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Preface

This is the first edition of Changing Paradigms in the Management of Breast Cancer. 
Breast cancer treatment has evolved over the past 20 years. Breast conservation and 
mastectomy have been the mainstay of treatment; however, sentinel lymph node 
biopsy has become the standard of care. Surgically, we have had debates on, and 
now hopefully resolution of, margin status, and we have witnessed the rise of con-
tralateral prophylactic mastectomy. On the systemic side, there has been an increase 
in targeted therapy especially with Her2 agents. The use of genomic profiling has 
also spurred an era of new management of breast cancer patients. Many aspects of 
breast cancer care continue to evolve.

This text is designed to present a comprehensive and state-of the-art approach to 
the management of breast cancer within the fields of surgery, medical oncology, and 
radiation oncology. Sections will address changes in these fields. We will start with 
examining new techniques in breast imaging. This will be followed by surgical 
issues including the management of the axilla, surgical margins, and nipple-sparing 
and contralateral mastectomies as well as current trends in breast reconstruction. 
Atypical lesions of the breast will be highlighted. Subsequent chapters will focus on 
issues in medical oncology including triple-negative breast cancer and metastatic 
disease. New paradigms in radiation oncology treatment will be explored. Breast 
cancer treatment in the elderly and in the young and genetic risk in breast cancer 
management will also be discussed. Written by a diverse and distinguished group of 
experts in their field, each of these sections will address advances and changes in the 
field. A brief review of the existing literature addressing the particular topic will be 
included in each section. Finally, I would like to thank Maureen Alexander for help-
ing in the preparation of the manuscript.

Access to a comprehensive multidisciplinary resource for breast cancer patients 
is currently limited in the literature. As such, there is no single source to provide 
information on advances and outcomes for physicians, fellows, residents, nurse 
practitioners, and physician assistants caring for breast cancer patients in a multidis-
ciplinary setting. We hope that Changing Paradigms in the Management of Breast 
Cancer becomes a useful resource for clinicians and adds to the knowledge 
 necessary to provide up-to-date care for our patients with breast cancer.

Winston-Salem, NC, USA Marissa Howard-McNatt, MD
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1Breast Imaging: Tomosynthesis, 
Elastography, Breast MRI and Emerging 
Techniques

Nancy A. Resteghini, Michael D.C. Fishman, 
and Priscilla J. Slanetz

Breast imaging plays a critical role in the detection, diagnosis, and management of 
women diagnosed with breast cancer. Although there are a multitude of risk factors 
associated with breast cancer, such as female gender, increasing age, and family 
history, the density of breast tissue as evident on mammography has more recently 
been identified as an independent risk factor [1]. Although some studies suggest that 
the lifetime risk increases by four to six times for women with dense breast tissue, 
this is misleading as this compares women with extremely dense tissue to women 
with predominantly fatty breasts, both of which represent a minority of the popula-
tion [2]. More realistically, the lifetime risk is only increased by 1.2–2.1 times in a 
woman with heterogeneously dense or extremely dense breasts, respectively, when 
compared to the average woman who has scattered fibroglandular tissue [1, 3, 4]. 
However, as breast density is known to lower the sensitivity of mammography due 
to “masking” of cancers, the integration of newer modalities for the management of 
newly diagnosed breast cancer, such as digital breast tomosynthesis, ultrasound, 
and magnetic resonance imaging (MRI), continues to evolve. In addition, recent 
legislative efforts that mandate direct patient notification of breast density exist in 
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nearly 50% of states in the USA. Consequently, there is a growing research on 
developing more sensitive and specific tools to “see through” the dense tissue and 
therefore permit earlier cancer detection, which should translate into improved 
outcomes.

In this chapter, we review the current role of digital mammography, digital breast 
tomosynthesis, ultrasound, and magnetic resonance imaging (MRI) for routine and 
supplemental screening of breast cancer and review the role of these modalities in 
the management of breast cancer. We also will discuss the role of two emerging 
modalities – contrast-enhanced mammography and abbreviated MRI. By providing 
insight into the advantages and disadvantages of the currently available imaging 
modalities, providers should be able to optimize the imaging evaluation of women 
with suspected and newly diagnosed breast cancer.

 Digital Mammography and Breast Tomosynthesis

Mammography consists of two-dimensional (2D) images of a three-dimensional 
(3D) breast. For screening of asymptomatic women, mediolateral oblique (MLO) 
and craniocaudal (CC) projections of each breast are acquired [5]. In all centers 
accredited by the American College of Radiology (ACR), an MQSA-certified breast 
radiologist interprets the screening examination and will recall the patient for addi-
tional diagnostic imaging if a finding is deemed to warrant further evaluation. In 
most practices, approximately 10% of asymptomatic women in the screening popu-
lation are recalled for diagnostic evaluation. When the woman returns, she may 
undergo additional diagnostic mammographic views or ultrasound. Any woman 
who has a focal symptom or findings concerning for breast cancer on clinical exam-
ination undergoes diagnostic mammography, which typically entails the standard 
CC and MLO views, additional spot compression imaging, and usually ultrasound. 
Based on the diagnostic work-up, the patient may return to routine screening or be 
asked to undergo either follow-up imaging or image-guided biopsy. Interpretation 
of mammography is standardized using the Breast Imaging Reporting and Data 
System (BIRADS) lexicon [5]. In addition to describing any finding (such as asym-
metry, mass, calcifications, or architectural distortion) using standardized terminol-
ogy, the breast density (i.e., the relative amount of glandular tissue to fat in the 
breast) is also reported according to four categories: predominantly fatty, scattered 
fibroglandular, heterogeneously dense, or extremely dense (Fig. 1.1) [5]. Finally, a 
final assessment category between 0 and 6 is added to the breast imaging report as 
a standardized way to summarize the clinical significance of the imaging findings.

At present, although controversy persists surrounding the optimal screening 
interval, mammography remains the only modality that has been proven to reduce 
mortality from breast cancer by up to 30% [6]. The controversy surrounding screen-
ing stems from concerns over the number of false positives, especially in younger 
women with dense tissue, and the potential of overdiagnosis of ductal carcinoma in 
situ (DCIS). Both of these concerns do warrant an informed discussion with every 
woman, but given that there is no other proven test for early detection of breast 
cancer, nearly all women still opt to participate in screening. In addition, given the 
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mortality benefit, many major medical organizations continue to recommend annual 
screening mammography starting at the age of 40 years for the average-risk woman 
and earlier if the patient is deemed to be at elevated risk.

With sensitivity of approximately 90% and specificity of 89% for the average 
breast (scattered fibroglandular tissue), the presence of dense breast tissue (het-
erogeneously dense or extremely dense) lowers the sensitivity of mammography 
to as low as 62–68% on film-screen but this increases to approximately 83% with 
digital techniques [7–9]. As mammographic sensitivity is lower in women with 
dense breast tissue, practice is evolving on how best to screen these women, as 
approximately 40–50% of the US population is known to have dense breast tissue. 
A recent change in the BIRADS lexicon on how breast density is characterized 
also likely will lead to an even greater percentage of women being characterized 
as “dense” as the current edition recommends that any patch of dense tissue be 
classified as “dense” [5]. In addition, it is important to recognize that in most 
practices, breast density is subjectively assessed and that there is considerable 
inter-reader variability, especially for a majority of women (those who either have 
scattered fibroglandular tissue or heterogeneously dense tissue) [7, 10–12]. Breast 
density can also be affected by patient age, parity, hormone replacement therapy, 
body mass index, and genetic predisposition [13–15]. For women with dense tis-
sue, the multicenter prospective DMIST study of 49,528 women showed that 
screening with digital mammography increased cancer detection by women with 
heterogeneously dense or extremely dense breasts on mammography (difference, 
0.11; 95% confidence interval, 0.04–0.18; P = 0.003) [16] (Fig. 1.2). Consequently, 
women with dense tissue ideally should be imaged using digital equipment when-
ever possible. Fortunately, in 2016, greater than 95% of accredited imaging facili-
ties have digital technology [17].

Fig. 1.1 Breast tissue patterns according to the fifth edition of the BIRADS lexicon. (a) 
Predominantly fatty, (b) scattered fibroglandular, (c) heterogeneously dense, and (d) extremely 
dense

1 Breast Imaging: Tomosynthesis, Elastography, Breast MRI and Emerging Techniques
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However, mammography has other limitations. Given that up to 10% of women 
may be recalled for additional imaging for a majority of findings that ultimately are 
dismissed or are benign, there is a continued need to improve this technology, that 
is, increase cancer detection while decrease the recall rate from screening. At pres-
ent, with conventional mammographic imaging, superimposed or overlapping 
breast tissue on one of the 2D images is the leading cause for recall from screening, 
which is more common in women with dense breasts [18, 19].

Digital breast tomosynthesis (DBT) is a newer modality that can overcome some 
of the current limitations of conventional digital mammography [19]. First approved 
by the Food and Drug Administration (FDA) in 2011, this technology acquires both 
an arc of projection images that are reconstructed into a pseudo-3D dataset and 
conventional images (either as a separate acquisition or reconstructed from the 3D 
dataset). When acquired as a separate acquisition, combining DBT with conventional 

Fig. 1.2 Forty-six-year-old woman with 2 cm mass in the lower inner right breast on screening 
mammography. (a) MLO view shows an asymmetry inferiorly. (b) Spot compression MLO view 
confirms an irregular mass with distortion. (c) Ultrasound shows an irregular hypoechoic shadow-
ing mass. Biopsy revealed grade 2 invasive lobular carcinoma

N.A. Resteghini et al.
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digital mammography comes with at least two times the radiation dose to the patient 
as compared to digital mammography alone. However, DBT has substantial advan-
tages as the interpreting radiologist can scroll through the 3D dataset almost entirely 
eliminating overlapping breast tissue [20–22]. In addition, in several recent studies, 
when combined with digital mammography, digital breast tomosynthesis has been 
shown to decrease recall rates and improve detection of invasive breast cancers as 
compared to digital mammography alone (Fig. 1.3) [23–26]. A recent observational 
study by Rose et al. where DBT was integrated into a screening practice resulted in 
significant decreases in recall rates from 8.7 to 5.5% (p < 0.001) with increase in 
detection of invasive cancer from 2.8 to 4.3 per 1000 screening examinations and an 
increase in the positive predictive value for recalls from 4.7 to 10.1% (p < 0.001) 
[24]. Sharpe et al. evaluated 85,852 patients in a prospective study and demon-
strated that DBT was associated with a 54.3% increase in the cancer detection rate 
compared with 2D mammography (3.5–5.4 per 1000; absolute change, +1.9 per 
1000; relative change, +54.3%; P < 0.018) [18].

Fig. 1.3 Seventy-six-year-old woman with dense breast parenchyma for annual full-field digital 
mammogram with digital breast tomosynthesis (DBT). (a) Conventional 2D lateral view is nega-
tive for malignancy. (b) Architectural distortion (arrow) is identified only on DBT image. A mass 
was seen on subsequent ultrasound (not shown) with subsequent biopsy pathology of grade 1 
invasive ductal carcinoma

1 Breast Imaging: Tomosynthesis, Elastography, Breast MRI and Emerging Techniques
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Although DBT clearly adds value in the screening setting, it also is helpful in 
the diagnostic work-up of patients with suspicious findings on clinical exam or 
those recalled from screening. This is particularly true in women with scattered 
fibroglandular tissue or heterogeneously dense breast tissue, as DBT can detect 
additional suspicious areas in women with newly diagnosed cancer or provide 
reassurance that the area of concern is benign or not clinically significant, resulting 
in fewer biopsies and specifically, fewer false-positive biopsies [27–30]. Digital 
breast tomosynthesis is particularly useful in characterizing margins of masses that 
are otherwise obscured by overlapping breast tissue on conventional imaging [31, 
32]. Consequently, imaging protocols continue to evolve. For example, in most 
centers where a majority of women undergo screening using both digital mammog-
raphy and DBT, if a circumscribed mass is seen on DBT, the patient is recalled for 
ultrasound only, thereby frequently avoiding any further diagnostic mammo-
graphic views and associated radiation (Fig. 1.4). While DBT considerably 
improves cancer detection and lowers recall rates, it remains an imperfect modal-
ity, particularly for women with extremely dense tissue. In order to detect malig-
nancy, DBT relies on interfaces between the glandular tissue and fat, which is 
essentially non-existent in this subgroup of women [12].

Fig. 1.4 Forty-three-year-old woman with obscured mass in the inner right breast on conventional 
MLO view (a) Tomosynthesis reveals circumscribed margins (b) Instead of additional diagnostic 
mammographic views to better characterize the margins, the patient was recalled to undergo ultra-
sound that revealed a simple cyst (c)

N.A. Resteghini et al.
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 Ultrasound and Elastography

Ultrasound uses sound waves to image the breast tissue and therefore comes with 
no radiation exposure to the patient. In most circumstances, breast ultrasound serves 
to complement mammography as a diagnostic tool for characterization of breast 
findings on both clinical exam and imaging. Breast ultrasound is mainly used to 
differentiate cystic from solid masses and can often classify benign from malignant 
masses for some women [33]. Ultrasound guidance for percutaneous core needle 
biopsy expedites the diagnosis of breast malignancy or confirms a benign diagnosis. 
In addition, image-guided biopsy streamlines the management of women eventually 
diagnosed with breast cancer by providing improved preoperative planning with 
diagnostic accuracy comparable to an open surgical biopsy [34].

One limitation of breast ultrasound, however, is the inconsistent differentiation 
of benign from malignant lesions. While not widely available, some breast imaging 
practices are beginning to incorporate breast elastography into diagnostic imaging. 
This technique can be performed at the time of the diagnostic breast ultrasound and 
provides information about tissue stiffness [35–37]. Typically, invasive cancers are 
“stiffer” or less elastic than normal breast tissue or even benign breast lesions [36, 
38]. By incorporating this technique into diagnostic imaging, it has the potential to 
improve ultrasound specificity and decrease the number of benign breast biopsies 
(Fig. 1.5) [37–39].

More recent studies suggest that ultrasound of the whole breast can be performed to 
screen high-risk women and women with dense breast tissue with several studies show-
ing that ultrasound can detect mammographically occult malignancy [40–42]. A study 
of 13,547 women undergoing screening mammography and ultrasound showed that 
with the addition of screening ultrasound, for all women, sensitivity for breast cancer 
detection increased from 74.7 to 97.3%, and in the cohort of women with extremely 

Fig. 1.5 Elastography showing that the solid macrolobulated mass seen on gray-scale ultrasound 
(left image) has high velocities highly suspicious for malignancy (right image). Biopsy confirmed 
invasive ductal carcinoma (Reprinted with permission from Ref. [80], Richard G. Barr, Breast 
Elastography. Thieme Publishers Inc. 2014)

1 Breast Imaging: Tomosynthesis, Elastography, Breast MRI and Emerging Techniques
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dense breast tissue, the sensitivity increased from 47.6 to 76.1% [8]. As a result of this 
data, some advocate for supplemental ultrasound screening of all women with dense 
breast tissue. However, the incremental cancer detection is 0.3–14.0 cancers/1000 
women screened depending on the patient’s risk status (being closer to 4–7/1000 if high 
risk and closer to 2/1000 if low or average risk) [43]. In addition, supplemental screen-
ing with ultrasound leads to substantial false positives with positive biopsy rates less 
than 10% [41–44]. Therefore, not all clinicians advocate for screening with this modal-
ity. In fact, based on current evidence and weighing the risks and benefits of the various 
available modalities, if a patient is considered high risk, MRI is the preferred supple-
mental screening modality (discussed in further detail below), whereas if the patient is 
low or average risk, digital mammography with DBT is advisable [45].

 Breast Magnetic Resonance Imaging

Magnetic resonance imaging of the breast is an imaging technique that uses a 
high- field magnet to image the breast tissue and demonstrates high sensitivity and 
specificity for breast cancer [46]. During the study, which is most commonly per-
formed on a 1.5-Tesla magnet, the patient lies prone with the breasts pendent 
within a dedicated imaging coil. After acquiring some non-contrast images, intra-
venous contrast is administered (unless the study is only being performed to 
assess silicone implant integrity) to highlight the neo-vascularity of the tissue, and 
dynamic imaging is done for approximately 5–6 min after contrast injection. 
Since MRI highlights contrast enhancement, breast tissue density is less relevant 
in limiting sensitivity, as compared to mammography. In order to minimize back-
ground parenchymal enhancement (marked background enhancement does lower 
detection of DCIS and invasive lobular cancers) and minimize false positives 
(highest in perimenopausal women), the ideal time for breast MRI is between 
days 5 and 15 of the menstrual cycle, as the uptake of intravenous contrast is 
affected by hormonal fluctuations. However, in newly diagnosed cancer patients, 
it is not always possible to time the study accordingly. Therefore, when patients 
are imaged outside of this window, there is a greater chance of a false positive. 
Given that MRI does carry the risk of false positives, it is important to obtain 
histopathologic confirmation via MRI- guided breast biopsy for any finding prior 
to finalizing management recommendations.

Currently, breast MRI is utilized for screening as well as breast cancer diagnosis 
and staging. Clinical trials from the USA and Europe have demonstrated that MRI 
can significantly improve cancer detection that is otherwise clinically, mammo-
graphically, and sonographically occult [42, 47, 48], particularly in women at ele-
vated lifetime risk for breast cancer. According to the American College of 
Radiology (ACR) Appropriateness Criteria, current indications for breast MRI 
include evaluation of silicone implant integrity, screening of high-risk patients 
(defined as women with greater than 20% lifetime risk), defining extent of disease 
in women with newly diagnosed breast cancer or women undergoing neoadjuvant 
chemotherapy, evaluation for recurrence, identification of an unknown primary in 
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woman with metastatic disease, and problem solving of incompletely characterized 
imaging findings on other modalities [49].

Several studies, primarily in high-risk populations, have demonstrated that MRI 
detects an additional 3.5–28.6 cancers/1000 screened as compared to screening 
mammography alone [42, 50–59]. One of the larger studies, ACRIN 6666, which 
included women who were of intermediate to high risk and some of whom had 
dense breast tissue yielded 14.7 additional cancers per 1000 women screened [42].

Breast MRI can also be useful in defining extent of disease, including the pres-
ence of multifocal and multicentric disease in patients with known malignancy, 
especially in those with dense tissue. Multiple clinical studies have shown that on 
average, MRI reveals occult disease in the ipsilateral breast in approximately 15% 
(range 12–27%) and disease in the contralateral breast in 4% (range 3–24%) [60, 
61]. MRI has also been shown to be particularly useful in determining the extent of 
disease in women with invasive lobular cancer, as this subtype is often underesti-
mated by mammography and physical examination [62, 63]. Finally, as breast MRI 
visualizes the chest wall, surrounding tissues, and axilla, it also can assess chest 
wall invasion and axillary nodal involvement [60, 61].

Another potential indication for breast MRI is in the evaluation of residual dis-
ease in patients who have close or positive pathologic margins prior to re-excision. 
In patients with locally advanced breast cancer who undergo neoadjuvant chemo-
therapy prior to definitive surgical treatment, MRI can assist with assessing response 
to therapy and at times can help guide the choice of chemotherapeutic regimen  
(Fig. 1.6) [61, 64]. Multiple studies have shown that MR is more accurate than 

Fig. 1.6 Thirty-one-year-old woman who presented with right breast 3 cm palpable lump. 
Ultrasound guided biopsy confirmed grade 3 invasive ductal carcinoma. At the time of biopsy, a 
suspicious axillary node was identified and a fine needle aspiration confirmed metastatic disease. 
The patient subsequently underwent breast MRI to determine the extent of disease. (a) Pretreatment 
MRI confirmed extensive disease in the right breast and several suspicious right axillary lymph 
nodes. The patient then underwent neoadjuvant chemotherapy. (b) Posttreatment MRI showed 
partial response to therapy

1 Breast Imaging: Tomosynthesis, Elastography, Breast MRI and Emerging Techniques
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mammography, ultrasound, or physical examination in determining residual disease 
after therapy [64]. However, if utilized for this indication, it is critical that MRI be 
performed prior to the start of chemotherapy and subsequent to therapy, either after 
completion of part or the entire regimen.

In an effort to better differentiate benign from malignant lesions on MRI, some 
centers now routinely utilize diffusion-weighted imaging (DWI), a specialized MR 
sequence that assesses alterations in water movement across cell membranes [65]. 
Using this acquisition, a quantitative map of water diffusion can be created (appar-
ent diffusion coefficient (ADC) map) which can be used to help classify an enhanc-
ing lesion as more likely benign (high ADC value) or malignant (low ADC value) 
(Fig. 1.7). Smaller-range region of interest focused on highest signal is optimal for 
measurements. In recent studies, the threshold range for discriminating benign from 
malignant is approximately 1.1–1.2 × 10−3 mm2/s with associate sensitivity of 82.8–
92.8% and specificity of 80.2–90% [66, 67]. In addition to characterizing focal 
lesions, the change in ADC value has been shown to correlate with tumor response 
from neoadjuvant chemotherapy and therefore may aid in guiding therapy [68, 69].

Finally, as MR technology continues to advance, it is now possible to perform an 
ultrafast MR acquisition, which is comprised of high-temporal-resolution and 3D 
whole-breast images. Performed on a 3-Tesla magnet (not widely available in the 
USA), this dynamic contrast-enhanced MR protocol consists of standard and contrast- 
enhanced ultrafast images. A retrospective study of 60 patients with 33 malignancies 
using this technique revealed statistically significant difference in enhancement rate 

Fig. 1.7 Thirty-nine-year-old woman with biopsy proven right breast retroareolar triple-negative 
grade 3 invasive ductal carcinoma who underwent MRI to evaluate extent of disease. (a) Post- 
contrast VIBRANT sequence demonstrates 2.6-cm-irregular-enhancing mass corresponding to 
known malignancy. (b) Hyperintense signal in mass on diffusion-weighted imaging (DWI). (c) 
Hypointense signal in mass on apparent diffusion coefficient (ADC) represents restricted diffusion 
with ADC average of 0.765 × 10−3 mm2/s (less than 1.1–1.2 × 10−3 mm2/s suspicious for 
malignancy)
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and kinetic features between benign and malignant lesions [70]. Therefore, this tech-
nique has the potential to decrease the false positives of breast MRI thereby reducing 
the number of benign biopsies in women being imaged with MRI.

 Emerging Technologies: Contrast-Enhanced Mammography

Contrast-enhanced mammography (CEM) is a promising tool currently FDA- 
approved for diagnostic imaging. At a radiation dose similar to a conventional 
mammogram, this technology acquires a low-energy and high-energy mammo-
graphic image centered at the k-edge of iodine following intravenous administration 
of an iodinated contrast agent. The low-energy acquisition is comparable to a con-
ventional mammogram and subtraction of the two acquisitions highlights tumor 
neo-vascularity. Early studies in the diagnostic setting have shown that CEM is 
more sensitive than conventional mammography [71–73] and has a sensitivity of 
96–100%, which is comparable to MRI [74, 75]. When used to determine extent of 
disease in a newly diagnosed cancer patient, CEM is slightly less sensitive than 
MRI but it comes with fewer false positives, that is, better specificity (Fig. 1.8) [76, 
77]. Given these results, it seems reasonable to use this modality for patients with a 
newly diagnosed cancer who are unable to undergo MRI due to severe claustrophobia, 
gadolinium allergy, or presence of internal ferromagnetic material in order to 

Fig. 1.8 Thirty-nine-year-old woman with indeterminate calcifications in the medial left breast on 
screening mammogram. (a) Craniocaudal (CC) view of left breast mammogram demonstrates 
pleomorphic calcifications in the medial left breast. (b) Recombined CC view from contrast- 
enhanced mammogram (CEM) confirms the suspicious medial calcifications with associated irreg-
ular non-mass enhancement. In addition, there is 7-mm-enhancing mass in the anterior lateral left 
breast. (c) Suspicious hypoechoic left breast mass with irregular margins identified on subsequent 
diagnostic ultrasound, corresponding to mass only identified on CEM. (d) Post-biopsy CC mam-
mogram confirms appropriate clip placement in expected location of left breast mass and left 
breast calcifications, which were confirmed as grade 1 invasive ductal carcinoma and grade 3 
DCIS, respectively
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determine the extent of disease. In addition, based on an early study of 26 patients 
with mammographic or clinical findings warranting biopsy, of which 13 ultimately 
were proven to be invasive cancers, CEM detected all malignancies and accurately 
identified disease extent [78]. CEM may also have a role in problem solving of 
incompletely characterized findings on mammography or ultrasound, detection of 
mammographically occult findings, and assessment of recurrence [76].

Finally, although CEM has not been extensively studied in the screening popula-
tion, as the technology can “see through” dense tissue, it may be useful in screening 
women with dense breast tissue, especially the extremely dense cohort where DBT 
has less benefit. In an unpublished study by Phillips et al. that compared MRI 
screening to CEM screening in high-risk women, CEM was well-tolerated and even 
preferred over MRI by a majority of participants [79].

 Abbreviated (Fast) MRI

Having applicability in the screening setting, this technique consists of markedly 
shortened scan times on an existing MR clinical scanner (scan time of 5 min rather 
than 30 min). The interpreting radiologist is provided only a maximum intensity 
projection image (MIP), a pre-contrast image, a single post-contrast image acquired 
approximately 1 min after injection of IV contrast, and subtraction image of the pre- 
and post-contrast images. Using this limited information, several retrospective stud-
ies have shown that cancer detection is comparable to the full diagnostic protocol 
[69, 70]. Although this shortened MR screening protocol has yet to be adopted in 
practice, it has great promise to revolutionize how we screen women for breast 
cancer, particularly women of intermediate-risk and possibly even all women with 
dense breast tissue. More study is needed to determine which cohorts will be most 
cost-effective with this approach.

 Conclusion

Over the past few decades, there have been major advances in the early detection 
and management of breast cancer. Current imaging tools include digital mammog-
raphy, digital breast tomosynthesis, ultrasound, and magnetic resonance imaging. 
Although there continue to be advances in these modalities, other techniques, such 
as contrast-enhanced mammography and abbreviated MRI, have great promise to 
revolutionize how we care for patients in the coming years.
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Abbreviations

NSM Nipple-sparing mastectomy
NCCN National Comprehensive Cancer Network
cm Centimeter
BRCA Breast cancer susceptibility gene
NAC Nipple areola complex
DIEP Deep inferior epigastric perforator

 Introduction

Although the term “mastectomy” implies removal of all breast tissue, a variety of 
mastectomy techniques have been used, which vary based on indication and extent 
of skin and glandular tissue excised. There has been continuing reduction in the 
extent of surgery required for successful treatment of breast cancer over the last 
50 years. This has included the transition from the radical mastectomy to the 
modified radical mastectomy then to the simple (or total) mastectomy [1]. Breast 
reconstruction techniques were developed over time, initially applied only as 
delayed reconstructions performed 1–2 years after mastectomy due to concerns 
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that reconstruction would delay detection of recurrent cancer or have other nega-
tive effects on oncologic outcomes. As the safety of delayed reconstruction was 
recognized, options for immediate reconstruction at the time of mastectomy were 
explored. It became clear the preservation of more breast skin could improve cos-
metic outcomes.

The subcutaneous mastectomy technique was first described by Rice and 
Strickler in 1951 for risk reduction or treatment of benign disease. A subcutaneous 
mastectomy intentionally leaves glandular tissue beneath the nipple areola complex 
to preserve its blood supply [2]. The actual term “subcutaneous mastectomy” was 
coined by Freeman in 1962 and was endorsed strictly for benign disease or risk 
reduction [3]. Retention of this amount of subareolar and subcutaneous breast tissue 
is less effective for risk reduction, and there are numerous reports of breast cancer 
occurrences after subcutaneous mastectomy, especially in BRCA mutation carriers 
[4, 5]. This approach has largely been abandoned in favor of more modern nipple- 
sparing techniques.

In 1991, the skin-sparing mastectomy was formally introduced by Toth and 
Lappert [6]. With this technique, the nipple areola complex and all visible glandular 
tissue are removed, but the rest of the skin envelope and inframammary fold are 
preserved. This facilitates immediate breast reconstruction and improves cosmetic 
outcomes. Studies comparing skin-sparing mastectomy plus immediate or delayed 
reconstruction to mastectomy without reconstruction have shown equivalent local 
recurrence rates, confirming the safety of skin-sparing mastectomy for breast cancer 
treatment [7].

