily administration, the side eff ect can be chronic and greatly aff ect quality of life. 
Arthralgia is seen in up to 50% of patients treated with AIs, which is the most eff ec-
tive adjuvant treatment of early-stage hormone-receptor-positive breast cancer in 
postmenopausal women (61,62).
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Aromatase inhibitor-induced musculoskeletal symptoms (AIMSS) are generally 
symmetric pain, stiff ness, and soreness aff ecting joints in the hands, knees, hips, 
lower back, shoulders, and feet. Th ese joint symptoms are distinct from infl amma-
tory arthritis with negative infl ammatory markers (63). Th e musculoskeletal side 
eff ects can have a signifi cant impact on quality of life and lead to nonadherence 
and premature discontinuation of treatment, jeopardizing the potential therapeu-
tic benefi ts of AIs (64–66). Th ese symptoms are thought to be secondary to estro-
gen deprivation (67). No specifi c risk factors have been identifi ed, but studies have 
suggested younger patients and those with prior taxane exposure may be more sus-
ceptible (68–70). One large study showed that 5% to 25% of patients discontinued 
AI therapy during the fi rst 2 years and only 32% to 73% fi nish the recommended 
5 years (71). Anecdotal evidence and previous studies show AIMSS to be a major 
contributor.

Patient education and active management of AIMSS plays a large role in suc-
cessful treatment with AIs. Patients should be made aware of potential joint 
symptoms prior to treatment. If these symptoms occur, aggressive management 
should be pursued to maximize adherence. Management of AIMSS can pose 
a challenge. Nonpharmacologic modalities such as exercise and acupuncture 
have been shown to have statistically signifi cant reductions in pain and lead 
to improvements in quality of life (72–74). Th e most widely used pharmaco-
logic agents are nonsteroidal anti-infl ammatory drugs and acetaminophen, 
although the eff ect is modest. Other pharmacologic agents including tra-
madol, tricyclic antidepressants, and duloxetine may be used at times; we 
discourage routine use of narcotics for management of AIMSS symptoms 
(63,75). 

 h If symptoms are interfering with daily activities, we recommend switch-
ing to a different AI (although side-effect profi les are similar) or tamoxifen to 
 complete duration of therapy.

Bone Loss
Th e loss of bone mineral density and the development of osteopenia and oste-
oporosis are important late eff ects of chemotherapy, premature ovarian failure, 
gonadotropin-releasing hormone (GnRH) suppressors, and AIs (4,76,77). All 
women should be counseled on the importance of bone health and weight bear-
ing exercise and the avoidance of excessive alcohol and smoking; in addition, 
calcium (1,200 mg/day) and vitamin D (1,000 IU/day) supplementation should 
be recommended (78).

Women on AIs are at the highest increased risk for bone loss, so screening by 
dual energy x-ray absorptiometry (DEXA) is recommended at least every 2 years 
(4). Premenopausal women who experience early menopause from cancer thera-
pies and are willing to consider osteoporosis treatment should also receive testing 
(78). In women found to have osteoporosis or a high 10-year risk of hip (>3%) or 
major osteoporotic fracture (>20%) by FRAX score, pharmacologic treatment with 
bisphosphonates and denosumab should be implemented (78). Evaluation of the 
risk of osteonecrosis of the jaw and appropriate dental consult should be addressed 
prior to starting the agents.
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Neuropathy
Peripheral neuropathy is one of the common side eff ects of breast cancer 
 treatment and may have great impact on quality of life (79,80).  Chemotherapy-
induced peripheral neuropathy (CIPN) is a common side eff ect of regimens con-
taining platinum, vinca alkaloids, and/or taxanes (81).

While taxanes are an integral part of standard treatment of breast cancer and 
have been shown to improve survival in early-stage breast cancer, grade 2 to 3 
CIPN can be experienced by up to 16% of patients (82–84). In another study, 
28.7% of patients were diagnosed with CIPN within the fi rst year aft er diagnosis 
(85). CIPN is more commonly seen with paclitaxel than with docetaxel and the 
degree of neurotoxicity has been associated with cumulative dose of these agents 
(86–90).

No standardized assessment tool for CIPN exists, and CIPN remains mostly a 
clinical diagnosis (91). Common clinical features include paresthesia, dysesthesia, 
shock-like sensation, altered proprioception, and imbalance (92). Several mech-
anisms have been identifi ed to explain taxane-induced neuropathy. Ultimately, it 
is likely a combination of axonal damage, damage to peripheral nerves, and myel-
inopathy (92). Risk factors for developing neuropathy include other comorbid 
conditions associated with neuropathy such as diabetes and alcohol consumption 
(86,88).

Th ere are no approved treatments specifi cally for CIPN. Most of the treatments 
are aimed at symptom management. Th e most eff ective management strategy is to 
prevent the development by carefully assessing symptoms of neuropathy during 
chemotherapy treatments and adjusting treatment if needed to try to prevent long-
term damage. Duloxetine has been shown to have some benefi t in treating CIPN 
and is recommended by ASCO Clinical Practice Guidelines (82). Other pharma-
cologic agents that may be eff ective include gabapentin, tramadol, and tricyclic 
antidepressants. Nonpharmacologic modes of symptom management including 
acupuncture, electrical stimulation therapies like spinal cord stimulation, or trans-
cutaneous or percutaneous electrical nerve stimulation may be helpful and are 
described more in Chapter 10.

Although most eff ects are reversible, long-term follow-up and continued eval-
uation for neurotoxicity is an important part of posttreatment health assessments 
in breast cancer survivors.