Although nipple reconstruction with skin grafts, local flaps, and tattooing 
improves cosmetic outcomes, only a limited approximation of the native nipple 
appearance is possible. This led to renewed interest in developing oncologically 
safe nipple-sparing mastectomy techniques. In contrast to the old subcutaneous 
mastectomy, today’s nipple sparing, or total skin-sparing mastectomy, strives to 
leave no glandular tissue behind the nipple areola complex or under the skin flaps. 
Successful NSM requires careful patient selection, proper technique to maintain 
nipple perfusion and minimize complications, and meticulous removal of glandular 
tissue.

 Oncologic Safety

 Occult Nipple Involvement

Historical rates of occult nipple involvement identified in nipple-sacrificing mas-
tectomies are as high as 50%, leading to concerns about the safety of saving the 
nipple [3]. However, many older studies predated the use of screening mammogra-
phy and included nipples with worrisome clinical findings, such as nipple retrac-
tion. In addition, the definition of nipple involvement varied in different studies; in 
some studies, nipples were considered positive if they contained lobular carcinoma 
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in situ, now considered benign atypia, or if cancer was found as far as 2 cm from 
the nipple [3, 8–11]. Brachtel and colleagues at our institution examined 316 mas-
tectomies with clinically uninvolved nipples in a more modern series and found 
occult cancer in 21% of nipples [12].

Despite high rates of nipple involvement in nipple-sacrificing mastectomy speci-
mens, rates of positive nipple margins in modern nipple-sparing mastectomy series 
are much lower. In more recent series of NSM performed for cancer treatment, rates 
of positive nipple margins range from 2.5 to10%, likely reflecting careful patient 
selection [13–19].

 Patient Selection for Nipple-Sparing Mastectomy

Initially patients with tumors greater than 2 cm or with tumor-to-nipple distances 
less than 2 cm were excluded from NSM, because these features were found to 
increase the likelihood of occult nipple involvement [20]. With experience and 
observation of low rates of nipple involvement, eligibility for NSM has expanded to 
include the majority of patients undergoing mastectomy [21, 22]. Few absolute con-
traindications to nipple sparing remain; these include direct involvement of the 
nipple areola complex on preoperative clinical exam or imaging or the presence of 
pathologic nipple discharge (Fig. 2.1).

In some centers, even patients with locally advanced breast cancer are consid-
ered eligible for nipple sparing. In a recent study of 139 patients with stage 2B or 
stage 3 breast cancer treated with NSM, only 5% of patients developed an isolated 

Fig. 2.1 Mammogram 
showing microcalcifications 
under nipple in a 45-year-
old patient with ductal 
carcinoma in situ
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local recurrence at a mean follow-up of 41 months and no recurrence involved the 
retained nipple areola complex [23]. The authors concluded that with appropriate 
multimodality therapy, nipple sparing does not increase risk of local recurrence, 
even in patients with locally advanced disease.

Patients who have had prior radiation or who need post-mastectomy radiation are 
also candidates for NSM. Although prior radiation and post-mastectomy radiation 
increase risk for complications with any reconstruction, most patients who undergo 
NSM with radiation do well [24]. Tang and colleagues at our institution compared 
816 NSM with no radiation to 69 NSM in previously irradiated breasts [24]. Prior 
radiation increased the rate of skin necrosis from 4.5 to 11.6% and increased risk of 
total nipple necrosis from 0.9 to 4.3% [24]. Among 97 NSM that received post- 
mastectomy radiation, 10.3% had skin necrosis and 4.1% had total nipple necrosis. 
Rates of implant loss were 2.2% without radiation, 2.9% with prior radiation, and 
8.2% with post-mastectomy radiation [24]. Risk factors for complications with 
radiation included smoking, age >55, breast volume >800 cm3, and periareolar inci-
sion placement [24]. It was concluded that prior radiation or the need for post- 
mastectomy radiation are not absolute contraindications to NSM and that 
complications could be minimized with appropriate patient selection [24].

Cosmetic factors are also considered when assessing eligibility for NSM. Nipple 
sparing is contraindicated in patients for whom the retained nipple would be in an 
unacceptable position on the reconstructed breast. Marked breast ptosis or very 
large breast size may result in poor nipple position if the nipple is preserved. 
Salgarello and colleagues advise against NSM in patients with bra size larger than a 
D cup and for D cup breasts with grade 3 ptosis, that is, ptosis with the nipple well 
below the inframammary fold [25]. In addition, an excised breast weight of more 
than 750 g and a sternal notch-to-nipple distance of greater than 26 cm have been 
found to increase skin flap complications in patients undergoing skin-sparing mas-
tectomies, so caution with use of NSM is also advised in these patients [26].

 Nipple Mastectomy for Risk Reduction

NSM for risk reduction is endorsed by the most recent NCCN guidelines [27] 
(Fig. 2.2). Risk reduction surgery should be considered in women with a known 
BRCA 1 or BRCA 2 mutation, or another gene mutation with a significantly 
increased risk of breast cancer, or a compelling family history of breast cancer 
[27]. In a retrospective analysis of 639 women treated with bilateral prophylactic 
subcutaneous mastectomy from 1960 to 1993 for a family history of breast cancer, 
Hartmann and colleagues noted a 90% reduction in breast cancer at 14-year 
median follow up [4]. Twenty-six of these patients were later found to have BRCA 
1 or BRCA2 mutations; 23 had been treated with subcutaneous mastectomy and 
three with simple mastectomy [28]. No cancers had developed at 13.4-year median 
follow- up among these BRCA mutation carriers. Using published data for the 
likelihood of breast cancer in BRCA1 and BRCA2 mutation carriers, they would 
have expected six to nine breast cancers to develop during the follow-up period 
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with no intervention. Their results suggest that the risk of breast cancer is reduced 
by 89.5–100.0% in BRCA1 and BRCA2 mutation carriers after prophylactic sub-
cutaneous mastectomy [28]. With current NSM techniques that excise all subareo-
lar tissue, even greater risk reduction may be possible.

Yao et al. reported on NSM in 397 breasts of 201 BRCA1 and BRCA2 carriers, 
125 had a BRCA1 mutation, and 76 had a BRCA2 mutation; 150 (74.6%) patients 
underwent NSM solely for risk reduction and 51 (25.4%) underwent NSM for uni-
lateral cancer and contralateral risk reduction [29]. Incidental cancers were found in 
four (2.7%) of the 150 risk reduction patients and two (3.9%) of the 51 cancer 
patients. The nipple areola complex was involved with cancer in three (5.8%) of the 
cancer patients. No prophylactic mastectomy had a positive nipple margin. With a 
mean follow-up of 32.6 months, no patient developed a recurrence at the NAC, 
although four patients (three cancer patients and one prophylactic) experienced can-
cers elsewhere – two locally and two in the axilla [29]. When Peled and colleagues 
reviewed outcomes of 26 BRCA mutation carriers who underwent NSM for risk 
reduction and 27 BRCA mutation carriers who underwent NSM for unilateral breast 
cancer and contralateral risk reduction, they found no evidence of new or recurrent 
cancers, respectively, at 51-month mean follow-up [30]. In a recent multi- 
institutional study of risk-reducing NSM in 348 patients with BRCA mutations, 
Jakub et al. reported no evidence of cancer at 56-month mean follow-up [31]. 
Although follow-up in NSM series is limited, to date NSM appears to be a safe 
approach for risk reduction and for cancer treatment in high-risk patients.

 Oncologic Outcome of Therapeutic Nipple-Sparing Mastectomy

Despite increasing use of NSM in the last 5–10 years, concerns remain about onco-
logic safety given the lack of long-term follow-up. Sites potentially at risk for new 
or recurrent breast cancer after NSM include the retained nipple areola complex 

Fig. 2.2 Prophylactic NSM with single-stage direct to implant in BRCA mutation carrier with 
inferolateral incision, preop (a) and 1 month postop (b)
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and skin flaps, particularly at the periphery of the breast where visualization may 
be difficult with incisions used for NSM. Review of 297 NSM for cancer at 
Massachusetts General Hospital found a 3.0% risk of locoregional recurrence at 
42-month median follow-up, with no recurrence involving the retained nipple are-
ola complex [32]. These results are consistent with oncologic outcomes in other 
NSM series reported over the last 5 years, summarized in Table 2.1. Locoregional 
recurrence rates after NSM range from 0 to 4.6% at 10–60 months of follow-up 
[14, 15, 21, 22, 30, 33–36].

Only two modern studies report any tumor recurrences in the retained nipple 
after NSM. Lohsiriwat and colleagues from Italy performed 861 NSM for cancer 
and seven patients (0.8%) developed recurrences in the nipple areola complex with 
50 months median follow-up [35]. The mean time to nipple recurrence was 
32 months, and in all cases the nipple areola complex was removed. At a mean of 
47 months after nipple removal, no patient developed any further local or distant 
recurrence. Lohsiriwat et al. describe leaving at least 5 mm of glandular tissue 
beneath the nipple areola complex to prevent necrosis and giving a single dose of 
radiation to the nipple areola complex and 1 cm beyond, a technique which is dif-
ferent than those used in North American studies [35]. Recently, Orzalesi et al. 
reviewed a national multi-institutional registry of NSM performed in Italy which 
included 1,006 patients [36]. Of 755 cases included in the locoregional recurrence 
analysis, 5 (0.7%) developed a recurrence of the nipple areola complex at a mean 
36-month follow-up. In this series, no particular technique was described for dissec-
tion under the nipple areola complex [36].

In a review of 20 NSM series, De La Cruz and colleagues found disease-free 
survival in series with <3-year follow-up, 3–5-year follow-up, and >5-year follow-
 up was 93.1%, 92.3%, and 76.1%, respectively [37]. Many of the studies with 
>5 years of follow-up included patients treated in the mid-1980s and 1990s [38, 
39]. More recent retrospective cohort studies comparing NSM plus immediate 
reconstruction to mastectomy without reconstruction have shown no significant 
difference in local or distant recurrence rates with NSM [40, 41]. When Adam 

Table 2.1 Oncologic outcomes of nipple-sparing mastectomies for cancer

Author Institution Year # Breasts
Follow-up 
(months)

Locoregional 
recurrence (%)

NAC 
recurrence

Orzalesi Italian Nat’l 
Database

2016 755 36 2.9 5

Krajewski Mayo Clinic 2015 226 24 1.7 0

Coopey Mass General 2013 156 22 2.6 0

Lohsiriwat European Inst. 
of Oncology

2012 861 50 4.2 7

Peled UCSF 2012 412 28 2 0

Boneti University AR 2011 152 25 4.6 0

Filho MSKCC 2011 157 10 0 0

Jenson John Wayne 2011 127 60 0 0
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et al. matched 67 NSM plus reconstruction patients to 203 mastectomy without 
reconstruction patients, they found no significant difference in estimated 5-year 
disease-free survival (94.1 and 82.5%, p = 0.068) or in overall survival (OS) (96.2 
and 91.3%, p = 0.166) between them [40]. In fact, they noted a nonsignificant trend 
toward worse outcomes in the mastectomy without reconstruction group and con-
cluded that NSM with reconstruction was a safe alternative. Similarly, when Park 
and colleagues compared 114 patients who underwent skin-sparing or nipple- 
sparing mastectomy plus immediate reconstruction to a matched control group of 
patients who underwent mastectomy with no reconstruction, they found no signifi-
cant difference in 5-year locoregional recurrence-free survival between the two 
groups, 96.4% and 96.1%, respectively (p = 0.552) [41].

 Surgical Technique

 Incision Placement

The ideal incision for NSM would allow thorough resection of all of the breast tissue 
by the breast surgeon and ease of reconstruction for the plastic surgeon, through an 
aesthetically favorable scar [42]. In addition, preservation of nipple and areola blood 
supply is critical to successful nipple sparing. Following mastectomy, blood is sup-
plied to the NAC from the periphery of the breast through the subdermal plexus in 
the skin flaps. Incisions used for NSM must preserve inflow to the nipple.

There are six basic types of incisions for NSM: inferolateral, inframammary, 
lateral radial, inferior radial, periareolar, and through extension of a prior scar. With 
the inferolateral incision, the incision begins on the lateral border of the breast at the 
same horizontal level as the nipple (3 o’clock position on the left breast and 9 
o’clock position on the right breast). The incision is curved inferomedially along the 
outer border of the breast. The incision continues medially until it intersects with an 
imaginary vertical line through the nipple at the 6 o’clock position [42] (Fig. 2.3). 

Fig. 2.3 Inferolateral 
incision placement
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The incision length is typically 10–12 cm and must be long enough to accommodate 
the surgeon’s hand. This incision preserves the internal mammary perforators that 
supply the medial skin flaps and provides easy access to the axilla. The inferolateral 
incision provides a favorable cosmetic result, but its inferior location can make dis-
section of the superomedial breast more challenging [43]. Access to the superior 
and medial aspects of the breast is facilitated by separating the breast from the pec-
toralis muscle.

The inframammary fold incision remains in the inferior portion of the breast 
along the inframammary fold, centered beneath the nipple, and spans 12–14 cm [44]. 
It is useful for DIEP flap reconstructions as it provides good medial exposure for the 
anastomosis of the deep inferior epigastric vessels to the internal mammary vessels. 
This incision also has the cosmetic advantage of being completely hidden by the 
breast in the upright position. It has the disadvantage of giving a more challenging 
exposure and usually requires a longer scar, which could interfere with blood supply 
to the nipple or inferior skin flap [42]. Another disadvantage of this incision is that a 
separate axillary incision is usually required for axillary staging [44].

The lateral radial and inferior radial incisions are more similar to incisions used 
for standard skin-sparing mastectomies and may be technically easier than the infer-
olateral and inframammary incisions. However, both leave visible scars prominent 
on the breast, and the lateral radial incision has been known to cause deviation of the 
nipple toward the scar [45]. On the other hand, an inferior radial incision is some-
times favored if a patient has larger breasts and would benefit from skin excision to 
raise the nipple to a more superior position on the reconstructed breast. A periareo-
lar incision placed either along the superior or inferior half of the areola and usually 
with a lateral radial extension can also be utilized [43]. This approach may be tech-
nically easier for the surgeon as it is similar to the traditional skin-sparing mastec-
tomy approach. Not surprisingly, however, placing an incision along the edge of the 
areola has been associated with a higher risk of nipple necrosis and nipple loss. 
Some authors believe that incisions in this location should be avoided, although oth-
ers have found it an acceptable approach [33, 46].

 Overview of Technique

Decisions about incision placement should be made in collaboration with the plastic 
surgeon and, to the extent possible, take patient preference into account. At our 
institution the majority of NSM are performed via an inferolateral approach; this 
allows the mastectomy and sentinel lymph node biopsy or axillary dissection to be 
performed through a single incision. Inferolateral and inferior incisions require 
modifications in technique compared to standard skin-sparing mastectomy incisions 
which are more centrally located on the breast. In our inferolateral approach, after 
the incision is made, a short flap is raised to the chest wall inferiorly and laterally, 
preserving the inframammary fold. If a sentinel lymph node biopsy with frozen sec-
tion is planned, dissection can then be continued along the lateral border of the 
breast and serratus anterior muscle until the axillary fat pad is encountered. The 
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sentinel lymph node can then be obtained, and frozen section performed while the 
mastectomy is completed.

Next, we have found it helpful to define the inferior edge of the pectoralis major 
muscle and to separate the breast from the underlying pectoralis muscle medially to 
the sternum and superiorly to the clavicle early in the procedure. This allows for 
easier retraction and manipulation of the breast tissue to aid in visualization of the 
Cooper’s ligament dissection plane, particularly in the medial and superior skin 
flaps. The anterior dissection occurs at the junction of the hypodermis and the ante-
rior mammary fascia, dividing Cooper’s ligaments, identical to that of a skin- sparing 
mastectomy. Facelift or “bear claw” retractors may be used to elevate the skin edge 
and provide countertraction on the breast tissue to aid in the dissection. Once the 
dissection continues farther medially and superiorly, lighted retractors or a tech-
nique of eversion of the skin flap with the surgeon’s hand while the assistant puts 
traction on the breast tissue is also helpful. During all retraction maneuvers, care is 
taken to avoid trauma to the skin flaps and nipple.

It is important to avoid making excessively thin flaps that compromise blood 
supply to the skin and nipple. If the dissection is maintained in the Cooper’s liga-
ment plane and not in the subcutaneous fat itself, perfusion to the skin flaps is usu-
ally preserved. Studies of skin-sparing mastectomies have shown that skin flaps of 
4–5 mm in thickness lead to rates of skin necrosis up to 17% whereas skin flaps 
>10 mm have skin necrosis rates of less than 5% [47]. For superficial tumors, it is 
better to take a separate anterior margin from the skin flap directly over the tumor 
rather than make the entire skin flap too thin.

At the level of the nipple, we use a technique where areolar skin flaps are raised, 
leaving the nipple duct bundle intact. This can be done with blunt dissection using 
a curved clamp as there are no Cooper’s ligaments under the areola and minimizes 
trauma to the areola skin. A curved clamp is then passed around the duct bundle just 
beneath the areola, as is done when isolating a vessel bundle for ligation. A second 
clamp is used to grasp the nipple duct bundle immediately below the nipple and 
areola dermis, and the external skin is examined to be sure that no skin is included 
in the clamp. The clamp is rotated 90° away from the skin toward the surgeon to pull 
additional ductal tissue down from the nipple papilla, and the bundle is then sharply 
divided, first on the superficial surface of the clamp and then on the deep side of the 
clamp (Fig. 2.4). The contents of the clamp constitute the nipple margin specimen 
for pathology assessment. This technique removes most of the ductal tissue within 
the nipple papilla and leaves an anterior margin that is the underside of the nipple 
and areola dermis, leaving no ductal tissue or breast tissue beneath the nipple areola 
complex (Fig. 2.4b).

 Nipple Margin Assessment

Based on pathology evaluation of cancer-containing nipples, we know that invasive 
cancer and ductal carcinoma in situ generally spread by direct extension sequen-
tially into the retroareolar tissues and subareolar ducts and then into the nipple 
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papilla itself [12]. Therefore, safe nipple preservation requires adequate sampling 
and pathology analysis of excised tissue from within the nipple and immediately 
beneath the areola, to be sure that no tumor remains in the retained nipple.

Histological assessment of the nipple margin specimen may be performed on 
frozen section, which allows for immediate management of a positive margin, or on 
permanent section. Accurate nipple margin assessment on frozen section is difficult, 
and distinguishing benign atypia from intraductal carcinoma is challenging, poten-
tially resulting in unnecessary nipple excision. Therefore, permanent section analy-
sis of nipple margins appears to be the best strategy for maximizing nipple 
preservation [19, 48]. With permanent section assessment, the management of a 
positive nipple margin can be determined in the context of complete pathologic 
staging and with knowledge of the full treatment plan.

If the nipple margin contains invasive cancer or ductal carcinoma in situ, it is 
considered positive, and the nipple should be removed. Nipple removal is not 
required for atypia or lobular carcinoma in situ. Rates of positive nipple margins in 
therapeutic NSM range from 2.5 to 10% [13–19]. In our series of 37 nipples excised 
for positive nipple margins, the excised nipple contained cancer only 30% of the 
time [17]. Recently, our group has transitioned from complete nipple areola com-
plex excision for positive nipple margins to excision of just the nipple papilla with 

Fig. 2.4 (a) Technique for 
obtaining nipple margin 
specimen. (b) Nipple 
areola skin margin after 
duct bundle removal
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retention of most of the areola skin. In general, we have found that if the areola can 
be saved, reconstruction of the nipple is easier and the cosmetic result is better. With 
36-month follow-up using this technique, we have had no recurrences at the site of 
nipple removal or in any retained areola [17].

 Complications

 Nipple Necrosis

In a recent systematic review of NSM, Piper and colleagues identified 23 studies 
which reported nipple necrosis rates [49]. Of 2980 cases, 263 (8.8%) reported some 
degree of nipple necrosis, either partial or total. Complete nipple loss due to necro-
sis occurred in 2% of cases overall, with a range of 0–10% across series [49].

 Mastectomy Skin Flap Necrosis

Mastectomy skin flaps can undergo a spectrum of ischemic changes postoperatively. 
Changes can range from mild color change, either erythema or cyanosis, suggesting 
decreased perfusion, to partial thickness necrosis with epidermolysis, and to full- 
thickness necrosis with eschar formation [50]. In a systemic review of 16 studies, the 
rate of partial or full-thickness skin flap necrosis was 9.5% [49]. Colwell and col-
leagues found that increasing body mass index, smoking, periareolar incisions, and 
preoperative radiation were significant predictors of NSM complications [46].

 Implant Loss

In a systemic review of 16 studies, the rate of expander-implant loss was 3.9% [49]. 
Rates of skin ischemia and implant loss decrease with experience. In a recent review 
of nearly 500 NSM plus implant or tissue expander reconstructions at Massachusetts 
General Hospital, the rate of implant loss was only 1.9%, despite nearly 60% of 
reconstructions being single-stage direct to implant [46].

 Patient Satisfaction

 Cosmetic Outcome

Patient reported satisfaction measures after NSM for both risk reduction and cancer 
treatment are consistently favorable [51] (Fig. 2.5). Using BREAST-Q scores, 
Howard and colleagues found that patient satisfaction with breast appearance and 
overall psychosocial well-being were higher after NSM with reconstruction than at 
the preoperative, baseline assessment [51]. When Metcalfe looked at outcomes 
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among NSM and skin-sparing mastectomy patients 4 years after surgery, they found 
that patients undergoing NSM had higher satisfaction with their reconstructed 
breasts and higher sexual well-being scores compared to skin-sparing mastectomy 
patients [52]. It is important to remember to inform patients preoperatively that their 
nipples and central breast skin will be numb after nipple-sparing mastectomy.

 Conclusion

Eligibility for nipple-sparing mastectomy for risk reduction and for breast cancer 
treatment continues to increase. Meticulous surgical technique is essential to pre-
serve blood supply to the nipple and skin flaps, while also ensuring adequate exci-
sion of the breast tissue. In appropriately selected patients, nipple-sparing 
mastectomy is oncologically safe and the risk of complications is acceptably low.
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3Contralateral Prophylactic Mastectomy: 
Current Perspectives

Katharine Yao

 Introduction

In 1991 the National Institutes of Health published a consensus statement [1] that 
stated that breast conservation surgery (BCS) was “preferable” for early-stage 
breast cancer because it provided equivalent survival to mastectomy [2–8]. Shortly 
after this statement, the rate of breast conservation surgery increased [9]. However, 
over the past decade, we have witnessed a shift back toward mastectomies, particu-
larly bilateral mastectomy for patients with unilateral breast cancer or contralateral 
prophylactic mastectomy (CPM). This trend has surfaced despite the absence of 
randomized trials for CPM and any official consensus statement endorsing 
CPM. Current NCCN guidelines [10] discourage CPM for patients with unilateral 
breast cancer, and a recent consensus statement for the American Society of Breast 
Surgeons states that CPM should be discouraged in average risk women [11, 12].

However, the decision context for breast surgery has become much more com-
plex over the past decade and is heavily influenced by multiple external and internal 
factors. Improved access to breast reconstruction, increased use of breast MRI, and 
more referrals for genetic counseling and/or genetic testing have all become much 
more commonplace now then 10 years ago, and these factors have all been associ-
ated with increased CPM rates [13–16]. Lastly, patients have more exposure to 
breast cancer thru the media and patient advocacy groups and access to many more 
different sources of information. Patients are also taking more proactive roles in 
treatment decisions and seeking more opinions, not only from doctors but also 
friends, family, and other breast cancer survivors. Patients are mainly driving the 
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increased use of CPM, hoping to improve their outcomes and to avoid recurrences. 
Whether justified or not, the increased use of CPM has not abated, and surgeons will 
need to learn how to effectively counsel patients on decisions for CPM.

 Trends in CPM

Some of the first studies to examine the increasing CPM rate came from the 
Surveillance Epidemiology End Results (SEER) database. A 2007 and 2009 study 
two reported that the rate of CPM had increased 148% and 150% among all patients 
for noninvasive and invasive cancer, respectively [17, 18]. When patients undergo-
ing mastectomy were examined, there was a 188% and 162% increase, respectively. 
These two studies were the first in a string of studies examining the increasing CPM 
rate across the United States (Table 3.1) [15, 17–23]. In 2010, a report from the 
National Cancer Data Base (NCDB) showed an increase in CPM from 0.4% in 1998 

Table 3.1 Studies examining trends in contralateral prophylactic mastectomy in the United States

Study
Year 
published

Study 
period

Percentage 
increase in 
CPM of all 
patients 
over the 
study period

Percentage 
increase in CPM 
of all 
mastectomy 
patients over the 
study period Data source

Tuttle et al. 
[17], (invasive 
cancer)

2007 1998–2003 2.7% 6.8% SEER

Tuttle et al. 
[18], (DCIS)

2009 1998–2005 3.1% 12.0% SEER

Yao et al. [19] 2010 1998–2007 4.3% NA NCDB

Jones et al. [20] 1998–2007 NA 9.6% Ohio 
state-NCCN 
network

King et al. [15] 2011 1997–2005 NA 17.5% MSKCC 
single 
institution

Kummerow 
et al. [21]

2015 1998–2011 9.3% 24.3%

Pesce et al. [23] 2014 2003–2010 5.6% NA NCDB

Kurian et al. 
[22]

2014 1998–2011 10.3% NA California 
cancer registry

Wong et al. [24] 2016 1998–2012 8.8% NA SEER

SEER Surveillance Epidemiology End Results, NCDB National Cancer Data Base, MSKCC 
Memorial Sloan Kettering Cancer Center, NCCN National Comprehensive Cancer Network, NA 
not available

K. Yao
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to 4.7% in 2007 [19]. A 2011 study from Memorial Sloan Kettering reported that 
6.7% of mastectomy patients underwent CPM in 1997 which increased to 24.2% in 
2005 [15]. A recent SEER study showed that the CPM rate had more than tripled 
from 2002 to 2012 [24]. Interestingly, increasing CPM rates were documented 
across all stages, different areas of the country, all ages, insurance types, and facility 
types; however, certain common characteristics were seen. CPM rates are highest 
among Caucasians, patients with higher socioeconomic status, with private insur-
ance and treated at high volume centers [17–19]. Race and socioeconomic status 
also play a role in CPM [25]; CPM is twice as common in Caucasians than other 
races [26] despite adjusting for socioeconomic factors. Patient age has consistently 
been shown to be the strongest factor associated with the increasing CPM rate. A 
NCDB study showed that CPM rates in 2011 were 9.7% among all age groups, but 
this percentage increased to 26% among those younger than 45 years old [23]. In a 
study of the California Cancer Registry [22], over 30% of women <40 years old 
underwent CPM in 2011. Another NCDB study published in 2015 showed that 
anywhere from 60% to 80% of women <=40 years old were undergoing CPM 
despite different tumor sizes [21]. However, this increasing trend for CPM has not 
been as evident in other countries. An article focused on Europe [27] did not show 
an increase in European CPM rates; however, one article reported that CPM rates in 
Britain have been increasing [28]. These findings underscore how cultural percep-
tions about CPM can have a profound effect on treatment preferences.

 Contralateral Prophylactic Mastectomy and Survival

Although multiple single and multi-institutional studies published over the past 
10–15 years in the United States have shown that CPM improved overall and 
disease- free survival, none are prospective randomized studies (Table 3.2), and 
therefore all studies are subject to selection bias [22, 29–36]. It is unlikely that a 
randomized trial of CPM versus UM or lumpectomy will be done in the near future. 
A Cochrane analysis published in 2009 concluded that CPM did not provide a sur-
vival benefit [37]. Four single [29, 32, 36, 38] and three multi-institution [30, 31, 
35] retrospective studies demonstrated a disease-free survival benefit for CPM, 
while two single [32, 39] and three multi-institution [30, 34, 35] retrospective stud-
ies showed an overall survival benefit. A recent SEER study [35] showed that when 
CBC cases were removed from the analysis, it had little impact on CPM’s survival 
benefit which shows that CBC has little to do with survival. In another SEER study 
of stages I–III patients, CPM was associated with breast cancer specific, all-cause 
and noncancer survival benefit, but its greatest effect was on noncancer survival 
[40]. Patients who undergo CPM may be more healthy and more compliant with 
their treatment regimens and have access to more advanced treatments then patients 
who do not undergo CPM.

On the other hand, CPM may truly benefit those who have a high CBC risk such 
as those patients who test positive for a genetic mutation. Retrospective studies have 
shown that BRCA mutation carriers derive a survival benefit from CPM [41], which 

3 Current Perspectives for CPM
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is understandable given the high CBC risk for BRCA carriers [42–44]. There have 
been no randomized prospective studies of BRCA carriers. CBC risk for other gene 
mutation carriers who have a breast cancer are not well studied although two studies 
have shown a higher CBC rate for CHEK2 1100delC mutation carriers [45, 46]. 
Insufficient data exist to routinely recommend CPM for gene carriers besides 
BRCA1 and BRCA2.

 Contralateral Breast Cancer Risk

Many women choose CPM to reduce their risk of a contralateral cancer [72], but 
they often overestimate their CBC risk [47] at 30% at 10 years when most popula-
tion based studies show a 5% or less risk at 10 years for average risk patients [48, 
49]. Population-based studies and clinical trials (Table 3.3) [30, 48–56] that track 
CBC rates have shown that the CBC risk at 10 years is <=5%. CBC risk is lower for 
ER positive tumors, likely related to the protective effect of hormonal therapy on the 
contralateral breast. A SEER study from 2009 showed that CBC rates have been 
dropping 3%/year, likely secondary to the use of hormonal therapy [49]. An 
EBCTCG overview quotes a 0.4% and 0.5% annual risk of CBC for estrogen recep-
tor (ER) positive and negative patients [57]. This translates into an approximate 4% 
risk at 10 years for ER positive tumors versus a 5% risk for an ER negative tumor. 
Younger patients are at higher risk for CBC, presumably because of their longer life 
span. A SEER study [61] reported that the 10-year CBC risk for a woman 
25–29 years old with an ER negative tumor is 1.26 per 100/year compared to 0.45 
per 100/year for an ER positive tumor. In contrast, the 10 year risk for a 50-year-old 
women with an ER negative tumor is 0.45 per 100/year compared to 0.26 per 100/
year for an ER positive tumor. Family history also influences CBC rates. A Women’s 
Environmental Cancer and Radiation Epidemiology [54] study showed that women 
with a first degree relative with breast cancer have a CBC risk at 10 years of 14.7% 
for those 30 years old, but this risk decreases to 6.7% for women in their 50s. These 
data demonstrate a differential risk for CBC according to patient age, ER status, and 
family history, but future studies are needed to determine other clinical factors that 
could influence CBC risk.

 Characteristics of Contralateral Breast Cancers and Survival 
of Those Patients Who Develop a Contralateral Breast Cancer

Many studies have shown that CBCs tend to have more favorable tumor character-
istics than the primary tumor [58–62]. Studies have also shown that patients who 
develop a CBC have worse survival especially if the CBC develops in a short inter-
val from the primary cancer [60, 63–65]. Patients who had worse survival with a 
CBC were young patients, patients with large tumors, and node positive patients 
[60, 63, 64]. It is not clear if the reported worse survival is because these CBCs 
represent aggressive biology of the primary tumor, distant metastatic disease, or 
perhaps just older, inferior systemic treatments [60, 63, 64].

3 Current Perspectives for CPM
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Table 3.3 Studies examining contralateral breast cancer rates

Study
Publication 
year Data source Follow-up CBC risk

I. Soerjomataram 
et al. [50]

2005 Eindhoven 
Cancer 
Registry

4.9 years SIR 3.5 (CI 3.2–3.8)

Gao et al. [48] 2003 SEER 5 years  3.0%

10 years  6.1%

15 years  9.1%

20 years 12%

Herrinton L et al. 
[30]

2005 Cancer 
Research 
Network

5.7 years  2.7%

Kaiser 
Permanente

Cuzick et al. [51] 2010 ATAC trial 5 years 1–1.8%

10 years 3.2% armidex arm

4.9% tamoxifen arm

Nichols et al. 
[49]

2011 SEER 10 years 0.26 per 100/year (50 years old 
ER positive)

0.45 per 100/year (50 years old 
ER negative)

Perez EA et al. 
[52]

2011 Herceptin 
trials

4 years 0.5–1.0% control arm

NCCTG 
N9831 and 
NSABP B31

0.7–0.9% herceptin arm

Wapnir IL et al. 
[53]

2011 NSABP 
B17/B24

15 years 10% lumpectomy

10.2–10.8% lumpectomy/XRT

7.3% lumpectomy + Tamoxifen

Reiner et al. [54] 2012 WECARE 10 years 4.6–15.6% depending on family 
historyNon-BRCA 

carriers with 
family hx

Pilewskie M 
et al. [55]

2014 Single 
institution

8 years 3.5% MRI

MKSCC 5.1% no MRI

McCormick B. 
et al. [56]

2015 RTOG 9804 7 yrs 4.8% tamoxifen + observation

DCIS 
patients

3.9% tamoxifen + radiation

SIR standardized incidence ratio, SEER Surveillance Epidemiology End Results, WECARE 
Women’s Environmental Cancer and Radiation Epidemiology Study, MRI magnetic resonance 
imaging, ATAC Arimidex, Tamoxifen, Alone, or in Combination Trial, ER estrogen receptor, 
NCCTG North Central Cancer Treatment Group, NSABP National Surgical Adjuvant Bowel and 
Breast Project, RTOG Radiation Therapy Oncology Group, MSKCC Memorial Sloan Kettering 
Cancer Center, DCIS ductal carcinoma in situ

K. Yao
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 Patient Perspectives on CPM

 Patient Motivations for Choosing CPM

Although up to 10–20% of all women are undergoing CPM in the current era, half 
of all women consider CPM somewhere in the preoperative setting [66]. This pref-
erence was associated with higher levels of cancer worry, young age, and low 
knowledge about breast cancer [66]. The most common reasons to choose CPM 
revolve around a perceived survival benefit from CPM and fear of a second breast 
cancer in the contralateral breast. In a multi-institutional study of 123 young women, 
“desire to lower the chance of getting cancer in the other breast” was ranked as the 
most important reason women chose CPM with 98% of women stating it was 
extremely or very important in their decision to undergo CPM [67]. The third most 
common reason was to “improve survival” with 94% stating it was extremely or 
very important and desire to prevent cancer from spreading to other parts of the 
body was the fourth most common reason with 85% stating it was extremely or very 
important. Other studies have confirmed these findings [68–70]. Many patients have 
high levels of preoperative “cancer worry” and fear of recurrence [66, 67], and can-
cer worry has been associated with CPM interest and the performance of CPM [66]. 
Anxiety and worry are also likely a cause of cognitive dissonance; women choosing 
CPM to improve survival often correctly answer questions regarding the lack of 
CPM’s association with recurrence and survival [67]. At the same time, there are 
many other reasons that women choose CPM. These include family history, avoid-
ing screening mammograms and biopsies [67–69], cosmetic concerns, and for 
“peace of mind”. Symmetry concerns were extremely or very important to 57% of 
participants in the young women study [67] and 59% of women in another study 
stated that reconstructive surgery availability influenced their decision [13]. Friends, 
family, and spouses also influence patients [68, 70], particularly if one of these indi-
viduals has been through breast cancer or another cancer.

 Patient Satisfaction and Quality of Life with CPM

Most studies have shown that women are generally very satisfied with their decision 
to undergo CPM. Satisfaction rates with CPM range from 80 to 97%, and the same 
percentage would have chosen CPM again if given the choice [39, 67–69]. Even 
studies with longer follow-up show a high satisfaction rate with CPM [71]. However, 
retrospective studies have shown that QOL is similar between CPM and non-CPM 
patients. Less contentment with QOL was associated with poor health perception 
overall, not the decision to undergo CPM [72]. A recent study cross-sectional study 
of over 7000 women at approximately 5 years after surgery showed that although 
psychosocial well-being was statistically higher in the CPM group versus other sur-
gery groups, the difference was too small to be clinically significant [73].

Nonetheless, women do report dissatisfaction with CPM related to reconstruc-
tive procedures or unexpected subsequent procedures and cosmetic outcomes. 

3 Current Perspectives for CPM
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Nearly a third reported that CPM had a negative effect on body appearance [71]. A 
report with longer follow-up showed that body appearance, feelings of femininity, 
and sexual relationships were negatively affected in 23–31% of patients [74]. A 
recent report also showed that nearly 40% of those who had reconstruction had at 
least one unplanned reoperation [39]. Reoperation was associated with lower satis-
faction with CPM, lower likelihood of undergoing reconstruction again, and lower 
likelihood of choosing CPM. In a more recent study of young women, approxi-
mately 30% reported that surgical outcomes were worse than expected, especially 
regarding chest wall numbness and the need for multiple procedures [67]. A more 
recent study utilizing the Breast Q assessed patient’s satisfaction with breast appear-
ance and outcomes between CPM and UM patients with implant reconstruction 
[75]. They reported that CPM was an independent predictor of satisfaction with the 
breasts but not breast reconstruction outcome satisfaction. One prospective study 
conducted in Sweden showed that QOL, anxiety, depression, and sexuality were no 
different before and after CPM but that approximately 50% of women reported at 
least one body image problem postoperatively [76]. Despite high satisfaction with 
CPM, women do report negative effects as well.

 Patient Knowledge About CPM

Patients often lack knowledge about their CBC risk and how CPM affects their 
outcomes. Studies have shown that patients’ lack of knowledge regarding CPM has 
been associated with preoperative CPM interest [66]. Women often overestimate 
their CBC risk at approximately 30% at 10 years [47, 77]. Interestingly, the per-
ceived CBC risk was not different between CPM, UM, and BCS patients [47]. 
Patients often have the misperception that CPM will eliminate risk of any type of 
breast cancer recurrence [67]. Seventy three percent of women in one study stated 
that there was no difference in survival between surgical options, but of the 27% that 
felt there was a difference, approximately 60% felt that BM patients would live 
longest [67]. Qualitative interviews with breast cancer patients revealed that women 
often felt that CPM would “insure a better survival” [70]. These knowledge deficits 
are significant because knowledge is a critical component of decision making and 
these deficits demonstrate that patients are not informed of how certain surgical 
procedures can impact their overall outcome.

 Surgeon Perspectives About CPM

There is little data in the literature on physician’s CPM knowledge and perceptions. 
One Australian study [78] reported that surgeon age and gender were not related to 
CPM rates, contrasting another study that showed higher CPM rates among female 
surgeons [79]. Most physicians report that patient motivations drive the decision to 
undergo CPM with surgeons discussing it with patients only 5–20% of the time 
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[78]. Surgeons stated that “fear and anxiety” was the most common reason women 
requested a CPM [78]. When asked when they would recommend a CPM, surgeons 
stated BRCA carrier status and strong family history were the most common rea-
sons with patient initiative as the third most common. In another study based in the 
United States [80], over half of surgeons stated they were at some point uncomfort-
able performing CPM and roughly a third said they were comfortable performing 
CPM on an average risk patient. Another study from the same survey showed that 
approximately 40% of surgeons had “low knowledge” about CPM particularly 
about CBC risk in certain patient subgroups. Understanding physician’s knowledge 
base and perceptions is crucial to understanding how physicians inform their 
patients and what influence they have on a patient’s decision to undergo CPM. Indeed, 
Rosenberg’s study showed that physicians were the most important source of infor-
mation and have an enormous influence on patient decision making [67]. Future 
studies further examining the role and influence of the surgeon in the patient deci-
sion making process for CPM are needed.

 Counseling Patients on Contralateral Prophylactic 
Mastectomy: Insuring Informed Consent

There are three critical factors that make up a high-quality decision: decisions 
should be informed and shared between physician and patient and reflective of 
patient’s values and concerns. Applying these principles to the surgical decision 
making process is feasible. Previous trials of decision aids for breast cancer surgery 
decisions have shown that decision aids improve knowledge, decrease decisional 
regret, and improve decisional satisfaction [81–84], but few decision aids address 
decision making surrounding CPM. A recent consensus statement from the 
American Society of Breast Surgeons [11, 12] outlines the impact of CPM on 
patient reported outcomes and survival outcomes and outlines considerations for 
CPM and against CPM. CPM is generally recommended for those patients who are 
at higher risk for a CBC such as BRCA carriers, strong family history, or previous 
chest wall radiation but not for those at average risk for CBC (Table 3.4). Important 
to the discussion of CPM with patients are not only how CPM impacts survival and 
CBC risk but how CPM affects other patient outcomes such as sexuality and physi-
cal side effects. Understanding patient’s values and preferences for radiation ther-
apy, cosmesis, future screening, and how important it is to keep their breast will also 
facilitate shared decision making between the patient and physician. Other state-
ments and guidelines [10, 85] have also stressed the importance of an informed 
discussion with patients about CPM. It is important to consider all the “pros” and 
“cons” when discussing the option of CPM with patients (Table 3.5) because the 
reasons to choose CPM may vary between different patients. The key component to 
each patient’s decision is to insure patients are given the information, time, and 
resources to make a decision that is concordant with their wishes and values and 
safe for their health.
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 Introduction

In patients with breast cancer, axillary lymph node status is the most significant prog-
nostic factor and predictor of long-term outcomes [1, 2]. Presence of nodal metasta-
sis is associated with increased risk of locoregional recurrence and decreased overall 
survival. Patients who have nodal spread require more aggressive local and systemic 
therapy. Axillary lymph node dissection (ALND) was the standard of care for all 
patients presenting with breast cancer for much of the twentieth century for the pur-
poses of staging and treatment. This procedure removes all the lymph nodes from 
level I and level II in the axilla and is associated with significant risk of functional 
disability of the ipsilateral arm, chronic pain, and lymphedema. It was not until the 
1990s that a much less morbid procedure, sentinel lymph node (SLN) surgery was 
developed [3, 4]. SLN surgery has been proven to be safe and feasible for clinically 
node-negative patients while accurately determining nodal status (node positive ver-
sus node negative). Management of the axilla has since evolved at an accelerated 
pace in recent years. Numerous multi-institutional studies have provided strong evi-
dence that less aggressive surgical treatment of the axilla in most patients provide 
similar prognostic data while maintaining similar locoregional control.

 Anatomy and Physiology

Lymphatic drainage of the breast originates from the breast lobules and flows into a 
subareolar plexus, that was first described by Sappey in 1874 who injected mercury 
into the dermis of a cadaver to identify the lymphatic pathways [5]. The axillary 
lymph nodes receive over 80% of the lymphatic drainage from all quadrants of the 
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breast. The internal mammary, infraclavicular, and supraclavicular lymph nodes 
receive the remainder of the drainage.

The axillary nodes are divided into three levels described in relationship to the pec-
toralis minor muscle. Level I nodes are inferior and lateral, level II nodes are posterior, 
and level III nodes are medial to pectoralis minor. A complete axillary dissection 
involves removing level I and level II lymph nodes and any gross disease in level III.

SLN surgery for breast cancer was introduced in the early 1990s as an alternative 
to an axillary dissection for clinically node-negative patients for staging purposes. 
This concept utilizes the theory that the lymphatic drainage of the breast and any 
tumors that develop will first drain into one or a few lymph node(s) before spreading 
to the rest of the axilla. Thus, by locating and removing these lymph node(s), called 
the sentinel lymph node(s), the status of the axilla can be determined. In experi-
enced surgeons, this procedure carries an overall SLN detection rate of 99% and has 
a false-negative rate (FNR) between 5 and 10% [6].

The technique for SLN surgery involves injecting a tracer or two tracers into the 
breast to identify the SLNs. Most commonly used tracers are radioactive mapping 
agents and a blue dye (lymphazurin or methylene blue or patent blue dye). Numerous 
studies have shown that using dual agents increases SLN detection rates and mini-
mizes SLN false-negative rates. The location of tracer injection was an area of 
debate in the past. Many surgeons initially injected the tracers around the tumor, 
with nonpalpable lesions being more difficult. However, several studies have shown 
that injecting in the subareolar space is easier, can be applied to multifocal tumors 
as well as nonpalpable tumors, and carries similar identification and accuracy rates 
to peritumoral injections [7, 8].

 Clinically Node-Negative Patients

All patients initially diagnosed with breast cancer should undergo a complete his-
tory and physical. The physical should include an examination of the breast and 
axilla as well as the regional sites for lymphatic drainage, including the neck, supra-
clavicular, and infraclavicular regions. Unfortunately, physical examination alone is 
poor at assessing the axillary nodes as small metastatic lymph nodes may not be 
palpable and palpable lymph nodes may be reactive and not metastatic. Axillary 
ultrasound provides an extension of physical examination and provides a more reli-
able way to assess the axillary lymph nodes [9]. For this reason, an axillary ultra-
sound should be obtained and if any suspicious nodes are seen sonographically, a 
fine needle aspiration (FNA) biopsy or core needle biopsy should be performed. If 
the ultrasound-guided percutaneous biopsy does not show any metastatic involve-
ment, patients are considered clinically node negative (cN0).

In the clinically node-negative patient with invasive breast cancer where surgery 
is the initial treatment, SLN surgery should routinely be performed to stage the 
axilla. Multiple randomized trials have proven that this is a safe and reliable tech-
nique, with equivalent overall and disease-free survival rates to ALND, but associ-
ated with much less morbidity.
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The National Surgical Adjuvant Breast and Bowel Project (NSABP) B-32 random-
ized 5611 patients across 80 institutions to SLN surgery plus ALND versus SLN sur-
gery and completion ALND only in cases where any of the SLN(s) were positive [10]. 
The SLN identification rate was 97% overall with a false-negative rate of 9.7% in the 
SLN plus ALND group. B-32 did not show any differences in overall survival, dis-
ease-free survival, or recurrence rates between the two groups. This study validated 
the use of SLN surgery in clinically node-negative patients and led to SLN sur-
gery replacing ALND as the standard procedure in staging the axilla in these patients.

When SLN surgery replaced ALND in clinically node-negative patients, sentinel 
nodes containing metastasis found at the time of surgery required an ALND. However, 
clinicians observed that in the majority of patients where a SLN was positive and an 
ALND was subsequently performed, there was no further disease in the additional 
axillary nodes resected in addition to the disease identified in the SLN. Clearing 
negative lymph nodes is not thought to provide oncologic benefit. This begged the 
question of whether patients with minimal axillary metastatic burden require ALND.

The American College of Surgeons Oncology Group (ACOSOG) Z0011 trial by Dr. 
Armando Giuliano and colleagues challenged the dogma that patients with a positive 
SLN require an ALND [11, 12]. This trial randomized 891 patients who had a clinically 
negative axilla and were undergoing breast-conserving surgery for T1 or T2 tumors, 
planning adjuvant whole-breast radiation and were found to have only one or two posi-
tive sentinel lymph nodes into two groups: ALND versus no ALND. The majority of the 
patients received systemic adjuvant therapy. At a median follow-up time of 6.3 years, 
there were no significant differences in overall survival (91.8% versus 92.5%), disease-
free survival (82.2% versus 83.9%), or axillary recurrence rates (0.9% versus 0.5%). 
More recently presented data provided longer follow-up results with a median of 
9.25 years, showed that these results held true with longer follow-up. Nodal recurrence 
rates remained low and not significantly different between the two groups, 1.5% in the 
SLN group and 0.5% in the ALND group (p = 0.28) [13]. The authors concluded that in 
patients with early stage breast cancer with one or two positive sentinel lymph nodes 
undergoing breast-conserving surgery, SLN surgery alone is not inferior to ALND. The 
trial was criticized as the pre-specified accrual was not met, the majority of the patients 
had favorable tumor characteristics, and a significant number of patients were lost to 
follow-up in each group. In addition, the radiation fields were not documented and the 
degree of tangential radiation field coverage of the axilla or definitive radiation to the 
axilla is not known for the entire trial cohort. Radiation fields from a subgroup of 228 
patients have been reviewed and showed that 19% of patients also had regional nodal 
irradiation, and this was more common in patients at higher risk for additional nodal 
involvement but, however, was not different between the two study arms [14]. Despite 
the criticism, the immediate impact Z0011 had on the national stage was irrefutable as 
surgeons have now adopted these findings into clinical practice and avoid ALND for 
patients meeting the Z0011 criteria.

The International Breast Cancer Study Group (IBCSG) 23-01 randomized T1 or 
T2 breast cancer patients that were clinically node negative who underwent BCT or 
mastectomy and had micrometastases (defined as <2 mm) in the SLN to ALND 
versus no ALND [15]. There were 464 patients in the ALND arm and 467 patients 
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in the no ALND arm. The authors found no statistical differences between the two 
groups in terms of 5-year overall survival (97.6% ALND versus 97.5% no ALND) 
and 5-year locoregional recurrence rates (2.4% ALND versus 2.8% no ALND). 
These findings corroborate the Z0011 findings, although 23-01 was limited to 
micrometastatic nodal disease. The proportion of mastectomy patients was too low 
to provide meaningful extrapolation to patients undergoing mastectomy.

Together, these recent trials have provided strong, randomized, multi- institutional 
data that SLN surgery alone in patients undergoing breast-conserving surgery found 
to have minimal disease burden in the axilla (micrometastases, one or two positive 
lymph nodes) is not inferior to a complete axillary dissection. Since ALND is asso-
ciated with a greater morbidity and long-term complications compared to SLN, 
surgeons should omit ALND in patients with low-burden axillary disease undergo-
ing breast-conserving therapy with adjuvant whole-breast radiation. However, an 
ALND should still be performed in patients who have three or more positive senti-
nel lymph nodes, or have fixed matted nodes, and in patients who are undergoing a 
mastectomy with any positive axillary lymph nodes.

The European trial EORTC 10981-22023 AMAROS (After Mapping of the 
Axilla, Radiotherapy or Surgery) was a multi-institutional trial randomizing patients 
with a positive SLN to ALND versus axillary radiotherapy [16]. There were 744 
patients in the ALND group and 681 patients in the axillary radiotherapy group. In 
this trial, unlike in Z0011, mastectomy patients were allowed to participate. The 
authors found no statistical differences between the two groups in terms of 5-year 
overall survival (93.3% in the ALND group versus 92.5% in the radiation group) as 
well as 5-year disease-free survival (86.9% in the ALND group versus 82.7% in the 
radiation group), suggesting that radiation can be equivalent to ALND in early 
node-positive patients. However, many of these patients met Z0011 criteria and 
could potentially avoid both ALND and axillary radiation.

 Clinically Node-Positive Patients

Axillary ultrasound at the time of diagnosis on all patients with invasive breast can-
cer helps provide preoperative staging information. Patients with suspicious- 
appearing lymph nodes on imaging, and FNA biopsy or core biopsy of an axillary 
lymph node proves metastatic disease are considered to be clinically node positive 
and this is designated with an (f) suffix [e.g., cN1(f)]. Placement of a clip in the 
node should be considered for cases where the biopsy shows metastatic 
involvement.

Historically, many patients who were operable candidates proceeded directly to 
surgery, while patients who were inoperable received neoadjuvant chemotherapy. In 
the modern era, there has been significantly greater use of neoadjuvant chemother-
apy even in the setting of operable disease. While there is no evidence for a survival 
benefit with the use of neoadjuvant chemotherapy, this practice often allows for a 
reduction in the primary tumor burden in the breast and the extent of disease in the 
axilla as well as allowing assessment of tumor response. Patients who are not 
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candidates for breast-conserving surgery often become candidates after neoadjuvant 
chemotherapy and patients are less likely to require ALND after neoadjuvant che-
motherapy than if they undergo primary surgery.

The accuracy and false-negative rates of SLN surgery performed after neoadju-
vant chemotherapy are similar to when SLN is performed upfront in clinically node- 
negative patients. The advantages of performing SLN surgery after neoadjuvant 
chemotherapy are as  follows: (1) it allows the breast and axillary surgery to be 
performed at one operation rather than two separate operations, (2) less patients 
overall are node positive so fewer axillary dissections are needed, and most impor-
tantly (3) it allows assessment of response to therapy. If the SLNs are removed prior 
to chemotherapy, assessment of axillary response to chemotherapy cannot be 
performed.

For patients with clinically node-positive disease, historically ALND has been 
recommended after neoadjuvant chemotherapy. However, improvements in chemo-
therapy and targeted therapy have resulted in rates of nodal response to neoadjuvant 
chemotherapy as high as 40–75% [17–19]. Therefore, much recent interest has 
focused on the accuracy and feasibility of staging axillary response with SLN sur-
gery following treatment, and reserving ALND for patients with residual nodal 
involvement rather than committing all patients to an ALND. Early studies demon-
strated a higher than acceptable FNR of SLN surgery in this setting. In the last 
decade, several large, multi-institutional trials have been completed focusing spe-
cifically on assessing the accuracy of SLN surgery in node-positive patients treated 
with neoadjuvant chemotherapy.

The ACOSOG Z1071 trial enrolled 756 patients who had biopsy-proven, node- 
positive disease in the axilla and were treated with neoadjuvant chemotherapy [20]. 
After neoadjuvant chemotherapy, each patient had their primary breast surgery and 
underwent SLN surgery and completion axillary dissection (regardless of the SLN 
result). The primary endpoint for the trial was to determine the false-negative rate of 
SLN surgery with resection of at least two SLNs. The predetermined threshold for 
the study was a FNR of less than 10%. The overall FNR in the study was 12.6%. 
Subset analysis showed that the FNR was significantly lower at 10.8% when dual 
tracers were used for SLN identification. Additionally, the FNR was lower when 
more sentinel nodes were removed, with a FNR of 9.1% with three or more SLNs. 
In addition, in patients where the lymph node that was originally biopsied and 
proven to be positive and had a clip placed, the FNR was 6.8% in cases where the 
clipped node was removed as part of the SLN surgery.

The SENTINA trial was undertaken at 103 institutions in Germany and Austria 
to study the optimal timing of SLN surgery in patients being treated with neoadju-
vant therapy [21]. The trial had four study arms one of which (arm C) had 592 clini-
cally node-positive patients treated with neoadjuvant chemotherapy that converted 
to a clinically and ultrasound node-negative axilla and underwent SLN surgery and 
ALND. The FNR of SLN in patients in arm C was 14.2%. The authors also showed 
a lower FNR with the use of dual-agent tracers versus one agent (8.6% versus 
16.0%) as well as a lower FNR when more sentinel nodes were removed (24.3% 
with one node, 18.5% with two nodes, and 4.9% with three or more nodes).
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The Canadian trial SN FNAC study analyzed 153 biopsy-proven, node-positive 
patients who received neoadjuvant chemotherapy and then subsequently had SLN 
surgery and ALND to determine the FNR [22]. They included patients with isolated 
tumor cells (ITCs) identified on immunohistochemistry in the SLN as node positive. 
With this definition, the FNR was 8.4%. If the cases with ITCs were counted as 
negative nodes, the FNR was 13.4%. They also showed that removing more SLNs 
was associated with a lower FNR (18.2% with one SLN versus 4.9% with two or 
more SLNs).

Interest has grown regarding the ability to identify and resect the biopsy-proven, 
positive node as part of the surgical staging procedure after chemotherapy. The 
Z1071 subgroup data showed a lower FNR when the biopsy-proven node was 
clipped and the clipped node was resected at SLN surgery. A group in the Netherlands 
reported on a technique called the MARI procedure (Marking Axillary Lymph Node 
with Radioactive Seeds) in 100 patients [23]. At diagnosis, a radioactive seed was 
placed in the positive node and after completion of chemotherapy, the seed localized 
node was resected. They reported a FNR of 7% with MARI, in the absence of SLN 
surgery. The MD Anderson group has reported on targeted axillary dissection 
(TAD): they place a clip in the biopsy-proven lymph node at diagnosis and then 
subsequently after chemotherapy localize the clipped node with a radioactive seed 
[24]. They combine SLN surgery with removal of the radioactive seed localized 
node. The FNR using TAD in their study was 2%. Some institutions have already 
adopted this technique as standard protocol for node-positive patients who have a 
clinically negative axilla after neoadjuvant chemotherapy.