INFERTILITY, MENOPAUSAL SYMPTOMS, GYNECOLOGIC AND 

SEXUAL HEALTH

Infertility
Th e risk of infertility due to premature ovarian failure from chemotherapy needs 
to be discussed prior to the initiation of systemic therapy. Infertility can have a 
large impact on patients’ distress and quality of life (93). In many cases, a repro-
ductive endocrinologist can perform egg harvesting and possible in vitro fertil-
ization prior to chemotherapy for implantation at a later date. Alternatively, the 
Prevention of Early Menopause Study (POEMS) showed that goserelin (a GnRH 
agonist) administered 1 week prior to chemotherapy resulted in less  premature 
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ovarian failure at 2 years and led to higher pregnancy and live births as sec-
ondary outcomes (94). Of note, this study was in hormone- receptor-negative 
patients.

 h Early recognition of the need for counseling and referral to infertility 
 specialists is important to prevent delays in chemotherapy and lead to optimal 
long-term results for young patients.

Vasomotor Symptoms—Hot Flashes
One of the most common complaints from women who undergo premature meno-
pause from chemotherapy and those who are treated with hormone therapies is the 
vasomotor symptom of hot fl ashes.

A hot fl ash is characterized by sudden onset of feelings of heat which “seem to 
come from nowhere” and spread upwards through the body, chest, neck, and face. 
Th e frequency, duration, and intensity of the hot fl ash are highly individualized 
and the syndrome may be associated with sweating, dizziness, heart palpitations, 
and light-headedness.

In the Anastrozole, Tamoxifen, Alone or in Combination (ATAC) trial, rates of 
hot fl ashes were 36% for patients receiving anastrozole and 41% for patients receiv-
ing tamoxifen (95). Th e Tamoxifen Exemestane Adjuvant Multinational (TEAM) 
trial evaluated menopausal symptoms and again found higher rates of hot fl ashes 
in patients taking tamoxifen; they noted hot fl ashes peaked at 3 months aft er the 
start of treatment and were decreasing by 12 months (96).

Clinical recommendations for hot fl ashes:

1. Nonpharmacologic treatment of hot fl ashes to include avoidance of triggers 
(alcohol, hot beverages, smoking, tight clothes), behavioral modifi cations 
(meditation, biofeedback), and acupuncture (97).

2. Pharmacologic treatment for patients can include the use of serotonin reuptake 
inhibitors, SNRIs, gabapentin, and clonidine.

3. Again, it is important to avoid treatment with a strong inhibitor of CYP2D6 
(paroxetine, fl uoxetine, duloxetine, sertraline) when patients are on tamoxifen 
as there is reduction in the effi  cacy of tamoxifen. Venlafaxine (Eff exor) is the 
recommended agent for patients receiving tamoxifen.

Sexual Side Effects
From body image concerns to the physical eff ects of vaginal dryness and atro-
phy with estrogen deprivation, the loss of sexual desire, intimacy, and pleasure is 
common in breast cancer survivors. Th is can result in high levels of distress and 
decreases in quality of life. Recommended treatments for atrophic vaginitis and 
vaginal dryness resulting in dyspareunia include lubricants and moisturizers. 
When water-based products are insuffi  cient, silicone-based products may provide 
more relief (4).

For some women with severe cases of dyspareunia, small quantities of vaginal 
estrogens 2 to 3 times per week need to be considered and typically provide relief 
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of symptoms (98). It is important to remember that vaginal treatment with estro-
gen preparations (creams or tablets) is associated with a small amount of systemic 
absorption of estrogen and therefore has to be considered carefully in the context 
of the risk of recurrence and type of adjuvant treatment (AI).

In one retrospective study of 1,472 breast cancer patients, there was no increase 
risk of breast cancer recurrence in the 69 patients (4.7%) using vaginal estrogen 
(through low-dose estradiol tablets or estriol cream) (99). We recommend vaginal 
estrogen only aft er moisturizer and lubricants have been unsuccessful. It is import-
ant to mention that SERMs (tamoxifen) are less likely to cause vaginal dryness and 
can be used instead of an AI for adjuvant therapy in hormone-receptor-positive 
patients.

When intimacy and body image issues are prominent causes of sexual dissatis-
faction, psychotherapy and counseling can provide support. A referral to a sexual 
health specialist can be considered if necessary.

BODY IMAGE CONCERNS AND HEALTHY LIVING

In patients treated for breast cancer there is a daily reminder of the disease through 
scars, a missing breast, loss of sensation to the breast, and changes in breast shape 
that accompany treatment. Discussion of the psychological implications and 
validation of the feeling of normality can help patients deal with their concerns. 
Patients are oft en helped with support groups. Prescriptions for wigs, customized 
breast prosthesis, and bras are helpful for patients.

 h Certain studies have shown that weight gain after breast cancer treat-
ment is associated with increased risk of recurrence and death (100). Encour-
aging patients to exercise and eat healthy are the key preventative health 
strategies that should be addressed regularly. Nutritional counseling, phys-
ical training, and support groups can all provide support in this long-term 
endeavor.

SURVIVORSHIP CARE PLANNING

Given the complexity of all these issues, the Commission on Cancer set a goal that 
comprehensive survivorship care plans be provided to all patients by 2019. Th ese 
comprehensive plans are written documentation of the diagnosis, treatment, and 
follow-up plan for cancer survivors. Th ese documents serve as a communication 
tool between oncologists, patients, and primary care providers. Th e care plans need 
to be explained and delivered to patients at the end of their active treatment so 
that patients are not lost to follow-up. Th ey summarize the plan for management 
of the multitude of issues that may develop during or aft er treatment. However, 
survivorship cannot be addressed in one visit or with one care plan. It should be 
continuously addressed by all members of the care team and updated as new issues 
arise and old issues resolve.

Th e physical, social, and emotional toll of cancer and its treatment can be life-
long. Breast cancer survivors deserve a well thought out plan that addresses all 
their needs.
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