These prospective, multi-institutional trials have paved the way to allow patients 
with node-positive breast cancer who have a great response to neoadjuvant chemo-
therapy to potentially avoid ALND. SLN surgery in these patients allows assess-
ment of the nodal status of the axilla after chemotherapy. Several techniques can 
help minimize the false-negative rate in this setting including: use of dual tracer, 
resection of two or more SLNs, evaluation of the SLNs for treatment effect or 
biopsy changes and consideration of clip placement in the node at diagnosis with 
resection of the clipped node at surgery.

 Role of Radiation

The management of breast cancer requires a multidisciplinary approach. The ben-
efits of radiation to the breast in all patients treated with breast-conserving surgery 
and to the chest wall in selected patients treated with mastectomy have been proven 
in terms of recurrence and overall survival. The benefit of radiation to the axilla and 
regional nodal basins is more complex. Adding radiation therapy to the axilla 
increases morbidity, specifically lymphedema. The complexity in management 
increases even further as the multidisciplinary team considers axillary dissection 
versus axillary radiation versus using both axillary dissection and radiation.

Post-mastectomy patients with four or more metastatic axillary lymph nodes (pN2 
disease) have a significantly higher risk of locoregional recurrence. These patients 
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benefit from chest wall radiation with regional nodal irradiation (RNI), which includes 
the axilla, as well as the supraclavicular, infraclavicular, and internal mammary nodes 
[25–27]. Post-mastectomy radiation therapy (PMRT) is currently the standard of care 
in this setting and provides a significant reduction in  locoregional recurrence and 
increase in breast-cancer specific survival and overall survival [28–30]. For patients 
treated with a mastectomy who have one to three positive nodes, earlier studies 
showed a significant decrease in local and regional recurrence and better survival for 
patients who received PMRT [31, 32]. More recent studies utilizing modern chemo-
therapy regimen showed that for post-mastectomy patients with one to three positive 
nodes, locoregional recurrence was in the range of 4–5% without additional radio-
therapy [33, 34]. Current NCCN Guidelines recommend strong consideration of 
PMRT in post-mastectomy patients with one to three  positive nodes.

For patients undergoing breast-conserving therapy, whole-breast irradiation 
(WBI) is standard treatment. In pathologically node-negative patients, specific 
nodal radiotherapy is unnecessary. However, it is estimated that the tangential fields 
in whole-breast radiation can cover up to 80% of level I and level II axillary lymph 
nodes. In pN2 patients, regional nodal irradiation (RNI) is indicated in addition to 
WBI. Controversy exists in patients with one to three positive lymph nodes under-
going breast-conserving therapy as the benefit of adding RNI to WBI is less clear. 
The recent NCIC-CTG MA.20 trial was undertaken to evaluate the role of RNI in 
these patients [35]. In this trial, 1832 women with node-positive or high-risk, node- 
negative breast cancer treated with lumpectomy and adjuvant systemic therapy were 
randomized to two arms: WBI versus WBI plus RNI. Eighty-five percent of the 
patients in this study had one to three positive nodes and 96% of patients had an 
ALND. At a median follow-up time of 9.5 years, there was no difference in survival 
(81.8% in the WBI group versus 82.8% in the WBI plus RNI group). However, there 
was a significant difference in disease-free survival (77.0% in the WBI group versus 
82.0% in the WBI plus RNI group) and isolated locoregional disease-free survival 
(92.2% in the WBI group versus 95.2% in the WBI plus RNI group). The authors 
concluded that the addition of RNI to WBI in this select population did not alter 
overall survival but did reduce breast-cancer recurrences.

However, the MA.20 results and ACOSOG Z0011 results conflict, as the Z0011 
study demonstrated that patients with one or two positive SLN(s) treated with 
lumpectomy and whole-breast radiation without regional nodal radiation do not 
require axillary dissection. Therefore, since there has been no clear overall survival 
advantage for the addition of RNI, the role of RNI for patients with one to three 
positive nodes treated with breast-conserving surgery remains a controversial topic. 
Current NCCN Guidelines recommend strongly considering RNI for these patients.

The benefit of radiation in node-positive patients that convert to pathologically 
node-negative with neoadjuvant chemotherapy becomes the next question to study. 
Two trials are currently accruing patients to address management of the axilla in 
node-positive patients treated with neoadjuvant chemotherapy. The NASBP B-51 
trial is currently enrolling patients who have node-positive disease, treated with 
neoadjuvant chemotherapy, and have no evidence of residual nodal disease at the 
time of surgery (by SLN surgery or ALND) [36]. Patients in the trial are randomized 
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to axillary radiation versus no axillary radiation. The Alliance trial A11202 is cur-
rently enrolling patients who present with node-positive disease, treated with neo-
adjuvant chemotherapy, and have residual node-positive disease by SLN surgery 
[37]. They are randomized to undergo ALND versus axillary radiation. End points 
in both trials are survival and recurrence. The results of these trials should elucidate 
a clearer picture for the optimal management of the axilla for node-positive patients 
undergoing neoadjuvant chemotherapy.

 Ductal Carcinoma in Situ

Ductal carcinoma in situ (DCIS) is by definition noninvasive disease. There is theo-
retically no potential for metastatic spread. In patients with DCIS treated with breast 
conservation, routine nodal staging is not indicated. However, previous studies have 
documented an upstage rate from DCIS on core needle biopsy to invasive cancer at 
surgical resection of 15%. Cases where there is comedo necrosis, a large palpable 
mass, or DCIS involving more than 4 cm have a greater chance of finding invasive 
disease. In patients undergoing breast-conserving surgery that have a high risk for 
invasive disease, it is reasonable to consider SLN surgery at time of lumpectomy to 
avoid the need for a second operation. Additionally, in patients undergoing a mas-
tectomy for DCIS, disruption of the lymphatic drainage of the breast occurs with the 
removal of the breast and the accuracy of SLN surgery after a mastectomy is 
unknown. Therefore, in patients undergoing a mastectomy for DCIS, SLN surgery 
is recommended [38].

 Special Considerations

Inflammatory breast cancer (IBC) is an aggressive form of breast cancer, classically 
characterized by diffuse erythema and skin edema known as peau d’orange. 
Treatment consists of neoadjuvant chemotherapy, followed by a modified radical 
mastectomy, and post-mastectomy radiation. There are no prospective or large cohort 
studies to evaluate the accuracy or safety of performing SLN surgery in these patients. 
Since the rates of involved lymph nodes are high and the false-negative rate of SLN 
was high in the limited available studies, axillary dissection is recommended [39].

Breast cancer occurring in pregnant patients, or pregnancy associated breast can-
cer, is always a challenging clinical scenario. Some authors have advocated that 
ALND be the standard approach in all patients as previous studies showed that axil-
lary lymph nodes are frequently positive and the safety or efficacy of radiolabeled 
tracers are uncertain. Blue dye should never be used in pregnant patients as it is a 
category C substance with significant teratogenic effects. However, the absorbed radi-
ation dose with standard technetium 99m to the fetus are mostly below 20 μGy for 
10–20 MBq (typical doses for a SLN injection) as assessed by experimental models, 
and falls well below the safety threshold for the developmental defects [40]. Therefore, 
clinically node-negative pregnant patients can undergo axillary staging with SLN sur-
gery using morning of surgery, low-dose injection of radiolabeled tracer.
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Patients with recurrent breast cancer who have had prior axillary nodal staging 
may have aberrant non-axillary drainage patterns due to the disruption of the origi-
nal drainage pathways. Preoperative lymphoscintigraphy is helpful in these patients. 
Although repeat SLN surgery has been reported as feasible and accurate, this topic 
has not been well-studied [41–43]. In a meta-analysis reviewing 692 patients with 
recurrent breast cancer (301 after previous SLN surgery and 361 after previous 
ALND and 30 with no previous axillary surgery), a sentinel lymph node was identi-
fied in 452 of the 692 patients (65.3%). SLN identification rate was significantly 
higher in patients who had undergone previous SLN surgery compared to a previous 
ALND (81.0 versus 52.2%, p < 0.0001) [44]. In patients with successful lymphatic 
mapping, aberrant drainage pathways were visualized in 175 of 405 patients 
(43.2%), and this was more frequent after previous ALND than after previous SLN 
surgery (69.2 versus 17.4%, p < 0.0001). Thus for patients with recurrent breast 
cancer, SLN surgery can be attempted and lymphoscintigraphy to map the drainage 
should be performed. In cases where SLN fails to map, ALND should be considered 
for axillary staging.

 Future Directions

The management of the axilla in breast cancer patients has advanced over the last 
decade allowing a less invasive surgical approach for many patients. The Z0011 study 
findings have been widely implemented into practice resulting in less ALNDs for 
women with clinically node-negative disease who are found to be sentinel node posi-
tive at time of breast-conserving surgery. More recent studies have led to the introduc-
tion of SLN surgery after neoadjuvant chemotherapy for node-positive disease.

The question arises whether in the future axillary surgery will be required for 
axillary staging. The SOUND trial in Italy is enrolling patients in an ongoing pro-
spective randomized study comparing SLN surgery versus no axillary surgical stag-
ing in patients with small early stage breast cancer with a negative preoperative 
axillary ultrasound [45]. This study is questioning the benefit of SLN surgery in 
patients with early breast cancer. In addition, the group at MD Anderson is enrolling 
patients in a trial comparing FNA histology from a percutaneous biopsy to standard 
surgical evaluation of the lymph node after neoadjuvant chemotherapy in node- 
positive patients. The results of these and other similar trials might change the para-
digm of surgical evaluation of the axilla in the near future.

 Conclusion

We have moved from a historical approach of performing an axillary dissection for 
all patients diagnosed with breast cancer to a contemporary approach of sentinel 
lymph node surgery for most patients with clinically node-negative breast cancer 
and to omitting axillary dissection in selected node-positive patients. We could pos-
sibly be avoiding any axillary surgery at all in the future. The trend is moving toward 
less aggressive surgery in the axilla and individualizing the surgical approach to the 
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axilla based on breast surgical procedure, extent of nodal disease, tumor biology, 
and response to therapy. Multidisciplinary team input is important and the impact of 
systemic and radiation plans should be considered together with the surgical 
approach to the axilla.
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5Margins and Breast Cancer

Anees B. Chagpar

 Introduction

A fundamental tenet of breast surgical oncology is the need to achieve clear mar-
gins as positive margins are associated with a higher local recurrence rate. The defi-
nition of what constitutes a clear margin has morphed over time, but recent 
consensus statements have shed some light on this controversy. Currently, there is 
a frenzy of activity to elucidate techniques and develop technologies that may aid 
surgeons in their quest to achieve negative margins at the initial procedure, so as to 
reduce re- excision rates. At the same time, however, the liberal use of systemic and 
radiation therapy may lead some to question how vociferously surgeons go after 
clear margins.

 Definition of a Positive Margin

 Invasive Cancer

For quite some time there has been debate over what constitutes an unacceptable 
margin for patients with invasive carcinoma. While the NSABP B-06 trial had 
defined a positive margin as “tumor at ink”, [1] there has historically been signifi-
cant variability in what surgeons consider a negative margin [2]. A recent meta- 
analysis demonstrated that while positive margin status, defined as tumor at the 
resection margin, was associated with a roughly twofold higher rate of local recur-
rence rate; margin distance, however, was not a significant factor [3]. Hence, a 
Society of Surgical Oncology (SSO)-American Society for Radiation Oncology 
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(ASTRO) consensus panel reached the conclusion that a positive tumor should be 
defined as tumor at ink, with larger margin widths not conferring a significant 
improvement in local recurrence rates.

 Ductal Carcinoma in Situ (DCIS)

Patients who present with pure DCIS, especially with an extensive intraductal compo-
nent, are more at risk of having positive margins [4–6]. Given that DCIS can be dis-
continuous, some have advocated larger margins for these patients. Margin width is a 
factor that is part of the Van Nuys Prognostic Index, and patients who have margins 
>1 cm have been found to have a lower local recurrence rate at 10 years than those 
with margins 1–9 mm and those with margins <1 mm (72.1% vs. 85.0% vs. 94.5%, 
p < 0.01) [7]. The 2016 National Comprehensive Cancer Network (NCCN) guidelines 
echoed these data stating that “margins greater than 10 mm are widely accepted as 
negative (but may be excessive and may lead to a less optimal cosmetic outcome). 
Margins less than 1 mm are considered inadequate. With pathologic margins between 
1 and 10 mm, wider margins are generally associated with lower local recurrence 
rates.” [8] Most recently, an SSO-ASTRO-American Society of Clinical Oncology 
(ASCO) consensus evaluated data, including a meta-analysis, and reached the conclu-
sion that achieving margins of 2 mm in patients with DCIS who will be undergoing 
whole breast radiation therapy reduces ipsilateral breast tumor recurrences more than 
narrower margins, but that wider margins did not significantly improve outcomes [9]. 
However, for patients with <2 mm margins (but with no tumor at ink), the consensus 
panel urged the use of clinical judgment in determining the need for re-excision.

 Techniques to Improve Margin Clearance

While there has been considerable controversy regarding what constitutes a negative 
margin, it is clear that attainment of a negative margin at the initial definitive surgical 
procedure is optimal, as neither patients nor surgeons rejoice in having to return to the 
operating room for a re-excision to obtain clear margins. Despite their best efforts, 
most surgeons report a 20–40% rate of positive margins at the time of the initial sur-
gery, [10, 11] although this rate may have reduced slightly due to a change in defini-
tion of what constitutes a negative margin [12]. There have been a number of 
techniques, both preoperatively and intraoperatively, that have been investigated to 
improve surgeons’ ability to achieve clear margins at the initial surgical procedure.

 Preoperative Imaging

Surgeons often obtain preoperative imaging to aid their surgical planning, and some 
have suggested that use of sensitive imaging techniques, such as Magnetic 
Resonance Imaging (MRI) may reduce the likelihood of having a positive margin at 
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the conclusion of the initial surgical procedure. To date, there have been two ran-
domized controlled trials which have evaluated this hypothesis, neither of which 
found an improvement in positive margin rates with the use of MRI (Table 5.1). The 
COMICE trial [13] found no difference between the two arms, the MONET trial 
[14] paradoxically demonstrated an increase in positive margins associated with the 
use of preoperative MRI. An ongoing American College of Surgeons Oncology 
Group (ACOSOG)/American College of Radiology Imaging Network trial seeks to 
further evaluate the impact of MRI on surgical outcomes.

Some have argued that perhaps MRI is better for helping surgeons achieve nega-
tive margins in patients with DCIS, as these patients may be more likely to have 
positive margins. A meta-analysis which evaluated the use of MRI in patients with 
DCIS, however, concluded that MRI did not significantly affect margin status nor 
re-excision rates in these patients [15].

 Localization Techniques for Non-palpable Tumors

With the widespread adoption of screening mammography, many of the malignan-
cies we identify are not palpable. Indeed, even for those that present with palpable 
tumors, the use of neoadjuvant chemotherapy often renders these non-palpable. 
Hence, there has been increasing focus on whether different techniques for localiza-
tion for these tumors may affect our ability to achieve negative margins at the initial 
surgical procedure. A recent Cochrane analysis found that there is no significant 
difference between wire localization, radio-occult lesion localization (ROLL) or 
radioactive seed localization (RSL) in terms of margin positivity and re-excision 
rates [16]. Several studies comparing these techniques and their impact on positive 
margin and re-excision rates are shown in Table 5.2.

The use of intraoperative ultrasound has also been evaluated as a means of local-
izing non-palpable tumors. A recent meta-analysis found that use of intraoperative 
ultrasound was significantly associated with a lower positive margin rate (OR from 
eight prospective studies: 1.63; 95% CI: 1.10–2.42, p = 0.010). This effect seems to 
be more pronounced in non-palpable tumors (OR: 1.47; 95% CI: 0.98–2.22, 

Table 5.1 Preoperative MRI and positive margin rates

Study

Intervention Positive margin rate Re-excision rate

Arm n % p-value % p-value

Comice MRI 816 13%a n/s 16% 0.77

No MRI 807 15%a 19%

Monet MRI 74 n/s n/s 45%b 0.069

No MRI 75 n/s 28%b

SOC 116 34% 21%

SOC standard of care, n/s not specified
aPositive margins stated are for invasive disease only
bRe-excision rate stated are for re-excision (breast conserving surgery) and conversion to mastec-
tomy after initial surgery
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p = 0.030) than in palpable ones (OR: 2.36; 95% CI: 1.26–4.43, p = 0.361) [17]. 
Data from several other studies comparing ultrasound to either palpation or wire- 
guided localization are shown in Table 5.3.

 Intraoperative Specimen Imaging

Several authors have suggested that intraoperative specimen radiography may help 
surgeons to identify close margins, such that additional tissue can be taken in the 
particular area that appears to be close. However, the absolute benefit is modest. For 
example, in their study of 174 patients who underwent breast conserving surgery 
with intraoperative specimen radiography, Hisada et al. found that 24 underwent 
intraoperative excision of a perceived close margin [18]. Of these, 5 (20.8%) were 
found to have histologically positive margins even after the intraoperative margin 
excision. Of the 150 patients who did not undergo intraoperative margin excision, 
20 (20.0%) similarly had histologically positive margins at the conclusion of the 
operative procedure. McCormick et al. found that specimen radiography spared 6 of 
93 patients an additional surgery to clear margins [19]. In the SHAVE trial, which 

Table 5.2 Type of localization for non-palpable lesions

Study

Intervention Positive margin rate Re-excision rate

Arm n % p-value % p-value

Postma et al. [29] ROLL 162 14% 0.644 12% 0.587

WGL 152 12% 10%

Duarte et al. [30] ROLL 64 59% n/s 25% n/s

WGL 65 60% 19%

Gray et al. [31] RSL 51 – – 26% 0.02

WGL 46 – 57%

Rarick et al. [32] RSL 44 23% 0.69 – –

WGL 62 24% –

Bloomquist et al. [33] RSL 72 19.4% 0.53 – –

WGL 59 15.3% –

Sharek et al. [34] RSL 114 – – 21.1% 0.360

WGL 118 – 26.3%

Murphy et al. [35] RSL 431 7.7% 0.38 23.0% 0.83

WGL 256 5.5% 22.3%

Hughes et al. [36] RSL 383 27% <0.001 8% <0.001

WGL 99 46% 25%

Van der Noorda et al. [37] RSL 128 19.5% 0.942 9.4% 0.801

ROLL 275 18.5% 10.2%

Donker et al. [38] RSL 83 13% n/s 8% 0.778

ROLL 71 13% 7%

ROLL radio-occult lesion localization, RSL radioactive seed localization, WGL wire-guided local-
ization, n/s not specified
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allowed surgeons to take selective margins prior to randomization on the basis of 
intraoperative specimen radiography, patients who had selective margins taken were 
no less likely to have positive margins prior to randomization than those who did not 
(38% vs. 34%, p = 0.53) [6].

Some have argued that these results may be related to the concept that specimen 
radiography is two-dimensional. In a study in which orthogonal views were obtained 
of specimen radiographs, we found that initial margin positivity was reduced from 
37.8 to 30.0% with the addition of standard specimen radiography and intraopera-
tive re-excision; this was only reduced by another 1.1% by adding orthogonal views 
[20]. Still, some have lauded novel technology (like micro-CT scanners) to reduce 
margin positivity by improving intraoperative specimen radiography [21].

 Novel Technology

In order to improve selective margin excision at the initial surgery, there has been 
considerable interest in novel technology to detect cancer at the margin. A radiofre-
quency probe, MarginProbe (Dune Medical), has been studied for a potential role in 
reducing margin positivity (Table 5.4). A number of other novel technologies are 
under current investigation.

Table 5.3 Intraoperative ultrasound

Study

Intervention Positive margin rate Re-excision rate

Arm n % p-value % p-value

Rahusen et al. [39] US 26 11% 0.007 – –

WGL 23 45% –

Eggemann et al. [40] US 90 12.2% 1.000 10.0% 0.798

WGL 68 13.2% 11.8%

James et al. [41] US 96 10.4% >0.05 20.8% 0.184

WGL 59 11.9% 30.5%

Moore et al. [42] US 27 3.5% <0.05 – –

SOC 24 29% –

COBALT [43] US 65 3% 0.0093 2% n/s

Palpation 69 17% 11%

Karanlik et al. [44] US 84 17% 0.03 – –

Palpation 80 6% –

Fisher et al. [45] US 73 – – 23% > 0.05

Palpation 124 – 25%

Davis et al. [46] US 22 9% 0.01 9% 0.04

Palpation 44 41% 34%

US intraoperative ultrasound, WGL wire guided lumpectomy, SOC standard of care (i.e., no ultra-
sound, but otherwise localization technique not specified), n/s, not stated

5 Margins and Breast Cancer



64

 Routine Cavity Shave Margins

Given that routine specimen radiography and resection of selective margins does 
not seem to significantly impact margin positivity, there has been significant interest 
in resection of routine cavity shave margins at the time of the initial surgery. There 
have been a number of retrospective studies, and now some randomized controlled 
trials, that have demonstrated that this technique can reduce positive margin and 
re-excision rates by 50% (Table 5.5). In addition, this technique has not been shown 
to adversely affect cosmetic outcomes, takes 10 min extra in the operating room, 
and may save healthcare dollars [22]. The American Society of Breast Surgeons 
endorsed routine cavity shave margins as one of the tools in the “toolbox” to reduce 
re-excision, but cautioned against “tiny shaves” that do not adequately excise the 
lumpectomy cavity [23]. A video of cavity shave margins that demonstrates com-
plete cavity shave margins can be found here [24].

Table 5.4 Novel technology

Study

Intervention Positive margin rate Re-excision rate

Arm n % p-value % p-value

Schnabel et al. [58] Device 298 30.9% 0.008 19.8% 0.097

SOC 298 41.6% 25.8%

Sebastian et al. [59] Device 165 – – 9.7% <0.0001

SOC 186 – 25.8%

Thill et al. [60] Device 42 17% 0.018

SOC 67 39%

Allweis et al. [61] Device 143 12.6% 0.098

SOC 150 18.6%

Table 5.5 Routine cavity shave margins

Study Type

Intervention Re-excision rate

Arm n % p-value

Kobbermann et al. [47] Retrospective CSM 69 21.7% 0.011

SPM 69 42.0%

Marudanayagam et al. [48] Retrospective CSM 394 5.58% <0.01

SPM 392 12.5%

Unzeitig et al. [49] Retrospective CSM 67 23.9% 0.0003

SPM 455 46.8%

Janes et al. [50] Retrospective CSM 106 7.2% 0.001

SPM 111 17.0%

Huston et al. [51] Retrospective CSM 45 17.7% n/s

SCSM 77 32.5%

SPM 49 38.7%

Chagpar et al. [6] Prospective RCT CSM 119 10.1% 0.02

SPM 116 20.7%

CSM cavity shave margins, SPM selective partial mastectomy, SCSM selective cavity shave mar-
gins, n/s not specified
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 Intraoperative Pathologic Evaluation of Margins

Several authors have proposed the concept of intraoperative pathologic evaluation 
of margins, either with frozen section or touch imprint cytology to reduce final posi-
tive margin rates (Table 5.6). Thill et al., in their review, noted the shortcomings of 
frozen section and touch imprint cytology. They note that frozen section is time 
consuming, prone to sampling error, and may further expend valuable tissue (par-
ticularly for small tumors) risking not having sufficient tissue for further histopatho-
logic and biomarker evaluation [25]. Touch imprint cytology relies on superficial 
cells, thereby providing no information regarding margin width, relies on an expe-
rienced cytopathologist and does not allow for the distinction of DCIS versus inva-
sive disease [25].

 Conclusion

Re-excisions for positive margins has been described as an “epidemic” [26], and 
certainly no surgeon wants to return to the operating room. Still, that positive mar-
gins are associated with a higher risk of local recurrence, a number of techniques 
have been studied to reduce the positive margin and re-excision rate. The changing 
of the definition of a positive margin for invasive cancer to be “tumor at ink” may 
reduce the need for re-excision. While some have argued that focally positive mar-
gins may be acceptable in the current era of nearly ubiquitous systemic and radia-
tion therapy [27], guidelines remain clear that obtaining negative margins is 
mandatory regardless of use of adjuvant therapy [28]. To date, no technique is per-
fect in the quest to eliminate the need for re-excisions and hence, the pursuit of 
surgical techniques to improve margin positivity rates continues.

Table 5.6 Intraoperative pathologic examination of margins

Study N Technique
Without 
intervention

With 
intervention p-value

Osako et al. [52] 1029 FS 30.3%a 5.9%a n/s

Cendan et al. [53] 97 FS 25.8%a 18.6%a n/s

Jorns et al. [54] 369 FS 14.9%b 50.5%b n/s

Weber et al. [55] 111 FS 27.5%a 14.3%a 0.124

Esbona et al. [56] – FS 27%b 6%b <0.0001

IC 26%b 4%b 0.18

D’Halluin et al. [57] 400 IC 24.3%b 12.5%b n/s

FS frozen section, IC imprint cytology
aPositive margin rate
bRe-excision rate for positive margins
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 Introduction

Breast screening programs have increased the detection of early breast cancer, 
making most patients eligible for breast-conserving therapy (BCT) with segmental 
mastectomy and radiation. BCT has similar survival and locoregional recurrence 
outcomes compared to mastectomy [1–3] with fewer complications [4]. However, 
segmental mastectomy is usually still performed in the operating room, requires an 
incision, and is not free of complications such as hematoma, infection, pain, cos-
metic deformity, and wound healing problems [5, 6]. Given these limitations, percu-
taneous ablation techniques that have been used to treat other cancer sites and benign 
breast fibroadenomas are being evaluated for the treatment of early breast cancer.

Potential advantages of percutaneous ablation over surgical excision include a 
more favorable cosmetic result, lower recovery time, lower complications, and 
improved quality of life [7, 8]. If its long-term safety is proved, percutaneous abla-
tion without surgical excision may also decrease healthcare costs. Several tech-
niques have been developed for ablation of breast cancers: radiofrequency ablation 
(RFA), cryoablation, laser, high-intensity focused ultrasound, and focused micro-
wave therapy. Given the broader experience with RFA and cryoablation, this chap-
ter will focus mainly on these two techniques.
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 Cryoablation

 Technique

Cryoablation can be performed in an office setting without sedation [7–9]. Briefly, with 
the patient in supine position and sterile technique, the tumor is visualized and mea-
sured with ultrasound guidance (Fig. 6.1). Since cold from the cryoablation system acts 
as a natural anesthetic, only local anesthesia is required. Under ultrasound guidance, 
the probe is inserted into the center of the tumor (Fig. 6.2). Freezing requires investing 
in a treatment system such as Visica 2 Treatment System (Sanarus Medical; Pleasanton, 
California) and also the availability of liquid nitrogen to achieve subzero temperatures 
[10]. The probe has a proximal insulated portion allowing protection of the overlying 
skin and a distal active freezing zone which forms an ice ball ranging from 4 to 7 cm in 
size with a discrete hyperechoic rim. Attention must be paid to inserting the probe at 
least 0.5 cm longer than the distal active freezing zone. The goal of cryoablation is to 
achieve tissue necrosis of the targeted area through a cycle of freeze, passive thaw fol-
lowed by another freeze cycle with the entire procedure being done under ultrasound 
guidance (Fig. 6.3). This process takes approximately 10 min for each cycle with a total 
procedure time of approximately 30–40 min. Freezing causes cell death through 
osmotic shifts, cell membrane damage, lysis, and damage to blood vessels. To prevent 

Fig. 6.1 Breast ultrasound prior to placement of cryoablation probe (Courtesy of Dr. Rosa 
Hwang)
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skin damage, saline is injected between the ice ball and skin during freezing and 
particularly if the ice ball rim is <0.5 cm from the skin. Adequate skill in performing 
ultrasound- guided procedures is necessary for accurate probe placement.

 Cryoablation and the Fibroadenoma Experience

Successful experience of cryoablating fibroadenomas provided a foundation for evalu-
ating cryoablation to treat breast cancers. Cryoablation is Food and Drug Administration 
(FDA) approved for the treatment of fibroadenomas. In a study with 2.6-year follow-
up, Kaufman et al. reported on 37 patients with ultrasound showing a 99% volume 
reduction in treated fibroadenomas with most (84%) remaining nonpalpable. Long-
term results demonstrated excellent patient and physician satisfaction [11].

The larger multi-institutional FibroAdenoma Cryoablation Treatment (FACT) 
registry of 444 patients reported that the treatment area was palpable at 12 months 
in 60% of cases with high patient satisfaction (88%). Residual palpable areas were 
more common in lesions greater than 2 cm [10]. The fibroadenoma experience dem-
onstrated cryoablation’s safety and provided feasibility for applying this technique 
for breast cancer treatment.

Fig. 6.2 Cryoablation probe inserted with ultrasound guidance through the center of the tumor 
with the tip extending past the tumor (Courtesy of Dr. Rosa Hwang)
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 Cryoablation for the Treatment of Invasive Breast Cancer

The concept of cryoablation was developed in the 1800s for palliative treatment of 
locally advanced uterine and breast cancers using iced saline solution [7, 12]. In 
recent decades, it has been utilized to treat select primary and metastatic cancers in 
the liver [13, 14]. For breast cancer, several parameters have been identified for suc-
cessful cryoablation: unifocal ductal cancer measuring less than 1.5 cm, tumor loca-
tion away from the skin, discrete tumor margins on imaging, and a visible posterior 
wall on ultrasound for evaluating the distal active freezing zone.

Small single-institution studies of ultrasound-guided cryoablation followed 
by surgical excision report variable success rates. With including a larger mean 
tumor size of 21 mm, Pfleiderer [15] reported limited success in treating 16 
invasive cancers with cryoablation followed by surgical excision 5 days later. 
Five tumors measuring less than 16 mm did not have a remaining invasive com-
ponent, but two specimens had residual ductal carcinoma in situ (DCIS). Eleven 
cancers measuring at least 23 mm had incomplete ablation demonstrated on 
surgical pathology.

A recent study incorporating pretreatment and posttreatment breast MRI demon-
strated improved ablation outcomes, likely due to improved patient selection (Figs. 6.4 
and 6.5). In 20 patients with invasive ductal cancer (IDC) measuring ≤15 mm, 

Fig. 6.3 Ultrasound image of ice ball formed after second freeze cycle with tumor cryoablation 
(Courtesy of Dr. Rosa Hwang)
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Poplack et al. [16] reported 85% complete ablation. Posttreatment MRI had a 0% 
sensitivity and 88% specificity with a negative predictive value (NPV) of 83%.

A retrospective study preferred cryoablation when comparing it with 
radiofrequency ablation (RFA) for the treatment of IDC ≤2 cm in elderly patients 
[17]. Forty patients underwent cryoablation compared to 40 patients undergoing 
radiofrequency ablation with a mean age of 75 years. Post-ablation MRI was per-
formed followed by surgical excision approximately 5 weeks later with 18-month 
mean follow-up. There was complete ablation in 75 patients (94%) on surgical exci-
sion, and this was accurately determined on MRI. Two patients undergoing cryoab-
lation (95% success) and three patients undergoing RFA (93% success) had residual 
disease on surgical excision which was visualized on 4-week post-ablation MRI. The 
failures were thought to be due to incorrect positioning of the devices and inade-
quate necrosis area. There were no long-term cosmetic differences between the two 
groups, but there were two cases of skin necrosis in the RFA group. The authors 
preferred cryoablation given the analgesic affect from its cooling.

Studies of cryoablation without surgical excision of breast cancer are limited. 
However, this may become a treatment option for elderly patients with a short life 
expectancy. In a study of 23 patients with a median age of 85 years having invasive 
cancers ranging from 5 to 28 mm, there were five recurrences during the 14.6 month- 
median follow-up [18]. At 24-month follow-up, “complete tumor control” as 
evaluated on MRI was 9%. There were four hematomas and one skin burn.

Fig. 6.4 Pre-cryoablation breast MRI demonstrating a unifocal tumor in the left breast (arrow) 
(Courtesy of Dr. Rosa Hwang)
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 Multi-institutional Cooperative Cryoablation Trial: ACOSOG Z1072

The American College of Surgeons Oncology Group (ACOSOG) Z1072, a multi- 
institutional phase II trial, recently reported the effectiveness of cryoablation for treat-
ing invasive breast cancer [19]. The trial included patients with unifocal IDC ≤2 cm 
with a limited intraductal component (25%) and preoperative tumor enhancement on 
MRI. After undergoing cryoablation, patients underwent repeat breast MRI and surgi-
cal excision. Physicians were required to have a minimum of 20 ultrasound- guided 
procedures and 5 ultrasound-guided cryoablation procedures. Cryoablation success-
fully treated 66 of 87 (76%) of cancers with 16% other specimens having residual 
invasive cancer and 17% having residual DCIS. If multifocal disease was not defined 
as an ablation failure, 92% of tumors were successfully ablated. Postsurgical MRI had 
a negative predictive value of 81% with a 100% NPV for cancers <1.0 cm.

Cryoablation is a promising treatment for small unifocal invasive ductal cancers; 
however, improvements in imaging modalities for accurate identification of multifo-
cal disease are needed to identify appropriate patients. Complications are low and 
include temporary site tenderness, hematoma, and skin necrosis [9, 19, 20]. A unique 

Fig. 6.5 Post-cryoablation breast MRI. Red arrow marks cryoablation halo cavity; no residual 
enhancing mass is seen (Courtesy of Dr. Rosa Hwang)
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property of cryoablation compared to other ablation techniques is its production of 
antitumor immune responses. In animal models [21], it provides antigen presentation 
caused by pro-inflammatory cytokines. In theory, it is possible that the immune 
response induced by cryoablation may protect against local recurrences and possibly 
distant metastasis [7, 19]. Cryoablation has not been adequately evaluated as a treat-
ment for invasive lobular carcinoma or extensive in situ disease [7, 22].

 Radiofrequency Ablation

Radiofrequency ablation (RFA) is one of the most common percutaneous tech-
niques in clinical practice for treating hepatocellular carcinoma, renal tumors, and 
metastasis usually to the liver [23–26]. The feasibility of using RFA for breast can-
cer was first reported by Jeffrey et al. in 1999 [27] in five patients with locally 
advanced invasive breast cancer. Surgical resection followed RFA. Analysis by 
immunohistochemistry demonstrated complete cell death in 80% of the breast 
tumors.

RFA must be performed in the operating room and under general anesthesia. The 
technique uses thermal energy through high-frequency alternating currents emitted 
from the non-insulated tip of a needle electrode. This transmits into the adjacent 
breast tissue, causing ionic vibrations as the ions attempt to follow the rapidly 
changing direction of the alternating current. Ionic agitation results in frictional 
heating to temperatures exceeding 100°C. This in turn causes cell death and coagu-
lation necrosis of the tumor. Higher temperatures cause more destruction to tumor 
cells and the less exposure needed. Central placement of the electrode into the can-
cer is also important with this technique [28–30].

In a two-center pilot study of 26 patients with T1 and T2 invasive ductal, lobu-
lar, and tubular breast cancers, there was 96% complete tumor ablation [28]. One 
patient (4%) had a full-thickness skin burn. Our institution’s feasibility study of 
more homogenous tumor pathology in 21 invasive cancers ≤2 cm (19 ductal his-
tologies), there was complete ablation in all cases with no complications [29]. 
Limitations include the inability for real-time monitoring of the ablation edge to 
confirm complete ablation of the lesion with an adequate margin without damag-
ing the skin.

To improve RFA temperature distribution and possible skin damage, Manenti 
et al. [31] utilized a cool-tip system in 34 patients with IDC ≤2 cm. Patients were 
evaluated with mammogram, breast ultrasound, and 3.0-T MRI before and after 
cool-tip RFA. Complete ablation occurred in 97% of tumors on histologic analysis, 
and post-ablation MRI showed no suspicious enhancement in 31 cases. Cosmesis 
was excellent in 28 patients, and there was a mild superficial skin burn in one patient 
with a tumor <1 cm to the skin edge. However, the cool-tip system also does not 
provide real-time monitoring.

RFA may also have a role in treating breast cancer patients who are elderly or not 
optimal surgical candidates [32, 33]. A recent study reported incorporating preop-
erative endocrine therapy in elderly patients followed by RFA. In 21 patients older 
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than 70 years who had taken neoadjuvant endocrine therapy 6 months for cancers 
≤3 cm, 1-year follow-up after RFA had one local failure [34]. None of the patients 
received irradiation. At 5-year follow-up of ten patients, three patients had local 
failures (two of the three patients had cancers with lobular histology) for an overall 
local recurrence rate of 19%. Four patients (19%) had skin burns, and there were 
four deaths during the study duration (two from cancer-related causes and two from 
non-cancer-related causes). Combining this study with others using preoperative 
endocrine therapy before RFA to evaluate outcomes of 104 patients but shorter fol-
low- up (15–29 months), there was one local recurrence [30]. Future studies evaluat-
ing neoadjuvant endocrine therapy followed by RFA compared to endocrine therapy 
only in this select patient population is needed.

Additionally, a feasibility study by Klimberg et al. [35] evaluated RFA in treating 
the margins after vacuum-assisted excisional biopsy of breast cancer. Vacuum- 
assisted excisional biopsy with an 8-gauge probe has been reported to oftentimes 
completely remove the cancer. Leveraging the ability of large-gauge biopsies to 
remove the majority of a lesion, RFA (15 patients) or laser ablation (3 patients) was 
utilized to treat the cavity for possible residual disease at the margins. MRI was 
incorporated pre-procedure and after vacuum-assisted excisional biopsy. If residual 
or multicentric disease was noted on MRI, then patients underwent standard of care 
and were not included in the study. Otherwise, patients underwent excision as part 
of the study. Laser ablation was discontinued given unpredictability to create a con-
sistent ablation area. Of the 15 patients undergoing RFA, all had successful com-
plete ablation except one patient who had a 1-mm focus of atypia/DCIS distant to 
the immediate ablation field. Seven patients had no residual cancer on segmental 
mastectomy after vacuum-assisted excisional biopsy, and the other eight patients 
had nonviable tumor remaining at the tumor site.

 Limitations of RFA

Due to the high variability of breast tissue density, the use of RFA has proven to be 
challenging. Oftentimes, the tissue surrounding breast masses is not homogenous 
and can cause differences in conductivity. Tissue impedance is affected leading to 
variation in treatment times to achieve total tumor ablation. This variation can lead 
to uncertainty in assessing the extent of tumor ablation [30].

The distance between the tumor, the skin, and chest wall should be at least 
1 cm as RFA can cause skin or pectoralis muscle burns. In cases with borderline 
skin and chest wall distances, caution can be taken by subcutaneously injecting 
sterile water to avoid energy transmission to adjacent structures, applying lat-
eral compression of the breast during the ablation procedure or ice cooling [29, 
36]. Patients who undergo RFA must be counseled that a postprocedure palpable 
mass may remain even if they did not present with a palpable mass [31, 34]. A 
review of RFA studies reports a histologically confirmed successful ablation in 
76–100% of studies with 1% pneumothorax, 5% skin burns, and 5% pectoralis 
muscle burns [30].
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 Percutaneous Microwave Coagulation

Percutaneous microwave coagulation (PMC) for the treatment of uterine fibroids 
and liver tumors [37, 38] led to the limited evaluation of percutaneous microwave 
coagulation (PMC) for the treatment of early breast cancers. PMC offers shorter 
ablation times, higher temperatures, and preferential heating of the cancer com-
pared to normal breast tissue given that cancer has a higher water content. In a study 
of 41 patients with invasive ductal cancer clinically estimated to measure ≤3 cm, 
95% of cases had complete coagulation on surgical pathology [39]. However, mean 
tumor volume was 5 cm3 with a range of 0.09–14.14 cm3. The mean coagulation 
time was 4.48 min. In three patients, a small epidermal burn or slight thermal injury 
to the pectoralis muscle occurred. Multi-institutional studies with long-term recur-
rence outcomes are not available.

 High-Intensity Focused Ultrasound

There is less experience with high-intensity focused ultrasound (HIFU) utilizing 
ultrasound or MRI guidance for breast cancer ablation. HIFU has also been used in 
liver, prostate, kidney, and brain cancers [40]. An ultrasound beam transmits a pres-
sure wave that produces temperature increases resulting in targeted coagulation 
necrosis and protein denaturation without harming adjacent tissue. In a meta- 
analysis of seven studies each having 6–28 patients, complete ablation was found in 
46% of patients and near complete ablation (defined as less than 10% residual 
tumor) in 30% of patients. Treatment times were long, ranging from 78 to 171 min. 
Complications included pain (40%), skin burns (4%), and residual edema at the 
cancer site (17%). Further work to improve HIFU’s ablation on histology and time 
are needed before becoming an option for routine clinical use.

 Laser Ablation

Laser ablation is performed under local anesthetic by inserting the laser needle and 
a temperature sensing probe. The laser power is increased until the temperature 
probe reaches 60 °C. In a study of 54 patients (50 invasive and 4 in situ) [41], com-
plete ablation was 70% with treatment time ranging 5–30 min with a median of 
5900 J of laser energy used for median tumor size of 13 mm. These results included 
an initial learning and implementation period. After the learning period, the last 28 
patients had 93–100% complete ablation. Continuous monitoring of the tempera-
ture was used to determine when adequate ablation was achieved as real-time imag-
ing does not show tumor ablation changes. No significant complications were noted. 
Patients reported temporary sensitivity at the ablation site.

In a smaller study of 14 patients with T1 and T2 tumors [42], laser completely 
ablated 50% of tumors determined by NAD staining. Tumors less than 2 cm had higher 
complete ablation (88%). There was one skin burn and one small pneumothorax treated 
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conservatively. Laser ablation’s limitations and results from these and other small 
studies have limited further widespread evaluation of it as an option for percutaneous 
treatment of breast cancer.

 The Role of Breast MRI in Percutaneous Ablation

In addition to mammogram and ultrasound, breast MRI has been utilized to deter-
mine patient eligibility by evaluating disease extent and the presence of multicentric 
disease and also to determine residual disease after ablation treatment [7, 19]. In a 
small study of 14 patients, Vilar et al. [43] compared tumor dimension on breast 
ultrasound with MRI before RFA and also correlated surgical pathology to a post- 
ablation MRI. Pre-RFA MRI measurements showed a statistically significant larger 
tumor volume compared to ultrasound in 80% of cases. After RFA, MRI accurately 
demonstrated no residual disease in all cases. In those cases with residual tumor 
remaining after RFA, MRI accurately measured the tumor dimensions compared to 
surgical pathology dimensions. In a similar study of 15 patients with invasive ductal 
cancer ≤15 mm [16], cryoablation was successful in 85% of the cases. MRI was 
performed with mammogram and ultrasound before ablation, and a repeat MRI was 
done 25–40 days after ablation, followed by surgical excision. MRI did not detect 
residual cancer at the ablation site in all three patients (sensitivity 0%) and had a 
specificity of 88%. The NPV was 83%.

In ACOSOG Z1072, tumor size ≤1 cm was associated with no residual MRI 
enhancement in 100% of cryoablation cases. However, for size >1 cm, 77% had 
complete ablation with no residual enhancement on MRI. MRI had a similar NPV 
of 81% for detecting residual disease after cryoablation [19]. Improvements in 
image detection of multifocal disease and extensive intraductal component are 
still needed.

 Additional Considerations

Histopathologic confirmation with receptor subtyping should be obtained by core 
needle biopsy prior to ablation. Percutaneous ablation has not been adequately stud-
ied and should be used under study in patients who received neoadjuvant chemo-
therapy as viable tumor cells may still be present beyond the tumor compromising 
the ability to obtain local control. Percutaneous ablation techniques are also contra-
indicated in patients with extensive DCIS or lobular carcinoma. Physicians per-
forming percutaneous ablation of breast cancers should have adequate experience in 
performing image-guided procedures [22, 30].

For patients undergoing percutaneous ablation for the primary tumor, axillary stag-
ing with sentinel node biopsy would still require a surgical procedure. Current research 
of nonoperatively assessing the axillary sentinel node with intradermal microbubble and 
contrast-enhanced ultrasound [44] may become an alternative for staging early breast 
cancers in patients undergoing percutaneous ablation of the primary cancer in an office 
setting. Less axillary surgery for the management of breast cancer is already becoming 
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an acceptable approach. For example, ACOSOG Z0011 demonstrated that patients with 
invasive cancer ≤5 cm and one to two metastatic nodes on SLND do not benefit from 
axillary node dissection [45]. As the role of completion axillary dissection lessens for 
the management of early breast cancer, nonsurgical techniques to stage the axilla may 
complement percutaneous ablation in patients presenting with early breast cancer.

Defining appropriate long-term breast surveillance for patients undergoing per-
cutaneous ablation is still needed but may likely include continued follow-up with 
detailed imaging as improvements in breast MRI and other newer modalities are 
made. Lastly, cost analysis to determine a potential economic benefit of percutane-
ous ablation may provide additional support for its use over surgical excision in the 
current setting of healthcare financial challenges.

 Summary

Phase I and phase II studies evaluating different percutaneous ablation techniques, 
such as ACOSOG’s multi-institutional 1071 trial, have overall reported a 70–100% 
success rate. Improvements in breast imaging are needed to better identify patients 
who may not be candidates for percutaneous ablation such as those having multi-
centric disease or extensive DCIS and for evaluating the effectiveness of an ablative 
treatment. Future studies evaluating the impact of cryoablation’s immune- enhancing 
properties on local recurrence rates may also provide support for its preferential use. 
With further refinement in patient selection and imaging evaluation, percutaneous 
ablation may prove to be an effective treatment for patients with early breast cancer 
or those who are not surgical candidates.
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7New Technology and Techniques 
in Breast Reconstruction

Christine Velázquez and Ivo Alexander Pestana

 Reconstruction Overview

The deformities commonly reconstructed include defects created by breast conser-
vation surgery (BCS), or “lumpectomy,” as well as the mastectomy defect resulting 
from the various forms of mastectomy. Regardless of the defect created, the goals 
of breast reconstruction remain consistent and include:

 1. Creation of a breast mound that minimizes the perception of the breast deformity 
while using clothing

 2. Use of techniques that do not hinder the diagnosis of new or recurrent breast 
disease

 3. Employment of interventions that maintain patient quality of life similar to that 
prior to mastectomy

Techniques employed to achieve these goals include prosthetic-based procedures 
and tissue-based procedures.
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 Implant-Based Breast Reconstruction

Dependent on the amount of remnant skin present at the completion of mastectomy, 
this technique most commonly involves at least two separate procedures. The first 
operation involves the placement of a tissue expander underneath the musculature 
of the anterior chest with or without the use of acellular dermal matrices (ADMs). 
This tissue expander is then accessed and inflated with saline or air every 1–2 weeks 
until the desired breast contour and volume is achieved. Once expansion is com-
plete, the tissue expander is replaced with a permanent breast implant.

Benefits of this technique stem from the avoidance of scars on other parts of the 
body, quick recovery period, and shorter operations due to the technical ease of 
placing breast prosthetic devices. Disadvantages of the use of implants arise from 
the implant itself with common prosthetic problems including implant infection, 
malposition, rupture, and the development of capsular contracture.

 Autologous Tissue Breast Reconstruction

Use of the patient’s own tissue remains a common form of breast reconstruction. 
Donor sites employed are locations that frequently have excess soft tissue including 
the posterior thorax, abdomen, medial thighs, and upper or lower regions of the but-
tocks. Harvesting tissue from these sites allows for incisions to be well hidden in 
natural skin creases, which are obscured by standard undergarments and clothing.

The pedicled transverse rectus abdominis myocutaneous (pTRAM) flap and the 
latissimus dorsi myocutaneous (LDMC) flap remain the most commonly employed 
techniques for the creation of a breast with autogenous soft tissue. Benefits of autol-
ogous tissue breast reconstruction are the natural-appearing results that are associ-
ated with the utilization of vascularized soft tissue. Donor site morbidity such as 
muscle weakness and donor site contour irregularities are disadvantages associated 
with autologous reconstruction. In the case of the abdominal donor site, there 
remains a risk of ventral hernia or abdominal bulge in any intervention where the 
fascial system of the abdominal wall is interrupted. Due to the frequent paucity of 
excess soft tissue in the posterior thorax, the LDMC flap is commonly combined 
with the use of a breast prosthetic device to allow for the creation of a sufficient size 
breast mound.

 Breast Reconstruction Decision-Making Process

Timing and technique are decisions made in planning breast reconstruction. Timing 
of breast reconstruction is considered “immediate” or “delayed.” Immediate breast 
reconstruction is defined as the initiation of breast mound creation during the same 
operative episode as the mastectomy. This is commonly reserved for patients with 
benign breast disease or those with early-stage breast malignancies. Delayed breast 
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reconstruction refers to breast mound creation once final pathology and adjuvant 
therapies are completed and typically occurs sometime after mastectomy.

The type and need for neoadjuvant and adjuvant therapies affect breast recon-
struction decision-making. Previous chest irradiation and/or the need for post- 
mastectomy radiotherapy (PMRT) have a profound influence on both the timing and 
the technique used for reconstruction. Radiation of soft tissues results in fibrosis, 
decreased skin elasticity, skin hyperpigmentation, and telangiectasia development 
(Fig. 7.1). Radiated soft tissues are associated with derangements of the wound 
healing process resulting in a higher incidence of poor or delayed wound healing. 
Previous chest irradiation and loss of normal skin elasticity may prevent the ability 
to undergo tissue expansion to planned breast size and contour goals. Moreover, 
placement of a prosthetic device in the face of radiated chest soft tissues may result 
in poor wound healing and predispose the patient to implant exposure, infection, or 
prosthetic loss. Fibrotic soft tissues prevent the expansion of native skin to accom-
modate transferred autologous tissue and are commonly removed to allow for the 
creation of adequate breast mound size and contour.

Radiation following breast prosthetic placement is associated with a higher 
rate of complications, particularly capsular contracture [1]. Poor cosmetic result, 
expander extrusion, and eventual implant loss are all potential further complica-
tions. Patients receiving immediate implant reconstruction and subsequent radia-
tion also have a high rate of reoperation for either correction of defects created by 
radiation or replacement of the reconstruction by an autologous flap [2]. 
Autogenous tissue utilized for breast reconstruction undergoes similar changes as 
native tissue when irradiated. Patients with radiated autologous breast reconstruc-
tions frequently require another flap to correct contour irregularities created by 
radiotherapy [3].

Fig. 7.1 Images demonstrating various forms of radiation injury affecting breast reconstruction. 
(a) Acute diffuse radiation injury characterized by erythema, edema, and desquamation of injured 
skin. (b) Fibrotic soft tissue coverage of underlying tissue expander preventing implant expansion. 
(c) Hyperpigmented and fibrotic skin with significant capsular contracture distorting the breast 
prosthesis. (d) Skin hyperpigmentation and contraction in association with poor wound healing 
and persistent wound after implant removal due to infection
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Due to the above, breast reconstruction should be delayed until after any planned 
radiation, if possible. In contrast, chemotherapy does not seem to increase the com-
plication rate of implant-based or autologous breast reconstruction and may be 
safely performed on an immediate basis in patients who require adjuvant 
chemotherapy.

In the era of patient-centered care, a shared decision-making process which takes 
patient satisfaction into account is critical to improving the quality of breast health-
care. Ultimately, patient satisfaction in breast reconstruction is tied to the symmetry 
between breasts at the completion of reconstruction and is paramount to the process 
of technique selection. Patients undergoing unilateral breast reconstruction report 
higher patient satisfaction when autologous tissue techniques are employed for the 
unilateral reconstruction; however, bilateral mastectomy patients have equal satis-
faction regardless of the technique chosen. This is due to the fact that breast sym-
metry is excellent when the same technique is used on both breasts [4].

 New Techniques

 Patient Education

Breast reconstruction options vary greatly and can be quite complex, making this a 
challenging decision for patients considering reconstruction. Preoperative patient 
education is one of the strongest predictors of patient satisfaction with breast recon-
struction outcomes, and patient dissatisfaction with breast reconstruction informa-
tion contributes to decision regret [5, 6]. Despite this understanding, approximately 
20% of breast cancer survivors report they were never told about reconstruction [7]. 
Moreover, ethnic minority women appear to be the least informed about reconstruc-
tion [8]. Historically, breast reconstruction information was only available verbally 
and was provided by the oncologic surgeon or the reconstructive surgeon. Today, 
more information sources are available to mastectomy patients and include verbal, 
written, and digital/online options. Unfortunately, some of the most commonly used 
resources regarding breast reconstruction are written at a level that is too difficult 
for the average patient to understand [9]. In order to utilize patient education as a 
means to improve overall satisfaction, it is crucial not only to verify the quality and 
accuracy of resources provided but also to ensure that information is interpreted 
properly. Other factors affecting discussions regarding breast reconstructions 
include patient fear and anxiety regarding their diagnosis and oncologic manage-
ment, cultural or language barriers, and the surgeon-patient relationship itself [5].

Currently, efforts are ongoing to maximize patient education and information 
quality by creating easy access, easy-to-use pre-consultation digital information 
regarding breast reconstruction that is then discussed and clarified during the 
meeting with the reconstructive surgeon. In order to reinforce information gained 
during the pre-consultation period and surgical consultation, opportunities for 
patients to speak to those who have completed the reconstruction process are 
becoming more common.
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 Patient Selection and Risk Management

 Weight Loss and Its Role in Breast Reconstruction
Obesity, defined as a body mass index (BMI) above 30, is a worldwide epidemic. 
Selecting obese patients appropriate for breast reconstruction poses a challenge for 
the reconstructive surgeon due to the fact that this patient population is predisposed 
to other comorbidities (diabetes, hypertension, coronary artery disease, and lymph-
edema), as well as an increased risk of postoperative complications including sero-
mas, skin and soft tissue infections, bronchopneumonia, and venous 
thromboembolism (VTE) [10]. In addition, operation-specific complications are 
more likely to occur in the obese patient. Understanding the risks associated with 
obese patients and each reconstruction option is critical to ensure a safe and appro-
priate method is chosen.

Implant-based breast reconstruction remains the most common type of breast 
reconstruction worldwide. When performed in the obese patient, there is a total 
complication rate ranging from 18 to 30%. The obese patient is twice as likely to 
suffer implant loss and seven times more likely to have reconstructive failure [11, 
12]. Although flap survival rates are similar to autologous reconstruction in the 
nonobese patient, patients with a BMI >30 are significantly more likely to experi-
ence an abdominal donor site complication, including ventral hernias [13]. 
Examination of the NSQIP registry confirms an increased risk for postoperative 
morbidity in this patient population regardless of reconstruction technique [14].

Attempts to mitigate operative risk in the obese patient have included weight loss 
prior to operative intervention; however no clear evidence exists that this actually 
reduces postoperative complications [15]. Ozturk et al. examined 182 abdominal 
free flap-based breast reconstructions and reported significantly higher flap and 
donor site complications in obese patients than those with lower BMIs. Interestingly, 
the authors did not find preoperative weight loss to significantly reduce these com-
plication rates [16]. Despite these results, obese patients should still be encouraged 
to lose weight prior to surgery due to the well-known health and psychological 
benefits of this practice and higher rates of patient satisfaction with respect to surgi-
cal outcomes [17].

 Venous Thromboembolism (VTE) Risk Assessment
Postoperative venous thromboembolism (VTE) is a serious yet preventable disorder 
with the potential to cause short-term mortality and long-term morbidity. Early 
identification of VTE is critical to its successful management; however clinical 
signs are notoriously unreliable, which may lead to a delay in diagnosis [18, 19]. 
The potential for debilitating consequences secondary to VTE has fueled efforts to 
identify patients who are at high risk of VTE development and the institution of 
prophylactic measures when appropriate. The Caprini Risk Assessment Model 
(RAM) and guidelines provided by the American College of Chest Physicians 
(ACCP) have predominantly been applied to non-plastic surgical procedures to aid 
in identification of those patients who may benefit from chemical VTE prophylaxis. 
Recently, the Venous Thromboembolism Prevention Study (VTEPS) was 
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completed in order to specifically apply the Caprini RAM as a screening tool to 
identify patients who would benefit from DVT prophylaxis after plastic and recon-
structive surgical procedures. The Caprini RAM has been validated by the American 
Society of Plastic Surgeons (ASPS) and has been shown to decrease the rate of VTE 
events without an increased risk of postoperative bleeding complications. Similar to 
its use in non-plastic surgical procedures, a numerical score is assigned to each 
patient after review of different patient and operation-specific risk factors and rec-
ommends using chemical prophylaxis for “high risk” patients who have a Caprini 
score ≥7 [20].

 Free Tissue Transfer Assessment

 Preoperative Evaluation
Perforating vessels arising from the larger named blood vessels supplying the vari-
ous breast reconstruction soft tissue donor sites have variations within an individual 
patient and among patients. Knowledge of these anatomic variations preoperatively 
aids in appropriate perforator selection and improves operative efficiency. Multiple 
diagnostic techniques including Doppler ultrasonography, computed tomography 
angiography (CTA), magnetic resonance angiography (MRA), and fluorescent angi-
ography (FA) have been utilized to facilitate preoperative perforator mapping to 
provide reconstructive surgeons with invaluable information regarding vessel ori-
gin, caliber, branching patterns, and magnitude of flow [21, 22].

Doppler/duplex ultrasonography was first used in the 1990s to assist with 
perforator- based free flaps and is a cheap, widely available imaging modality that 
does not expose patients to radioactive or nephrotoxic contrast agents [23]. Despite 
these benefits, its known disadvantages include long study times, operator depen-
dence, and the inability to reliably identify perforator caliber. Computed tomogra-
phy angiography has supplanted ultrasound as the preferred method of preoperative 
perforator identification with sensitivities and specificities approaching 100% [24] 
(Fig. 7.2). Despite the established benefits of preoperative imaging with CTA, it can 
only provide a static view of the abdominal vasculature in its preoperative state, and 
it cannot provide information about flow within the perforators. In addition, radia-
tion exposure and the potential to develop a contrast allergy may complicate the 
performance of this imaging test.

Magnetic resonance angiography has received recent attention as an option for 
perforator mapping [25]. The safer side effect profile of gadolinium and recent use 
of higher field strength scanners have improved the accuracy of MRA for perforator 
characterization [21]. With regard to perforator mapping, MRA has demonstrated 
high specificity when compared to CTA [26]. Furthermore, the image quality of 
MRA is generally considered to be inferior to that of CTA; however its muscle-to- 
vessel contrast ratio is excellent and most accurately delineates perforator intramus-
cular course. The disadvantages of MRA include its high cost, low availability, 
susceptibility to motion artifact, and limited capacity to detect perforators with a 
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diameter <0.8 mm [25]. Although gadolinium is less likely to cause an anaphylactic 
reaction, it may produce nephrogenic systemic fibrosis limiting its use to a specific 
subset of patients including those with iodine allergies and impaired renal function. 
Additionally, MRA should be avoided in patients who are morbidly obese, those 
with pacemakers, and in patients who suffer from anxiety or claustrophobia.

Indocyanine green fluorescent angiography (ICGFA) is an accepted imaging 
technique newly applied to plastic and reconstructive surgery [27, 28]. This 
imaging technique allows direct visualization of macrovascular anastomoses, 
microvascular anastomoses, and tissue perfusion. The ICG fluorescent dye emits 
energy upon excitation by a light source (laser or LED light), which is then cap-
tured and recorded by a variety of image capture devices available creating real-
time videos of blood flow and/or tissue perfusion. This unique feature allows 
images to be captured before, during, and after a flap is elevated, providing a live 
and continuous assessment of flap perfusion. Although the benefits of intraopera-
tive fluorescent angiography are established, its role in the preoperative setting is 
being evaluated. A prospective study examining ICGFA perforator mapping of 
the abdominal wall in preparation for free tissue transfer breast reconstruction 
from the abdominal donor site demonstrated that skin blushes identified by 
ICGFA do not correlate with preoperative CTA or intraoperative perforator char-
acteristics and therefore should not replace other forms of preoperative perfora-
tor mapping techniques [22].

Fig. 7.2 (a) Computed tomography angiogram (CTA) image demonstrating right hemi-abdomen 
perforating vessels from the deep inferior epigastric pedicle. (b) Intraoperatively identified perfo-
rator correlating to preoperative perforator mapping with CTA
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 Intraoperative Evaluation

Fluorescent Angiography (FA)
A growing body of literature supports intraoperative use of ICGFA. As discussed 
above, FA may be employed to confirm flow within vascular anastomoses. In addi-
tion, correlation between intraoperative FA and postoperative tissue perfusion- 
related complications has led to its frequent use in soft tissue perfusion assessment. 
Specific intraoperative uses have been described for both implant-based and autolo-
gous tissue breast reconstruction.

A common use of intraoperative ICGFA is determination of the viability of mas-
tectomy skin flaps in the setting of immediate breast reconstruction. This technique 
has demonstrated high sensitivity and specificity in predicting postoperative mas-
tectomy skin flap necrosis [29]. Similarly, Duggal et al. showed that intraoperative 
ICGFA was associated with a significant reduction in mastectomy skin flap necrosis 
and reoperation rate [30].

Perfusion assessment of breast reconstruction flap skin paddle and subcutaneous 
tissue is another common intraoperative use of ICGFA. Similar to its benefits in 
predicting skin loss for mastectomy flaps, ICGFA has been demonstrated to aid in 
intraoperative identification of poorly perfused portions of a flap, guiding soft tissue 
resection to minimize postoperative tissue loss [22].

 Postoperative Evaluation

Implantable Doppler Monitoring
Loss of free tissue transplanted for breast reconstruction is a devastating complica-
tion. Intraoperative efforts to ensure flap survival are paramount and monitoring of 
these fragile procedures postoperatively is of equal importance. The goal of postop-
erative free flap monitoring is to maximize the potential for tissue salvage by focus-
ing on early detection of microvascular complications before permanent flap injury 
occurs [31]. Although physical exam remains the gold standard for monitoring flap 
viability, early changes in a compromised flap can often be subtle. The use of 
adjunct technology can supplement clinical acumen and improve the accuracy and 
objectivity of flap monitoring.

The Cook-Swartz implantable Doppler system was first described by Swartz 
et al. in 1988 and pioneered real-time monitoring of blood flow through a vessel 
[32]. Continuous assessment of the microvascular anastomosis allows for early rec-
ognition of pedicle compromise. The Doppler consists of a 20 MHz ultrasonic 
Doppler crystal, a silicone cuff, and an external monitoring device. Intraoperatively, 
the probes may be placed on the vein, artery, or both. Direct pedicle monitoring is 
unique to this technique as other monitoring devices predominantly gauge flap via-
bility through measurement of perfusion, oxygenation, or ischemia within the flap 
itself. Additionally, its invasive nature allows for the monitoring of buried flaps 
which are unexaminable from the body’s surface. The success of this monitoring 
technique is measured by its ability to improve flap salvage/survival and decrease 
the rate of false-positive events, defined as a loss of signal without a true blood flow 
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disruption [33]. Kind et al. evaluated a series of 147 free flaps monitored by 
implanted Doppler probe and reported a 100% rate of flap salvage with a 3.4% rate 
of false-positive events [34]. In addition, a meta-analysis of 547 patients demon-
strated the Doppler probe to be a safe and effective monitoring technique after free 
flap reconstruction with a strong trend toward improved salvaged rates without 
increasing the rate of unnecessary reoperations [33]. The Flow Coupler is an 
advancement in the implantable Doppler probe concept as it represents a fusion 
between the venous coupler and a 20 MHz micro-Doppler probe and allows the 
surgeon to complete the microvascular anastomosis while simultaneously monitor-
ing vascular patency [35, 36].

Several studies have demonstrated the implantable Doppler can be used as a 
trusted adjunct to clinical exam for close monitoring of blood flow after free flap 
reconstruction; however device implantation through placement of the cuff around 
the vein can be technically challenging and increase operative times [35]. Although 
published data regarding Flow Coupler is limited, its use can reliably identify a 
potential vascular crisis without requiring a separate procedure to apply the 
device.

Tissue Oximetry
Survival of microsurgical tissue transplants depends on tissue perfusion and oxy-
genation. Successful reperfusion of compromised flaps depends on early detection 
with quick reestablishment of blood flow. Flap salvage rates have an inverse rela-
tionship to the time interval marking the onset of ischemia and its clinical recogni-
tion. Tissue oximetry measurement using near-infrared spectroscopy is a noninvasive 
method of tissue monitoring and provides continuous, real-time numeric data in 
comparison to the qualitative information provided by the implantable Doppler 
[37]. The scattering and absorption of wavelengths of near-infrared light is mea-
sured by near-infrared spectroscopy and is related to the oxygen content of hemo-
globin within the tissues being monitored. A surface probe is placed on the flap 
which allows measuring of the oxygen saturation within the cutaneous layer of the 
flap. The hemoglobin concentration of a flap is relatively constant; therefore changes 
in flap perfusion can be quickly detected prior to the development of obvious clini-
cal signs [38]. Lin et al. support the routine use of tissue oximetry monitoring in 
postoperative patients, showing a significant decrease in the number of flaps requir-
ing reoperation [39].

 Mastectomy Modifications

Dramatic advancements have been made in the surgical management of breast 
malignancies since the introduction of the radical mastectomy by Halsted [40]. 
Radical mastectomy includes en bloc resection of the breast gland and skin, pecto-
ralis muscles, and axillary lymph nodes in order to achieve local disease control. 
This approach successfully ensured patient survival but was associated with signifi-
cant postoperative morbidity. Halsted’s principles and radical mastectomy mark an 
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important milestone in the history of breast cancer surgery and remained the stan-
dard surgical treatment for almost a century.

Over the last 50 years, the results of clinical trials as well as advancements in 
mammography and neoadjuvant therapies have helped revolutionize the surgical 
approach to breast cancer. Less aggressive versions of the radical mastectomy began 
to emerge starting with the modified radical mastectomy (MRM), also known as the 
non-skin-sparing mastectomy (NSSM) [41]. In contradistinction to the radical mas-
tectomy, MRM removes all breast tissue and level I/II axillary lymph nodes while 
sparing the pectoralis musculature. By the early 1980s, it was established that BCS, 
consisting of wide local excision (lumpectomy) and subsequent radiation, has an 
equivalent survival rate when compared to mastectomy [42]. This observation, in 
addition to significantly decreased morbidity and improved cosmetic outcomes 
associated with BCS, secured its position as the treatment of choice for most low- 
grade invasive breast cancers for the past 20 years [43].

Despite the benefits of BCS, mastectomy rates in the early-stage breast malig-
nancy population continue to rise [44]. The reason for this is likely multifactorial 
and includes the anxiety provoked by the need for prolonged surveillance, the per-
ceived danger associated with a more conservative surgical approach, and prophy-
laxis required for patient populations at high risk for breast cancer development. In 
addition, surgical techniques have developed over the years, arming plastic and 
reconstructive surgeons with the ability to offer a variety of reconstructive options 
with excellent aesthetic results.

 Skin-Sparing Mastectomy
The skin-sparing mastectomy (SSM) was developed in the early 1990s by Toth and 
Lappert and involves removal of the breast gland and nipple-areolar complex (NAC) 
while preserving the overlying skin envelope and inframammary fold (IMF) [45, 
46]. Maintenance of these critical landmarks allows the breast to assume a more 
natural shape and contour and facilitates the process of immediate breast recon-
struction with any technique [47]. Incision patterns employed in SSM are limited to 
the immediate periareolar skin and are easily concealed with completion of nipple 
reconstruction or areolar tattoo.

The goal of the breast surgeon in SSM is to secure negative margins and to pro-
vide optimal cosmetic results. The balance between the two depends on mastectomy 
skin flap thickness, which is recommended to be approximately 10 mm. The surgi-
cal literature has confirmed the oncologic safety of SSM, finding no significant 
difference in local recurrence or disease-free survival when compared to traditional 
mastectomy. The combination of SSM and immediate breast reconstruction is also 
safe in patients with advanced Stage IIB and III breast cancer [47].

 Nipple-Sparing Mastectomy
First reported by Hinton in the 1980s, the nipple-sparing mastectomy (NSM) is 
more frequently used today and differs from the SSM by sparing the nipple-areolar 
complex (NAC). The NAC is a unique visual detail of a breast, and its preservation 
has proven to be a safe surgical option in a select group of patients, providing 
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superior aesthetic outcomes and improved patient psychological well-being [48]. A 
recent systematic review highlights several factors that facilitate the process of 
appropriate patient selection to minimize breast cancer recurrence rates. These cri-
teria include peripherally located tumors <5 cm in diameter, tumors located >2 cm 
from the NAC, lack of HER2 overexpression, and positive ER/PR status [49].

Common problems specific to NSM include nipple ischemia, partial or complete 
NAC loss, and nipple malposition (Fig. 7.3). Data regarding risk factors contribut-
ing to NSM complications are limited, conflicting, and variable, leading to a lack of 
consensus with respect to optimal surgical techniques. In light of this, Donovan 
et al. evaluated the effects of NSM incision location on rates of NAC ischemia, 
wound infection, and implant loss. There was an increased rate of NAC necrosis 
with use of periareolar incisions, while inframammary incisions had fewer ischemia- 
related compilations [50]. A retrospective review of 340 NSMs by a single surgeon 
over a 5-year period was completed to define specific and critical steps that should 
be utilized during NSM to reduce the risk of nipple necrosis and optimize cosmetic 
outcomes. The overall rate of nipple necrosis was reported to be 2.6%, with com-
plete necrosis occurring in three cases (0.8%) and partial loss affecting six patients 
(1.8%) [51]. The authors recommend:

 1. Preservation of major perforating vessels supplying the breast skin, specifically 
the second intercostal perforator off the internal mammary artery, which feeds 
the smaller vessels surrounding the nipple periphery.

 2. Careful elevation of skin flaps in the plane between subcutaneous fat and breast 
glandular tissue, while keeping in mind that the thickness of the fat and of the 
skin flap changes with a tendency to become thicker as dissection proceeds away 
from the NAC. This subtle detail requires close attention to ensure dissection 
continues in the appropriate plane. Accidental deviation can lead to inadvertent 
thinning of the flap and ultimate vascular compromise.

Fig. 7.3 Complications associated with nipple-sparing mastectomy (NSM). (a) Nipple ischemia 
demonstrated by inferior nipple mottling and desquamation. (b) Complete nipple and mastectomy 
skin flap necrosis. (c) Nipple areolar complex malposition
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 3. Ensure proper incision placement. Three categories of incisions were described: 
radial (lateral and vertical), periareolar (medial or lateral extensions), and crease. 
Magnetic resonance imaging showed a significant reduction in perfusion inferior 
to the NAC, which may be the reason inframammary incisions have lower rates 
of nipple necrosis [51].

 Breast Implant Technology

Two-stage implant-based breast reconstruction remains the most commonly per-
formed type of breast reconstruction after mastectomy, as it does not significantly 
increase operative time or length of hospital stay, is a technically straightforward 
procedure performed through the mastectomy incision or scar, and may be per-
formed in the outpatient setting (Fig. 7.4).

Fig. 7.4 Two-stage implant-based breast reconstruction. (a) 36-year-old female with left invasive 
ductal carcinoma managed with bilateral mastectomy and immediate submuscular tissue expander 
placement. (b) Fully inflated submuscular tissue expanders in preparation for exchange for final 
breast implants. (c) Patient at the completion of breast reconstruction with 500 cc smooth round 
moderate profile plus silicone gel breast implants, nipple reconstruction, and areolar tattoo
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 Tissue Expander Advances
The earliest of tissue expanders were designed by Dr. Chedomir Radovan and 
 consisted of a silicone prosthesis with remotely placed valves/ports allowing for 
fluid injection in one port and its removal from the other [52]. Since then, breast 
tissue expanders have improved and have superior silicone shells and integrated 
filling ports. This type of expander is associated with lower infection rates and com-
plications caused by using a remote valve/port such as valve flipping, tube kinking, 
and pain associated with repeated needle sticks for port access.

More recent technological advances in breast tissue expanders include changes 
in expander shape and the development of self-filling expanders. The round shape 
of initial expanders has been modified to a more anatomic or “tear-drop” shape, 
which allows for a more natural breast appearance as well as accommodation of 
shaped devices at the second stage. The geometry of this device allows for differen-
tial expansion and maximization of the lower pole of the breast. These expanders 
have produced lower complication rates with reported capsular contracture rate of 
3%, infection rate of 1.2%, and no valve dysfunction [53]. Self-filling tissue expand-
ers were introduced due to the theoretical benefit of fewer office visits for expan-
sion, decreased number of needle sticks for implant access, and the potential for 
patient-controlled inflation of prostheses. They contain either an osmotic agent or 
gas to allow for progressive tissue expansion.

First-generation osmotic expanders were devised by Austed and Rose [54]. 
Rapid expansion of these expanders, which did not have an envelope, resulted in 
soft tissue ischemia at times. Modifications of early osmotic expanders, including 
integration of a silicone membrane, allow for safer, slower expansion speed. Vinyl 
pyrrolidone, an osmotic hydrogel, is the agent utilized within this type of expander 
producing migration of water through the silicone membrane of the device resulting 
in progressive expansion. This is in contrast to the self-inflating expander which use 
gas (CO2) for filling. This expander type includes a small cylinder which releases 
small amounts of gas into the expander allowing for progressive expansion. Gas- 
based self-filling expanders were introduced by Connell and have shown 100% 
expansion success rate with minor adverse events [55, 56].

 Prosthesis Location Modifications
Recreation of the inframammary fold and maintenance of natural breast ptosis is the 
ultimate goal of breast reconstruction thus making expander shape and implant 
location of critical importance. Originally, breast tissue expanders were placed in 
the subcutaneous plane. This evolved to the preference of the subpectoral plane due 
to lower rates of capsular contracture which produced the firm, round, and unnatural 
appearance associated with subcutaneous placement. Subsequently, the partial sub-
muscular plane was popularized due to the ability to place the prostheses lower on 
the chest wall augmenting lower pole expansion of the breast and accentuating the 
inframammary fold resulting in improved breast cosmesis. Currently, the inferolat-
eral portions of the breast prosthesis are covered by the lateral inferior chest muscu-
lature (serratus anterior) or a form of dermal graft (see below).

7 New Technology and Techniques in Breast Reconstruction



98

 Final Breast Implant Advances
The evolution of the contemporary breast prosthesis began with the “first- generation” 
silicone gel implant introduced by Cronin in 1962 and the first saline-filled breast 
implant by Arion in 1965. Since that time, both silicone gel and saline-filled implants 
have undergone several technical alterations and improvements to maximize safety 
and aesthetic results [57]. Saline implants are available as deflated devices which are 
to be filled with normal saline at the time of implantation. This allows for placement 
through a small incision as well as subtle size adjustments to be made at the time of 
surgery. These implants tend to be less popular than their silicone counterpart due to 
a less natural consistency similar to that of water compared to the more viscous natu-
ral breast tissue. In addition, overfilling may lead to a spherical shape and scalloping 
along the edge of the implant causing a firmer feel upon palpation.

Several versions of silicone gel implants have been developed since their 
introduction and differ with respect to the characteristics of the silicone gel filler, 
characteristics of the silicone shell surrounding the filler, and implant shape. 
Silicone is a mixture of polymeric molecules which can exhibit different physi-
cal properties depending on polymer chain length and degree of cross-linking 
between polymer chains [58]. There are two basic categories of silicone options 
available for use in breast implants, and they are termed “fluid form” and “form 
stable.” The “fluid- form” liquid silicones are short polymers with very little 
cross-linking and have the consistency of oil [59]. They are usually used as sur-
gical lubricants and are not cohesive enough to hold a given anatomic shape. 
When enough cross-linking is achieved, a more viscous “form-stable” silicone 
gel is created which allows the implant to maintain its dimensions and hold a 
given shape, affording the surgeon more control over the device. Technology 
exists to measure the cohesivity of silicone gel implants allowing measurement 
of implant stiffness. Form stability correlates with lower rates of capsular con-
tracture, implant rupture, rippling, and improved patient satisfaction compared 
to low-cohesive fillings [60].

Extensive chemical cross-linking of the silicone gel polymers will create a solid 
form of silicone called an elastomer shell. Implant shell modifications, including 
barrier layers, have been introduced to protect the silicone gel filler. Shell character-
istics, such as shell thickness, are important to consider as they contribute to the 
stability of implant shape. The maintenance of gel distribution within the implant 
shell helps to preserve this stability. The cohesivity of the gel and gel-shell fill ratio 
improves shape maintenance and varies among implant shapes. In addition to shell 
thickness, surface characteristics of the shell have undergone modifications with the 
ultimate goal of creating a surface texture that can minimize implant capsule forma-
tion [61]. The evolution of textured implants stemmed from the introduction of 
polyurethane-coated implants. These were foam-coated implants which were even-
tually dismissed due to concerns about possible carcinogenic conversion after 
chemical degradation of the foams. In the 1980s, a shift from foam-coated shells to 
textured silicone shells was made. Studies have shown that the pore size is critical 
to allow for tissue adherence leading to the adhesive effect of implant texturing and 
implant stabilization.
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Round-shaped implants have been available for breast reconstruction since the 
1980s and are described as having a “disk-like” shape. Several years later, anatomic 
or “tear-drop”-shaped implants were popularized outside of the United States and 
were subsequently approved by the FDA for use in the United States in 2013 [62]. 
Anatomic implants were developed to optimize the natural look of the reconstructed 
breast through implementation of a lower point of maximal projection resulting in a 
more prominent lower breast contour. They provide greater versatility and control 
of breast shape, which leads to a more “natural” aesthetic result. Although the ana-
tomic, form-stable, silicone gel implants are gaining popularity, gel fracture and 
implant rotation are known risks associated with their use.

The “first-generation” prosthesis was anatomically shaped (“tear-drop”), filled 
with a viscous silicone gel, and covered with a smooth, thick outer silicone elastomer 
shell. In addition, they had Dacron fixation patches on their posterior aspect to main-
tain the proper position of the implant on the chest wall. The shell kept the liquid 
filler in one place creating a natural breast-like shape. Unfortunately, these devices 
had a high rate of capsular contracture due to the quality of the shells and the lack of 
cohesivity of the gel. Second-generation silicone gel implants were introduced about 
a decade later in attempts to address these complications. They were round in shape, 
had a thinner shell without Dacron patches, and were filled with a less viscous sili-
cone gel. While these looked and felt more natural, the combination of the lower 
viscosity gel filler and permeable shell made them more likely to rupture and leak 
resulting in “gel bleed”. The third-generation implants were developed in the 1980s 
to reduce the rate of implant rupture with subsequent gel migration by using a stron-
ger multilayer silicone elastomer shell. Despite attempts to improve implant design, 
a moratorium on the use of third-generation silicone gel breast implants was issued 
by the FDA in 1992 in response to concern about the possible association between 
“gel bleed” and the development of connective tissue disorders. Subsequent studies 
and literature reviews failed to show this relationship, and restrictions on their use 
were lifted in 2006. The most recently designed silicone- filled breast implants are 
manufactured using the highest standards, concentrating on optimal shell thickness 
and gel cohesiveness to create a more natural feeling breast with reduced rates of 
complications [57]. Currently, fourth- and fifth- generation silicone implants are uti-
lized. Fifth-generation implants have a more cohesive “form-stable” silicone gel and 
a textured surface and were manufactured with improved quality control allowing 
for several surface textures and implant shapes. Although they have been shown to 
be safe, a possible association between their use and anaplastic large-cell lymphoma 
(ALCL) was reported by the FDA in 2011. Although extremely rare, this finding 
must be reported to anyone considering having silicone breast implants.

 Single-Stage Implant-Based Breast Reconstruction

Recently, single-stage implant-based breast reconstruction has been popularized 
[63]. This technique involves the insertion of the final breast implant at the time 
of the initial procedure (Fig. 7.5). The ability to perform single-stage 
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implant-based breast reconstruction depends on multiple factors. The amount 
and quality of the remaining mastectomy skin plays a large role in the ability to 
perform this operation safely in a single stage. To this end, the reconstructive 
surgeon must understand what surgical options the oncologic surgeon is willing 
to offer to each patient, as skin-sparing mastectomy, nipple-sparing mastectomy, 
and other advanced mastectomy techniques are not available at all institutions 
nor are they applicable to every individual. Likewise, the plan for adjuvant thera-
pies, specifically any indications for PMRT, must be evaluated by the reconstruc-
tive surgeon due to the fact that radiotherapy significantly increases the risk of 
complications associated with prosthetic- based reconstruction. The immediate 
direct-to-implant reconstruction has been shown to reduce operating room time, 
cost, and potential added morbidity associated with a two-step expander/implant 
reconstruction and is ideal for certain patient populations allowing quicker return 
to normal daily activities [64].

Fig. 7.5 Single-stage implant-based breast reconstruction. (a) 48-year-old female with left inva-
sive ductal carcinoma managed with left skin sparing mastectomy, right prophylactic nipple- 
sparing mastectomy, and immediate bilateral submuscular 350 cc smooth round moderate profile 
plus silicone gel breast implants. (b) Postoperative appearance after single-stage implant-based 
breast reconstruction. (c) Patient at the completion of breast reconstruction with liposculpting 
(16 cc) of the right upper inner breast pole and left nipple reconstruction with C-V flaps and areolar 
tattoo
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 Dermal Graft Utilization

The use of autologous dermal grafts in reconstructive surgery is not a new technique 
but one that has been recently applied in breast surgery. Implant-based breast recon-
struction techniques have evolved from total submuscular coverage of the breast 
implant to a dual plane technique which leaves the lower third of the prosthesis/
expander in a more superficial plane and only covered by mastectomy flaps. The use 
of autologous dermis or allogeneic acellular dermal matrices have been described to 
act as a “hammock” between the inferior border of the pectoralis major and infra-
mammary fold. The benefits of autologous dermal tissue stem from the fact that it 
is not a foreign material, it is cheap, and it is readily available from common donor 
sites such as the abdomen.

The use of nonantigenic cadaveric human dermis or acellular dermal matrices 
(ADMs) to cover the lower pole of the implant expander was introduced in 2005 and 
has gained popularity due to an acceptable safety profile and improved breast aes-
thetics [65]. ADMs have provided a surgical option to address the previously 
reported challenges with two-staged breast reconstruction, including lack of total 
expander muscular coverage, low initial fill volumes, numerous outpatient visits, 
and poor inframammary fold definition, in addition to being available “off the shelf” 
obviating the need for a separate donor site. ADMs are soft tissue matrix grafts that 
are created by decellularization, leaving the extracellular matrix intact to function as 
a scaffold for cellular ingrowth and revascularization (Fig. 7.6). The tensile strength 
and low elasticity of acellular dermis allow tension to be applied preferentially to 
the graft during expansion instead of direct transmission to mastectomy flaps. The 
purpose of using ADMs in expander/implant reconstruction is to improve upon and 
maintain the goals of breast reconstruction including maintenance of inframam-
mary fold and creation of breast ptosis. Inferior implant coverage with ADMs has 
the advantage of adding soft tissue thickness overlying the prosthesis reducing 
implant visibility, palpability, and increased initial fill volumes, therefore decreas-
ing expansion duration. The use of ADMs may reduce the incidence of capsular 
contracture [66, 67].

Fig. 7.6 Incorporated 
acellular dermal matrix 
interface with pectorals 
major musculature. Note 
the small blood vessels 
located on the superficial 
surface of the integrated 
ADM
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 Tissue Techniques

 Oncoplastic Breast Surgery

Twenty to 30% of women who undergo BCS for breast cancer management will 
develop a breast contour irregularity that may require surgical correction. 
Oncoplastic breast surgery techniques were developed to address common deformi-
ties associated with BCS including segmental volume loss, nipple displacement, 
and breast asymmetry. In 1998, Dr. Werner Audretsch first coined the term 
“Oncoplastic Surgery” to describe a new surgical mindset in which the breast sur-
geon approaches the cancer patient with aesthetic principles guiding the surgical 
approach to the breast. Today, oncoplastic breast surgery is employed more fre-
quently and combines the principles of oncologic and reconstructive surgery allow-
ing partial breast reconstruction at the time of tumor resection and prior to breast 
irradiation, minimizing the potential for a BCS deformity. This type of surgery is 
most useful in candidates for lumpectomy who have large or ptotic breasts (Fig. 7.7).

Fig. 7.7 (a) 50-year-old female with left invasive ductal carcinoma and bilateral symptomatic breast 
hypertrophy; note left breast upper inner pole healed breast biopsy site. (b) Patient with symmetrical 
and improved breast appearance after oncoplastic breast reduction. The nipple was transferred using 
the inferior pedicle located remotely from the upper inner quadrant malignancy extirpation zone
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Oncoplastic breast interventions include a variety of accepted plastic surgical 
techniques which may be generally categorized into local tissue rearrangements, 
breast reduction/mastopexy techniques, and regional flaps. Local tissue rearrange-
ment or breast remodeling techniques are frequently completed through circum-
areolar incisions providing surgical access to all regions of the underlying breast 
parenchyma. Once the tumor is resected, the surrounding soft tissues are plicated 
and the breast skin envelope is re-draped over the repaired breast mound. Breast 
reduction techniques utilize various designs of the dermoglandular vascular pedicle 
for nipple transposition as well as for tissue movement to fill in soft tissue defects 
created from lumpectomy. Finally, time-honored regional pedicled flaps such as the 
latissimus dorsi myocutaneous (LDMC) flap can be used when there is insufficient 
local breast tissue to reconstruct soft tissue deficits created by lumpectomy. 
Modification of the LDMC flap has been described such as partial LDMC flap, in 
which approximately half to one-third of the latissimus muscle is harvested along 
with overlying skin and subcutis and based on the distal branching pattern of the 
thoracodorsal pedicle. The thoracodorsal artery perforator (TDAP) flap is a further 
modification of this procedure to achieve similar volume-replacement goals. The 
TDAP flap is based on anatomic knowledge of the thoracodorsal artery perforosome 
and employment of microvascular techniques to dissect the thoracodorsal perfora-
tors from the surrounding latissimus musculature to the source thoracodorsal pedi-
cle. The perforator flap provides similar adipocutaneous tissues as the 
muscle-containing flaps for breast volume replacement, and maintenance of the 
entire latissimus muscle with its motor innervation can help minimize upper extrem-
ity morbidity postoperatively.

 Advances in Flap-Based Breast Reconstruction

The evolution of autogenous breast reconstruction is ongoing. Hartrampf and 
Dinner are considered the American forefathers of autologous breast reconstruction 
with the popularization of the pedicle transverse rectus abdominis myocutaneous 
(pTRAM) flap in the early 1980s [68]. Progress in angiosome and perforosome 
anatomic knowledge through preoperative imaging in conjunction with refinements 
in surgical technique have driven the ability of microvascular surgery to provide a 
variety of options for autologous breast reconstruction.

The TRAM flap can be transferred as either a pedicled flap, which is based on the 
superior epigastric system, or as a free flap, based on the deep inferior epigastric 
system. Still commonly used today, the pTRAM does not require microsurgery as 
the flap remains attached to the donor site using the rectus muscle as a vascular 
conduit to the recipient site. In contrast, the free TRAM (fTRAM) flap is completely 
detached from the abdomen and transferred to the mastectomy defect, requiring a 
microvascular anastomosis between the donor abdominal blood vessels and the 
recipient chest vascularity. Common recipient vessels utilized include the internal 
mammary or thoracodorsal vessels and, less frequently, the thoracoacromial and 
intercostal vessels.
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The fTRAM is more technically challenging than its pedicled counterpart; 
 however, for those experienced in microsurgery, the flap loss rate can be as low as 
2% [69]. Free tissue transfer offers more predictable soft tissue perfusion with the 
ability to harvest smaller portions of muscle, translating to a decrease in abdominal 
donor site morbidity. The increasing interest to maximize muscle preservation led 
to the development of several “muscle-sparing” techniques, which differ with 
respect to the amount of rectus abdominis that is preserved [70]. Free tissue trans-
ferred from the abdominal donor site may be classified based upon the branching 
patterns of the deep inferior epigastric pedicle within the rectus abdominis, which is 
generally divided into three longitudinal segments – medial, lateral, and central. 
The MS-0 flap refers to the conventional fTRAM and involves harvesting the entire 
width of muscle. The MS-1 flap spares the medial or lateral segment of muscle, and 
the MS-2 flap includes only the portion of muscle lying between the medial and 
lateral row perforators. The MS-3, or deep inferior epigastric perforator (DIEP) 
flap, contains absolutely no muscle [70]. Nahabedian et al. compared the MS-2 and 
MS-3 (DIEP) fTRAMs and showed improved abdominal contour and strength with 
the DIEP flap [71, 72]. Additionally, the incidence of abdominal bulge was signifi-
cantly lower after bilateral reconstruction with DIEP flaps (4.5%) when compared 
to the MS-2 flaps (21%). Studies continue to report favorable outcomes with 
muscle- sparing versions of abdominal free flaps, which has popularized the use of 
perforator-based free flaps in breast reconstruction [71, 72].

In certain cases, the abdominal adipocutaneous tissues may be predominantly 
supplied by the superficial inferior epigastric artery and vein (SIEAV) allowing har-
vest of the SIEAV flap. Benefits associated with the use of the SIEAV flap include 
less tedious operative dissection, and the abdominal wall does not require interrup-
tion. Although it is technically easier to harvest compared to DIEP or MS-TRAM, 
SIEAV flaps are associated with small caliber vessels for microvascular anastomo-
sis, limited cutaneous territory perfused by this pedicle, increased rates of fat necro-
sis, and a higher rate of “redo” microvascular anastomoses.

Several studies have compared the MS-TRAM, SIEAV, and DIEP flaps in 
attempts to better understand the risks and benefits associated with each technique. 
Patient selection, anatomic considerations, harvesting techniques, and clinical out-
comes should guide the ultimate decision on which method is best for the patient. 
Wu et al. compared donor site morbidity among the three using a patient question-
naire. The SIEAV flap received the highest scores with respect to improved postop-
erative lifting and shorter duration of abdominal pain. There was a significant 
increase in the ability to get out of bed following bilateral SIEAV flaps. The same 
group also investigated the incidence of total or partial flap loss and frequency of fat 
necrosis between the MS-TRAM, DIEP, and SIEAV flaps [73]. When techniques 
were compared, a marginal difference in flap loss was identified between tech-
niques; however the MS-TRAM was noted to have a higher rate of abdominal wall 
hernias and a lower rate of fat necrosis when compared to the DIEP flap [73].

Breast volume replacement is usually achieved through abdominal-based free 
tissue transfer, exemplified by the TRAM, DIEP, and SIEAV flaps described above. 
However, a surgeon may consider an alternative donor site when the abdomen is not 
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a suitable option, such as when a significant volume of soft tissue is required to 
recreate breasts or the presence of midline scars, which limit the ability to include 
contralateral zones. When the abdomen is not used as a donor site, the gluteal or 
thigh region can be considered. In comparison to the abdomen, these sites have 
smaller amounts of adipose tissue available for reconstruction making them ideal to 
use in patients who have small- to moderate-sized breasts.

The buttocks are usually a suitable alternative for reconstruction given that most 
women have sufficient gluteal adiposity available. Its location has the added benefit 
of minimal donor site morbidity and the ability to easily hide scars. This flap is 
known for being extremely durable and is recommended to women who lack suffi-
cient abdominal soft tissue; however it is firmer than abdominal-based flaps due to 
the intrinsic quality of gluteal adipose tissue [74]. The superior gluteal artery perfo-
rator (SGAP) lies in the upper buttock above the piriformis muscle whereas the 
inferior gluteal artery perforator (IGAP) lies in the lower buttock, and both are com-
monly harvested without muscle. Both can pose a challenge technically due to short 
vascular pedicles and small arterial caliber.

The medial and posterior thigh regions have shown success as donor sites in the 
setting of microvascular breast reconstruction with benefits including the use of an 
expendable muscle and a well-hidden donor site. The transverse upper gracilis 
(TUG) flap is a medially based thigh flap and is ideal for reconstruction of small- to 
medium-sized breasts, given the limited volume of tissue in the area. It is based on 
the medial femoral circumflex branch of the profunda femoris artery. The medial 
thigh can be an advantageous donor site for patients with excess skin and fat 
(Fig. 7.8). In a report of 111 patients undergoing the TUG flap for breast reconstruc-
tion, Scholler et al. reported the ability to obtain a mean of 330 cc of adipose for 
breast volume replacement; however limitations of its use stem from concerns about 
short pedicle length and inadequate vessel caliber, similar to the gluteal flaps [75].

The profunda artery perforator (PAP) flap is based off the profunda femoris 
artery and vein and has several associated perforators within the posterior compart-
ment of the thigh. It was first described by Hurwitz in 1980 and, after several modi-
fications, eventually used as a form of breast reconstruction in 2010 [76]. Studies 
show the ability to consistently find a dominant perforator with sufficient length 
through use of preoperative imaging. Relative disadvantages of the PAP flap are due 
to size of the flap and inconvenience of donor site location, which may cause widen-
ing of the surgical scar and contour deformities of the lower buttock [76].

 Flap Innervation
The sensory nerves supplying the breast are transected during mastectomy resulting 
in a reconstructed breast that is less sensitive than its native counterpart. Early pri-
orities of breast surgery primarily focused on providing a safe oncologic surgery 
with acceptable cosmetic results. However, as surgical techniques continue to 
improve outcomes, patient demands and expectations continue to rise. It is clear that 
preservation of sensation to the new breast is becoming an increasingly important 
measure of patient quality of life and serves as the impetus behind recent investiga-
tions and efforts to neurotize flaps.
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Studies have documented the spontaneous return of sensation after reconstruc-
tion; however the timing and amount of recovery are highly variable and difficult to 
predict. In addition, the significant increase in operative time required to success-
fully achieve nerve transfer has been regarded as risky and inefficient. In general, 
nerve preservation and restoration are not routinely performed during breast 
reconstruction.

A pilot study done in 2013 by Margarakis et al. looked at the impact of different 
types of breast reconstruction (DIEP versus implants) and radiation therapy on the 

Fig. 7.8 (a) Female patient with a history of right breast cancer managed with bilateral mastec-
tomy and autologous reconstruction from the abdominal donor site. The patient required postop-
erative radiotherapy of the right breast resulting in a contracted right breast reconstruction and 
patient dissatisfaction with the reconstruction result. Since the abdominal donor site had been 
previously utilized, the patient underwent transverse upper gracilis (TUG) free tissue transfer revi-
sion of her right breast reconstruction. (b) Preoperative markings for right TUG flap. (c). 
Intraoperative image of dissected flap. AL adductor longus, G gracilis, ON obturator nerve, MFCAV 
medial femoral circumflex artery and vein. (d) Postoperative outcome after free tissue transfer 
revision of autologous reconstruction and bilateral nipple and areolar revision with tattoo
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return of sensation. Their study concluded that, without irradiation, skin over an 
implant had better sensation; however, skin overlying a DIEP flap with irradiation 
recovered better than skin over implants [77].

Traditional attempts of neurotization during abdominal free tissue transfer used 
the lateral cutaneous branch of the fourth intercostal nerve, which is inconveniently 
located in a separate microsurgical field. Spiegal et al. proposed a new, more effi-
cient method of neurotization during DIEP flaps using the anterior branch of the 
third intercostal nerve, which can reliably be found at the junction of the inferior 
portion of the third rib and sternum. It is located within the same microsurgical 
field during dissection of the internal mammary vessel and can easily be incorpo-
rated into the flap inset. Flap neurotization results in recovery of breast sensibility 
that is statistically better when compared to flaps without nerve coaptation as well 
as when compared to the mastectomy skin surrounding the flap [78]. This method 
may provide an experienced microsurgeon with a means to perform neurotization 
and contribute to patient satisfaction without significantly affecting time in the 
operating room.

 Stacked Flaps
In some cases of breast reconstruction, a single-pedicle flap will not provide suf-
ficient tissue required for adequate breast volume replacement [79]. A recently 
popularized technique for resolution of this problem is the use of “stacked” flaps 
consisting of multiple flap free tissue transfer configurations. Soft tissue flaps from 
well-accepted donor sites are raised on their individual vascular pedicles, and sub-
sequently these pedicles are anastomosed producing blood flow through both flaps 
[80]. The flaps are then organized into a layered or folded configuration producing 
a more voluminous breast mound composed of multiple “stacked” flaps. These 
flaps are especially helpful in thin patients and those with abdominal scars. Several 
classification systems for pedicle arrangements have been developed and describe 
the different options for crossover anastomoses. When stacked DIEP flaps are not 
possible, the buttock and thigh flaps have been used as alternatives. Murray et al. 
used preoperative perforator mapping and created a classification system based on 
their experience with the technique. Although more technically demanding than 
the standard approach, stacked flaps can have good outcomes with proper preop-
erative planning with imaging, as well as knowledge about the vascular options 
available [81].

 Fat Grafting
Fat grafting or “liposculpting” in breast reconstruction provides a versatile tool to 
further improve the shape, contour, and natural feel of a reconstructed breast. While 
fat grafting is becoming increasingly more popular, its use in breast reconstruction 
was initially discouraged due to concerns regarding the unknown risk of carcino-
genesis and radiologic changes after the procedure. Since then, research has consis-
tently demonstrated that fat grafting is not only safe but very durable. Furthermore, 
use of fat grafting in breast reconstruction has shown no long-term risk of cancer 
recurrence [82]. Although fat grafting has been demonstrated to be safe from an 
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oncologic standpoint, minor abnormalities may be seen on breast imaging after 
breast reconstruction and fat grafting. These findings are commonly benign in 
nature and usually do not require further evaluation with biopsy [83]. A retrospec-
tive study by Kaoutzanis et al. found that only 2.4% of patients who underwent 
breast imaging after fat grafting required biopsy for suspicious findings [84]. The 
increasing body of evidence demonstrating the benefits of combining fat grafting 
and breast reconstruction led to the acceptance of this combination strategy in 2009.

The Coleman technique, pioneered and popularized by Dr. Sydney Coleman, is 
the most popular method of fat grafting and calls for meticulous, labor-intensive 
harvesting, processing, and injection of fat using small aliquots to maximize access 
to blood supply and improve graft viability [85]. The Coleman technique harvests 
10-mL fat at a time using gentle, hand-applied low power suction (10-mL syringe) 
through a two-hole harvest cannula (17-gauge). Once the desired volume has been 
obtained, the syringe is replaced with a Luer-Lok cap. Lipoaspirate is then centri-
fuged at 3000 rpm for 3 minutes, yielding a mixture of oil, fat, and serum. The oil 
and serum are discarded, and the lipoaspirate is aliquoted to 1-mL or 3-mL syringes 
and injected into recipient sites gently upon withdrawal of the injection cannula. At 
least 3 months are required to complete fat engraftment, and during this period, 
graft volume is reduced by an amount ranging from 10 to 50%. The number of ses-
sions required to achieve desired volume depends on the amount of adipose required 
for reconstruction, which can vary.

Graft survival is critical to the success of liposculpting. Several factors have been 
identified as potentially important determinants of graft viability including the cell 
type transferred (stem cells, adipocytes, stromal vascular fraction cells), prevention 
of trauma to adipocytes during harvest and application, graft preparation technique, 
and exclusion of noxious stimuli during preparation of the lipoaspirate [85].

Fat is a known reservoir of regenerative precursor cells termed adipose-derived 
regenerative cells (ADRC). These precursor cells have been identified in lipoaspi-
rates and increase the survival of fat grafts by promotion of angiogenesis and a 
decrease in apoptosis as a response to released growth factors [86]. Rigotti et al. 
have demonstrated a benefit of applying fat containing adipose-derived stem cells 
beneath radiated tissue, which supports the healing process, improving quality of 
skin. The RESTORE-2 trial is the first prospective, multicenter clinical trial which 
evaluated the use of ADRC-enriched fat grafts to treat breast deformities following 
lumpectomy with or without radiation. In addition to using fat simply as a filler, the 
regenerative work of Rigotti et al. has demonstrated a significant reversal in radia-
tion damage after fat grafting. Fat, not acting simply as a filler, may have a regenera-
tive effect and may aid in the reversal of the radiation fibrosis and scarring [87].

Fat harvest is completed with the use of aspiration cannulas, a form of negative 
pressure creates the aspiration force, and with or without the use of tumescent solu-
tions. Common cannula sizes for harvest range from 3 to 6 mm, and options for 
aspiration forces include syringe aspiration and the various forms of suction-assisted 
lipectomy (standard, power-assisted, ultrasound-assisted). Gravity separation, cen-
trifugation, washing, and filtration are available fat graft processing/preparation 
methods. Fat graft application is accomplished with small-gauge application 
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cannulas. Despite the expanding body of knowledge regarding the above factors, 
there remains a high degree of discordance on fat grafting techniques due to the 
inconsistent results from animal studies and human experiments. In clinical prac-
tice, one technique is clearly not superior to any other technique when all the data 
are considered [88].

The earliest application of breast reconstruction fat grafting was as an adjunct 
used to improve breast contour after implant-based reconstruction or to correct 
lumpectomy defects. Its initial success led to its use for increasing overall breast 
volume or focal breast volume deficits in patients who had already undergone autol-
ogous reconstruction [89]. Small to moderate volume fat transfers typically show 
good results and set the stage for the development of newer techniques to allowing 
transfer of large amounts of autologous fat. The BRAVA technique, pioneered by 
Dr. Roger Khouri, aims to establish a safe and efficient method of large volume 
(“mega-volume”) autologous fat transfer for total breast reconstruction providing 
an alternative to implant and flap-based breast reconstruction [90]. BRAVA tech-
nique employs an external expansion device prior fat transfer into the breast. 
Proponents of the technique theorize that the mechanical forces caused by external 
expansion stimulate angiogenesis in addition to augmenting physical space for fat 
transfer. The concept of BRAVA expansion is similar to that employed by negative 
pressure wound therapy (NPWT) which exerts micromechanical forces to wound 
edges causing deformation of tissues. These deformational forces stimulate growth 
factor release which promote cell stretch, proliferation/division, and angiogenesis 
[91]. The authors postulate that the BRAVA technique enhances fat grafting through 
provision of Bigger potential spaces available for the overall volume of the graft; 
Reduction of the demand on adipocytes to act as internal expanders, which may 
result in undue pressure; Augmentation of the tension on internal constrictions and 
scars, to better address breast shape; elimination of Variables that are time- 
consuming (i.e., centrifugation); and promotion of the Angiogenesis effect, which 
may increase the oxygen supply to the recipient site and lead to better graft take.

In summary, fat transfer is a safe method and versatile tool for adding soft tissue 
volume in both implant-based and autologous reconstruction. Currently, mega- 
volume autologous fat grafting for breast reconstruction is being studied and may 
provide yet another option for total breast reconstruction.

 Nipple Reconstruction

Recreation of the nipple and areola makes many women feel as though the journey 
through breast cancer management is complete and has significant psychological 
and emotional benefits [92]. Techniques for nipple reconstruction have remained 
relatively constant as breast reconstruction technology and techniques have evolved 
to their current status. The nipple is most commonly created using a variety of well- 
described local tissue rearrangements (Skate flap, star flap, C-V flap) and their mod-
ifications to produce a papule that projects 3–5 mm from the breast mound. The 
most recent advances in nipple reconstruction have developed from identification of 
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risk factors associated with poor outcomes in nipple areola complex (NAC) 
 reconstruction, re-popularization of the nipple-sharing technique, and refinement in 
tattoo techniques (Fig. 7.9a).

A review of over 600 nipple reconstructions demonstrated higher rates of nipple 
projection problems with specific types of flaps such as the skate flap. Furthermore, 
the combination of radiotherapy and implant-based breast reconstruction translates 
to higher incidence of nipple reconstruction problems [93]. With the decreasing 
threshold for the use of post-mastectomy radiotherapy as well as an increase in 
reconstructions that have been radiated, the nipple-sharing technique has been re- 
popularized (Fig. 7.9b). Random pattern flap creation from thin irradiated skin over-
lying a prosthetic device is contraindicated. Nipple sharing allows the addition of 
contralateral nipple tissue with minimal manipulation of the reconstructed breast 
soft tissues and therefore should be especially considered an option in this patient 
population [94]. Finally, application of the artistic principles of contrast and shad-
owing has improved the aesthetic appearance of NAC reconstructions and improved 
patient satisfaction with the process [95].

Fig. 7.9 (a) Sequence of nipple areolar reconstruction including markings for C-V flap technique. 
Note the use of various pigment hues to produce contrast which amplify nipple projection appear-
ance as well as create a more natural appearance of the reconstruction. (b) Nipple-sharing tech-
nique markings and sequence of procedures completed with areolar tattoo. No secondary 
procedures were required for nipple projection and no pigment was needed for papule color
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 Conclusion

Despite available techniques and federal support, there are patients who opt for no 
reconstruction or who are not surgical candidates. Preoperative patient assessment 
and stringent patient selection allow the identification of those patients who may be 
better served with a less complex reconstructive technique or those that should not 
be offered reconstructive interventions. Advances in breast reconstruction tech-
niques, as well as the development of new ones, have led to decreased time to 
completion of reconstructive process, improved patient safety, excellent aesthetic 
outcomes, and higher patient satisfaction with the reconstructive process. Current 
techniques ensure that the vast majority of people who desire reconstruction after 
mastectomy will be able to be reconstructed with the goal of a balanced and aes-
thetic result.
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 Introduction

The widespread use of screening mammography as well as advances in imaging 
techniques has resulted in increased detection of high-risk breast lesions. Overall, 
high-risk lesions represent 7–8% of core biopsy diagnoses [1–3]. Benign breast 
lesions such as intraductal papillomas and radial scars are also considered high-risk 
lesions. However, the focus of this chapter will be on atypias of the breast: flat epi-
thelial atypia (FEA), atypical ductal hyperplasia (ADH), and lobular neoplasia.

To complicate matters, breast atypias can be diagnosed in isolation, or multiple 
findings can be present in a single core biopsy, as these low-grade lesions are often 
associated with one another as well as with low-grade carcinomas, such as invasive 
tubular carcinoma, as part of the so-called “Rosen triad” [4].

The diagnosis of atypia in a core biopsy of the breast has traditionally led to 
surgical excision of that area, so a definitive assessment can be made as to whether 
the atypia was an isolated finding or the proverbial “tip of the iceberg” associated 
with a malignant lesion that was not sampled in the core biopsy. As advances have 
been made in imaging of the breast, radiologic findings that may not have been 
identified in the past are now getting biopsied, some resulting in an atypical diagno-
sis. These same imaging advances have also opened up the discussion regarding the 
necessity of routine surgical excisions for all types of atypia. In this chapter, the 
pathology of the various breast atypias will be discussed as well as the importance 
of pathologic-radiologic correlation in determining what patients are truly at high 
risk and should undergo surgical excision.
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 Flat Epithelial Atypia

Flat epithelial atypia (FEA) is an entity that has had many names in the pathology 
literature, ranging from “low-grade clinging carcinoma” to “columnar alteration with 
apical snouts and secretions”. The current nomenclature of FEA is used in the WHO 
classification which defines it as a low-grade neoplastic process in which the native 
epithelial cells of the breast terminal duct lobular unit (TDLU) are replaced by a 
monomorphic population of cells in one or more layers that exhibit loss of nuclear 
polarity without architectural atypia. These dilated TDLUs often have central secre-
tions which calcify and are therefore identified on mammography (Fig. 8.1a). Pure 
FEA is an uncommon diagnosis, with a reported incidence of about 3–4% of all core 
biopsies [5, 6]. FEA shares morphologic similarity as well as an immunoprofile 
similar to atypical ductal hyperplasia (ADH) and low-grade ductal carcinoma in situ 
(DCIS), suggesting that it may be a precursor lesion [7]. However, while the relative 
risk for subsequent development of breast cancer has been well defined for other 
categories of breast atypia, the risk associated with FEA is less clear. A Mayo cohort 

Fig. 8.1 (a) Flat epithelial 
atypia (FEA) (b) Atypical 
ductal hyperplasia (ADH)
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study found that FEA had no independent elevation of risk beyond that conferred by 
the changes present in the background breast tissue [8].

The immediate question a clinician faces when a patient is diagnosed with pure 
FEA on core biopsy is whether surgical excision is necessary. In the literature, 
reported upgrade rates vary widely, ranging from 0 to 21% [6, 9–16] (Table 8.1). All 

Table 8.1 Reported upgrade rates for FEA

Article

Number of 
pure FEA 
cases/number 
excised

Upgrades to 
DCIS or IC

Indication for 
biopsy

Residual lesion 
post-biopsy

Patients 
without 
excisions

Kunju and 
Kleer (2007)

14/14 3 (21%) Calcifications Unknown N/A

Noel et al. 
(2009)

62/20 0 Calcifications Present in the 
20 excised 
cases

No changes in 
mammograms 
at 6–12 months 
post biopsy

Chivukula 
et al. (2009)

39/35 5 (14%) Calcifications Unknown No follow-up 
provided

Lavoue et al. 
(2011)

60/60 8 (13%) Calcifications, 
mass

Present in at 
least 42a

N/A

Uzoaru et al. 
(2012)

145/95 3 (3%) Calcifications, 
mass

Unknown No changes in 
mammograms 
with mean 
follow-up of 
5 years

Peres et al. 
(2012)

128/95 9 (9%)c Calcifications, 
mass

Unknown No changes in 
mammograms 
with median 
follow-up of 
13 months

Khoumanis 
et al. (2013)

104/94 10 (10%) Calcifications, 
mass

Unknown No changes in 
mammograms 
with mean 
follow-up of 
36 months

Prowler et al. 
(2014)

24/24 0 Calcifications, 
mass, MRI 
enhancement

Unknown N/A

Calhoun et al. 
(2015)

73/73 5 (7%) Calcifications, 
mass, MRI 
enhancement

14 completely 
removed at 
biopsyb

N/A

a18 cases had >90% of the mammographic lesion removed at biopsy. One upgrade was from this 
category
b14 cases had all calcifications removed at biopsy, none of which were upgraded at excision. No 
other specifications about the residual lesions were provided
cAn additional case with LCIS at excision was considered an “upgrade” in the original paper
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the studies are limited by a retrospective design, and many also have a small sample 
size. The published recommendations for treatment are likewise variable. Some rec-
ommend routine excision for all FEA patients similar to when ADH is diagnosed on 
core biopsy. Alternatively, some argue for case-by-case decision-making that would 
factor in imaging findings (such as the presence of residual calcifications in the 
post-biopsy mammogram) as well as factors such as a personal history of breast 
cancer. This case-by-case process would allow for some patients to undergo imag-
ing surveillance rather than immediate excision. Although no prospective, random-
ized data is available to definitively answer this question of excision vs. surveillance, 
there is some published data on patients who have not undergone immediate exci-
sion. These patients have not developed a subsequent breast cancer at the site of 
their FEA biopsy within the follow-up periods [6, 10, 13, 16].

 Atypical Ductal Hyperplasia

Atypical ductal hyperplasia (ADH) morphologically resembles low-grade ductal 
carcinoma in situ (DCIS). Both are composed of a proliferation of monomorphic 
epithelial cells that are evenly spaced with distinct cell borders. Unlike FEA, the 
proliferating cells can be solid or have architecture and form bridges or micropapil-
lae. Given the morphologic overlap, quantitative criteria are often used to distin-
guish ADH from low-grade DCIS. If the proliferation completely involves of at 
least two membrane-bound spaces or has a size greater than 2 mm, these lesions 
would be diagnosed as DCIS rather than ADH [17]. Some authors have suggested a 
conservative approach to low-grade ductal proliferations on core biopsy and will 
classify those measuring up to 3 mm as ADH [18]. This avoids overdiagnosing 
small lesions as low-grade DCIS by leaving the final determination of extent and 
therefore classification to the excision specimen rather than deciding based on the 
core biopsy findings alone.

Given the difficultly in accurately distinguishing ADH from low-grade DCIS on 
core biopsy alone, surgical excision is routinely recommended for ADH. The 
upgrade rates for ADH at excision are in the range of 10–20%.

 Atypical Lobular Hyperplasia and Classic Lobular  
Carcinoma In Situ

Classic lobular neoplasia encompasses both atypical lobular hyperplasia (ALH) and 
lobular carcinoma in situ (LCIS). The cells in ALH and classic LCIS have identical 
morphology. Both lesions are composed of dyscohesive small, round cells with uni-
form nuclei that are often eccentrically placed. Cytoplasmic vacuoles are common. 
The difference between the two diagnoses comes with the degree of lobular involve-
ment and/or distension by these cells. In comparison to ALH (Fig. 8.2a), classic 
LCIS shows greater distention of the acini within the TDLU as well as more com-
plete involvement of the TDLU itself (Fig. 8.2b).
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Lobular neoplasia is considered both a risk factor and a non-obligate precur-
sor for developing invasive carcinoma in either breast. Cohort studies have shown 
that the relative risk of developing breast cancer for women with ALH or classic 
LCIS is estimated at 4 and 10×, respectively [19]. A minority of women with 
classic lobular neoplasia subsequently develops invasive breast cancer; no clini-
cal or pathological features can accurately predict which women are at risk for 
progression.

ALH and classic LCIS are most often incidental findings in core biopsies, and 
the question of whether surgical excision of the biopsy site is necessary is still con-
troversial. The reported upgrade rates in the literature are highly variable, and many 
studies have significant limitations including the selection bias inherent in their 
retrospective design. Many also fail to include crucial information about pathologic- 
radiologic concordance. Discordant cases such as classic LN associated with a mass 
on imaging should undergo excision to exclude an invasive component that was not 
sampled in the core biopsy. Unfortunately, discordant cases are sometimes reported 
as true “upgrades” in the literature, creating a falsely elevated upgrade rate. There is 
also the question of whether morphologic variants such as pleomorphic LCIS and 
necrotic LCIS were included for analysis in some studies. Retrospective studies that 
included pathologic review and imaging concordance had reported upgrade rates of 
1.3–4% [20–22]. Prospective studies that included only women with classic lobular 
neoplasia (ALH and/or LCIS, no LCIS variants) diagnosed on core biopsy with 

Fig. 8.2 (a) ALH (b) classic LCIS (c) pleomorphic LCIS (d) LCIS with necrosis

8 New Thoughts on Atypias of the Breast…



122

concordant imaging findings also show an upgrade rate of 3–4% [23–25] (Table 8.2). 
Therefore, when ALH or classic LCIS is an isolated incidental finding on core 
biopsy, radiologic- pathologic correlation is recommended to determine manage-
ment. In contrast, patients with an associated mass, ductal atypia (such as ADH) 
with the same core biopsy, or a variant of LCIS should undergo excision.

 Variants of Lobular Carcinoma In Situ

It is important to be aware of the morphologic variants of LCIS: pleomorphic and 
necrotic types. These are uncommon entities and in the past have likely been diag-
nosed and treated as DCIS [26]. Pleomorphic LCIS (P-LCIS) is composed of vari-
ably dyscohesive cells with nuclei 3–4× the size of a lymphocyte that are often 
eccentrically placed with prominent nucleoli [27] (Fig. 8.2c). Necrosis is sometimes 
present in P-LCIS but not required for the diagnosis. In contrast, identifying necro-
sis is necessary for the diagnosis of necrotic LCIS (N-LCIS) which is otherwise 
composed of cells with similar cytologic features to classic LCIS with more marked 
distension of the involved acini [28]. This necrosis can be puntate or comedo type. 
The presence of associated necrosis that undergoes calcification with either P-LCIS 
or N-LCIS leads to mammographic similarities with DCIS [29]. Although the 
aggressiveness of these variants is unknown, some studies have shown a higher 
association with invasive carcinoma. Therefore, in contrast to classic LCIS, the cur-
rent recommendation for LCIS variants is surgical excision.

 The Importance of Pathologic-Radiologic Concordance

Pathologic-radiologic concordance has been emphasized in the discussion of each cat-
egory of atypia above, but how does one decide when it has been achieved? Multiple 
parameters come into making this assessment, and they vary from patient to patient. The 
most obvious question that needs to be answered after every core biopsy is: do the 
pathologic findings correlate with the imaging impression? Although the question itself 
is obvious, getting to the answer involves assessing multiple parameters. All the atypias 
discussed in this chapter are not by themselves mass-forming lesions, but they may 
secondarily involve a mass (such as when ALH is identified within a fibroadenoma). 

Table 8.2 Upgrade rates for 
prospectively excised classic 
lobular neoplasia in the 
recent literature

Study
Number of 
upgrades Upgrade rate (%)

Rendi (2012) 3/68 4.4

Murray (2013) 2/72 3.0

Nakhlis 
(2016)

2/77 3.0

Susnik (2016) 7/180 3.9

Total 14/397 3.5
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FEA and ADH are often associated with the calcifications that were the target of the core 
biopsy. ALH and classic LCIS are most often a completely incidental finding, although 
they too can be associated with calcifications. When a core biopsy is performed target-
ing a mass seen on mammography and/or ultrasound and the resultant cores show only 
FEA, ALH/LCIS, or ADH, the pathologic-radiologic findings may be discordant. Not 
only the type of lesion identified on breast imaging but the level of suspicion assigned to 
that lesion by the radiologist should be taken into account. The imaging workup that 
precedes obtaining a core biopsy provides an overall assessment of the lesion using the 
Breast Imaging Reporting and Data System (BI-RADS). BI-RADS 4 lesions are con-
sidered suggestive of malignancy, and BI-RADS 5 lesions are highly suggestive of 
malignancy; biopsy is recommended for both categories (https://www.acr.org/). When a 
core biopsy is performed, targeting a finding categorized as BI-RADS 5 and the resul-
tant cores show only atypia (ductal or lobular); the pathologic-radiologic findings may 
be discordant. The adequacy of the sample should also be considered, and can be evalu-
ated by variables such as the number of cores obtained and the extent of the lesion 
removed by the core biopsy. Clinical variables such as age, breast cancer risk, and find-
ings on physical examination may also factor into deciding whether or not surgical exci-
sion should be recommended.

Multidisciplinary conferences where radiologists, pathologists, and surgeons can 
discuss the management of patients with nonmalignant breast lesions are common 
at large academic centers. Although not possible in every practice setting, pathologic- 
radiologic correlation conferences provide a forum similar to breast cancer confer-
ences in which management decisions can be discussed on a case-by-case basis. 
After instituting a correlation conference, one institution found that the case review 
and discussion that occurred resulted in significant changes in management for 
5.3% of the patients presented at the conference [30]. The change in assessment 
from discordant to concordant enabled patients to avoid surgical excision and/or 
short-interval imaging. Importantly, in those that changed from concordant to dis-
cordant, three breast cancers were identified on the subsequent tissue sampling. MD 
Anderson utilized a “multidisciplinary clinical management conference” to separate 
patients with lobular neoplasia on core biopsy that needed surgical excision from 
those who could be adequately followed clinically and with imaging [31]. A 
pathologic- radiologic correlation conference has the potential to not only impact the 
care of individual patients but can impact a health care system financially by avoid-
ing costly and unnecessary follow-up imaging and surgical intervention.

 Breast MRI and Atypias

Breast magnetic resonance imaging (MRI) is being increasingly used to both diag-
nose and manage breast cancer. With its increased sensitivity, breast MRI can detect 
cancers that are not seen on mammography or ultrasound. However, with its low 
specificity, a variety of nonmalignant lesions will also enhance on MRI and findings 
with no mammogram or ultrasound correlate will lead to MRI-guided biopsy for 
tissue confirmation. The majority of the published literature regarding the risk of 

8 New Thoughts on Atypias of the Breast…

https://www.acr.org/


124

upgrade for breast atypia has focused on atypias detected using mammography and/
or ultrasound; do atypias diagnosed on MRI-guided core biopsy carry the same 
risk? Reported upgrade rates for ADH and lobular neoplasia in this setting range 
from 15 to 32% and 0–29%, respectively [32–35]. Very little data is available for 
pure FEA diagnosed on MRI-guided core biopsy. No statistically significant differ-
ence was seen in the upgrade rate by lesion type (mass vs. non-mass enhancement) 
or size of the targeted lesion. It is important to remember that the patient population 
in these studies is also quite different as women getting a breast MRI are more often 
at high risk or already have breast cancer. In the aforementioned studies, 48–74% of 
the women had a history of past or concurrent breast cancer including in the same 
breast as their biopsy-proven atypia. Including patients with a recently diagnosed 
ipsilateral breast cancer could confound the finding of an “upgrade” at excision, and 
not all the studies included pathologic review to confirm that the areas were truly 
distinct. Given the limitations in the published literature, there are currently no dif-
ferent recommendations for atypias detected on MRI-guided biopsy.

It has been suggested that breast MRI may be able to help predict the risk of 
upgrade for high-risk lesions diagnosed using conventional image-guided biopsy 
techniques (MRI for “troubleshooting”). Londero et al. analyzed the subsequent 
breast MRI findings in women with high-risk lesions and no prior or concurrent 
history of ipsilateral breast cancer [36]. Biopsy-proven lobular neoplasia with 
enhancement has an upgrade rate of 46% compared to only 5% of non-enhancing 
cases. A similar pattern was seen with ADH: 44% of those with enhancement were 
upgraded, while none of the non-enhancing cases had invasive carcinoma or DCIS 
in the excision. However, other studies have found that the false-negative rate of 
MRI is too high to be used in management decisions for core biopsy-diagnosed 
lobular neoplasia or ADH [37]. Additional prospective studies are needed to more 
accurately determine the utility of breast MRI in this setting.

 Conclusion

Flat epithelial atypia (FEA), atypical ductal hyperplasia (ADH), classic lobular neo-
plasia (atypical lobular hyperplasia (ALH), and classic lobular carcinoma in situ 
(LCIS) are all low-grade lesions that are considered non-obligate precursors as well 
as risk factors for the development of breast cancer. They can be diagnosed on 
breast core biopsies targeting calcifications, masses, or areas of enhancement. Given 
the morphologic overlap of ADH with low-grade DCIS, surgical excision is recom-
mended in these cases, and about 10–20% of cases will be upgraded to invasive 
carcinoma or DCIS. Surgical excision is also recommended for the pleomorphic 
and necrotic variants of LCIS. In contrast, all patients with classic lobular neoplasia 
or FEA on core biopsy may not require excision when careful pathologic-radiologic 
concordance is assured. A uniform approach to all atypias of the breast may not be 
appropriate, and discussion of these cases in a multidisciplinary setting can be help-
ful in weighing the clinical, radiologic, and pathologic factors that can influence the 
decision on the best management for each individual patient.
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9New Techniques in Radiation Oncology

Ryan T. Hughes and Doris R. Brown

 Introduction

The role of radiation therapy in the management of breast cancer has evolved sig-
nificantly over the past several decades. In this modern era of improving surgical 
techniques and more effective chemotherapeutic, targeted biological agents and 
hormonal therapies, its use in patients with early stage as well as locally advanced 
breast cancer continues to be refined. Enhanced screening efforts have reduced the 
relative incidence of late-stage breast cancer with an associated increase in early-
stage disease [1]. These trends highlight a need for clear guidelines in the manage-
ment of early-stage breast cancer, which, given the heterogeneity of clinicopathologic 
risk factors, are sometimes difficult to elucidate. In the late twentieth century, 
breast-conserving surgery (BCS) followed by radiotherapy to the whole breast 
became an established standard of care in early-stage breast cancer with similar 
ipsilateral breast control rates relative to mastectomy alone [2, 3]. The addition of 
radiotherapy to breast-conserving surgery significantly reduced local recurrence 
rates at 5 years which translates into a 15-year breast cancer-specific mortality rate, 
irrespective of nodal status [4]. In locally advanced disease, radiation therapy to the 
chest wall and regional lymph node stations (supraclavicular, infraclavicular, axil-
lary, and internal mammary) in addition to chemotherapy following mastectomy 
reduced locoregional recurrence (LRR) and improved disease-free and overall sur-
vival for patients with T3–T4 primary tumors or involved axillary lymph nodes 
[5–7]. High-risk patients with large tumors, high-grade histology, and increasing 
number of axillary lymph nodes involved at the time of mastectomy with axillary 
lymph node dissection (ALND) reaped the greatest benefit from adjuvant postmas-
tectomy radiotherapy (PMRT). It has been generally accepted that patients with four 
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or more positive lymph nodes are at highest risk for LRR and thus would benefit 
most from PMRT to minimize that risk. These studies were limited by variability in 
axillary lymph node evaluation and less efficacious chemotherapy than that avail-
able in the present day. In this chapter, we will further discuss the radiotherapeutic 
management of the axilla and regional lymph nodes in the era of increasing surgical 
efficacy and sensitivity (via sentinel lymph node biopsy) and significantly improved 
adjuvant and neoadjuvant systemic treatment options.

 Regional Nodal Irradiation for Patients with One to Three 
Lymph Nodes Involved

Since the aforementioned trials that initially defined the role of PMRT in node- 
positive breast cancer, there remains controversy regarding the optimal indications 
for regional nodal irradiation. The uncertainty lies mostly in the setting of less than 
four axillary lymph nodes involved. Previous trials designed to answer this question 
have closed without adequate accrual; current randomized controlled trial evidence 
remains forthcoming. Retrospective, single-institution analyses suggest that 
regional nodal irradiation for patients with one to three nodes involved does indeed 
reduce locoregional recurrence and improve disease-free survival, but despite a 
trend toward improvement in overall survival, a statistically significant survival 
benefit has not been demonstrated [8–10]. Furthermore, population-based analysis 
of T2N1 patients with one, two, and three lymph nodes positive at the time of mas-
tectomy who did not receive radiation therapy revealed statistically significant dif-
ferences in overall and cause-specific survival directly related to the number of LN 
involved [11]. Based on these results, the risk associated with involved axillary 
lymph nodes may be better considered as a continuous spectrum rather than on an 
ordinal scale. Upon subgroup analysis of patients with one to three positive lymph 
nodes after mastectomy with ALND, regional nodal radiotherapy resulted in a sig-
nificant relative risk reduction of 87% (ARR 20%) for LRR and 17% (ARR 9%) for 
overall survival [12]. Meta-analysis of over 8000 patients undergoing mastectomy 
with axillary surgery randomized to chest wall/regional nodal irradiation vs. no 
radiotherapy assisted in further clarifying the role for regional nodal radiotherapy  
in patients with one to three positive lymph nodes after ALND [13]. This patient 
population experienced reductions in 10-year locoregional (20.3% vs. 3.8%, 
2p < 0.00001) and any recurrence rates (45.7% vs. 34.2%, 2p = 0.00006), as well as 
20-year breast cancer-specific mortality (50.2% vs. 42.3%, 2p = 0.01). These risk 
reductions were similar to those experienced by the patients with four or more 
lymph nodes involved – the benefit of RT was not proportional to the number of 
lymph nodes involved. The benefits also remained irrespective of the use of sys-
temic therapy, though approximately 90% of patients received at least one form of 
chemotherapy or hormonal therapy. These data regarding the benefit of postmastec-
tomy RNI are, however, limited by the age of the comprising trials and do not evalu-
ate the potential toxicities of additional radiotherapy to the regional nodes, including 
increased risk of pulmonary, cardiac, skin/soft tissue, and lymphatics.
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A recent randomized trial (EORTC 22922/10925) compared the addition of 
regional nodal (internal mammary and medial supraclavicular fossa) irradiation to 
either whole breast or chest wall irradiation versus no RNI in patients with exter-
nally located tumors and axillary nodal involvement or medially located tumors 
regardless of nodal involvement [14]. The majority (76%) of patients underwent 
BCS; the others received mastectomy (24%). Both groups underwent ALND; SLNB 
was allowed in the later years of the trial to be followed by completion ALND if 
pathologically node positive. The addition of IMN and supraclavicular RNI to 
either whole breast or chest wall radiotherapy resulted in reduced disease-free (HR 
0.89, CI 0.80–1.00, p = 0.04) and breast cancer-specific mortality (HR 0.82, CI 
0.70–0.97, p = 0.02). Overall survival at 10 years was 82.3% in the RNI group and 
80.7% in the control group with a trend toward statistical significance (p = 0.05). 
Analysis of 3- and 10-year toxicity rates revealed elevated risks of pulmonary fibro-
sis with the addition of RNI (4.4% vs. 1.7%) but no difference in cardiac fibrosis or 
heart disease (p = 0.06 and p = 0.25, respectively) or skin toxicity [15].

Recent consensus guidelines published by a joint American Society of Clinical 
Oncology, American Society for Radiation Oncology, and Society of Surgical 
Oncology panel regarding the use of PMRT in this setting “unanimously agreed that 
the available evidence shows that PMRT reduces the risks of locoregional failure 
(LRF), any recurrence, and breast cancer mortality for patients with T1-2 breast 
cancer and one to three positive lymph nodes [16].” This panel did, however, cau-
tion that patients may exist with such an inherently low risk of LRF that the poten-
tial toxicity may outweigh the benefits of PMRT. There is no validated predictive 
model to aid in identification of patients within this particular subgroup. As such, 
careful consideration of clinical (advanced age, short life expectancy, comorbidi-
ties, or coincident conditions that may increase radiation toxicity) and pathologic 
factors (T1 tumor size, absence of LVSI, single LN positive, small size of nodal 
metastases, or good response to NAC) for each individual patient is necessary to 
evaluate each patient’s risk of recurrence which may then be compared to their risk 
of toxicity from PMRT.

 Regional Nodal Irradiation After Breast-Conserving Surgery

The results of an international randomized controlled trial (NCIC-CTG MA.20) com-
paring the addition of RNI to whole breast irradiation (WBI) after breast- conserving 
surgery in node-positive or high-risk node-negative (primary tumor size ≥5 cm or 
size ≥2 cm with <10 axillary nodes dissected and either grade 3 histology, ER nega-
tivity, or the presence of LVSI) patients allow for the comparison of clinical outcomes 
as well as toxicity rates for WBI with or without RNI in early-stage breast cancer 
patients [17]. All patients underwent BCS with either axillary lymph node dissection 
or sentinel lymph node biopsy, 91% received adjuvant chemotherapy based on insti-
tutional practice, and 76% received hormonal therapy. Radiation to the whole breast 
and internal mammary nodes (IMN) was delivered to 50 Gy in 25 fractions using 
opposed tangents using either wide tangents to include the IMN or standard tangents 
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with a matched IMN field. High axillary, supraclavicular and infraclavicular nodal 
regions were covered with an anteroposterior beam alignment; posteroanterior field 
was recommended but not required. A 10–16 Gy boost in 2 Gy fractions to the 
lumpectomy cavity was allowed per institutional policy. At 10 years, locoregional 
disease-free survival was significantly higher in the RNI group compared to the con-
trol (95.2% vs. 92.2%, p = 0.009). Overall 10-year disease-free survival was also 
improved in the RNI group (82% vs. 77%, p = 0.01; HR 0.76, CI 0.61–0.94, p = 0.01). 
These differences were comprised mostly by a reduction in regional recurrence rates; 
the regions at highest risk were the axillary and supraclavicular areas. This translated 
into an improvement in distant disease-free survival (HR 0.76, CI 0.60–0.97, 
p = 0.03) but not in overall survival (HR 0.91, CI 0.72–1.13) at 10 years.

Upon comparison of adverse outcomes following WBI alone versus WBI + RNI, 
significant increases in acute toxicities such as Grade 2–3 radiation dermatitis 
(40.1% vs. 49.5%, p < 0.001) and Grade 2 pneumonitis (0.2% vs 1.2%, p = 0.01) 
were observed. Significantly more frequent delayed toxicities included moderate to 
severe lymphedema (4.5% vs. 8.4%, p = 0.001) and late skin and subcutaneous tis-
sue changes such as telangiectasia, atrophy, or fibrosis (skin, 4.3% vs. 6.9%, 
p = 0.02; subcutaneous tissue 2.0% vs. 4.1%, p = 0.01). There were no differences 
in the rates of fatigue, pain, delayed cardiotoxicity, neuropathy, late pneumonitis, or 
second cancers between the two groups. Grade 4 toxicity was rare and occurred in 
only 3 of the 893 patients in the WBI + RNI group. These results suggest that for 
carefully selected patients with node positive or high-risk node negative disease, the 
addition of regional nodal irradiation to whole breast irradiation improves locore-
gional and disease-free survival with a modestly increased risk of few acute and 
delayed toxicities.

 Regional Nodal Irradiation by Extent of Axillary Surgery

The twenty-first century has witnessed a growing body of evidence in support of a 
novel approach to limited axillary surgery in the form of sentinel lymph node biopsy 
for the clinically negative axilla. Multiple randomized trials have demonstrated 
equivalent clinical outcomes when ALND is foregone after a negative SLNB [18, 
19]. In the NSABP B-32 control group, which underwent SLNB followed by com-
pletion ALND, accuracy was high (97%), and false-negative rates were relatively 
low (approximately 10%) [20]. Additionally, SLNB alone is significantly better tol-
erated in comparison to ALND with respect to ipsilateral arm function, lymph-
edema, and ipsilateral arm paresthesias [21, 22]. These findings suggest that modern 
breast surgeons may avoid relatively high-risk axillary procedures without signifi-
cantly sacrificing staging and therapeutic efficacy. However, in this nascent era of 
limited axillary dissections, the indications for postoperative regional nodal irradia-
tion must simultaneously adapt.

The American College of Surgeons Oncology Group (ACOSOG) Z0011 trial 
aimed to identify the optimal axillary therapy with regard to overall and disease-
free survival for early-stage, clinically node-negative (cT1–2N0) patients found 
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with positive sentinel lymph nodes [23]. All patients underwent lumpectomy fol-
lowed by adjuvant whole breast radiotherapy; no third-field axillary directed radia-
tion was permitted. Despite the difference in median number of nodes obtained by 
SNLB and ALND (2, IQR 1–4 and 17, IQR 13–22, respectively), the number of 
positive nodes was equal in both groups (1, IQR 1–2). The majority of both groups 
received adjuvant systemic therapy: 97% in the SLNB arm and 96% in the ALND 
arm. Long-term follow-up has revealed 10-year locoregional recurrence rates of 
6.2% in the ALND arm vs. 5.3% in the SLNB arm (p = 0.36). Specific ipsilateral 
axillary regional recurrence rates at 10 years in the ALND and SLNB groups were 
low: 0.5% vs. 1.5%, respectively [24]. It should be noted that at the time this trial 
was ongoing, many radiation oncologists would consider RNI as the standard of 
care for patients with positive lymph nodes, especially in the setting of incomplete 
axillary evaluation such as SLNB. The fact that no further axillary directed therapy 
was permitted was controversial, prompting concerns regarding deviations from 
protocol by the participating radiation oncologists. Of the radiotherapy records 
obtained by Jagsi and colleagues, high tangential fields (covering the low axilla) 
were used for at least one-half of the patients in both groups and 18.9% received 
RNI using at least three fields [25]. Further review of patients with radiation field 
deviations revealed that no RT resulted in statistically significant increases in LRR 
but that the addition of high tangents or supraclavicular fields to the standard breast 
tangents did not significantly affect this risk [24].

A modern European trial comparing axillary lymph node dissection versus axil-
lary nodal radiotherapy in patients with positive sentinel lymph nodes was also 
recently published [26]. Women with primary tumors <3 cm who were clinically 
node negative were randomized prior to SLNB to either ALND or axillary RT in the 
setting of SLN-positive disease. Patients randomized to the RT arm received 50 Gy 
in 25 fractions to all three axillary levels as well as the medial supraclavicular 
region. Adjuvant nodal RT was allowed in the setting of >4 lymph nodes positive in 
the ALND arm. Representative of a common breast cancer patient today, the major-
ity (82%) underwent BCS, and 90% received systemic treatment (hormonal and/or 
chemotherapeutic). Five-year axillary recurrence rates were low in both arms: 
0.43% (CI 0.00–0.92) after ALND and 1.19% (CI 0.31–2.08) after axillary RT. The 
SLN-negative group experienced a similar 5-year axillary recurrence rate of 0.72% 
(CI 0.39–1.04). There was no difference in overall or disease-free survival between 
the groups, but rates of clinically significant lymphedema were significantly higher 
after ALND than after RT at 1, 3, and 5 years. This trial puts forth compelling evi-
dence that, in the setting of sentinel lymph node-positive disease, axillary radio-
therapy may be comparable to axillary dissection with regard to outcome. As 
expected, RNI was better tolerated with regard to ipsilateral arm lymphedema. 
Nonetheless, due to the low rates of axillary recurrence (consistent with the afore-
mentioned ACOSOG study), this study was underpowered to detect noninferiority 
of axillary RT. These findings do, however, stand testament to the improving effi-
cacy of systemic therapy in reducing regional recurrence compared to historical 
trials in which no systemic therapy was given and more aggressive surgical inter-
ventions were performed [27].
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There is growing evidence in support of axillary radiotherapy after sentinel 
lymph node biopsy in lieu of axillary lymph node dissection in patients undergoing 
mastectomy, though this practice remains controversial. This is in part related to 
modern trials as described above which included proportionally more patients 
receiving breast-conserving surgery than mastectomy. Based on the available data, 
if the patient and the multidisciplinary team decide to omit axillary lymph node dis-
section after SLNB alone, patients determined to be at high risk of locoregional 
recurrence based on primary tumor and SLNB data alone may warrant adjuvant 
PMRT irrespective of the prognostic and therapeutic effect of ALND. This is 
reflected in recent guidelines which recommend PMRT after mastectomy and SLNB 
“only if there is already sufficient information to justify its use without needing to 
know that additional axillary lymph nodes are involved [16].”

 Internal Mammary Nodal Irradiation

The internal mammary nodes (IMN) have been a suspected harbor for regional 
spread in patients with central-medial tumors [28, 29]. In multiple previous trials, 
IMN irradiation (IMNI) has been considered a standard component of complete 
regional nodal irradiation, despite recent controversy over its utility [5, 6, 14, 17, 
30]. Further evidence regarding radiation-induced cardiotoxicity has emerged as 
impetus to further evaluate the risks and benefits of IMNI [31, 32].

In order to assess the benefit for IMNI in early-stage breast cancer, a French 
phase 3 trial randomized over 1400 women with stage I–II breast cancer with either 
positive axillary nodes or a medial/central primary tumor to modified radical mas-
tectomy and ALND followed by adjuvant chest wall radiotherapy with or without 
IMNI [33]. No internal mammary dissection was allowed. Radiation was delivered 
via mixed photon-electron beam to the ipsilateral parasternal region in the first five 
intercostal spaces. This study demonstrated no significant difference in disease con-
trol or survival between the two groups. There was no significant increase in cardiac 
toxicity in the IMNI group within a relatively limited median follow-up of approxi-
mately 8 years.

Conversely, a prospective analysis of a Danish population with early-stage, 
node-positive disease demonstrated a small survival benefit for a very specific sub-
set of patients [34]. Over 3300 patients were treated with adjuvant radiotherapy to 
the breast/chest wall and regional nodes after BCS or mastectomy to 48 Gy in 24 
fractions. Patients with right-sided tumors received IMNI via either an en face elec-
tron field or tangential photons. In left-sided disease the risk of cardiac toxicity 
precluded IMNI. Eight-year breast-cancer specific mortality with and without IMNI 
was 20.9% vs. 23.4% (p = 0.03). Subgroup analysis of patients with medial/central 
tumors or ≥4 LN involved revealed a significant survival benefit (aHR 0.76, CI 
0.66–0.89, p = 0.001). These data are difficult to interpret given the study’s nonran-
domized nature and unilateral treatment paradigm, but they may suggest that there 
exist certain cohorts of patients that may benefit from IMNI.
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In general, it may be reasonable to include the IMN as a component of RNI when 
technically feasible with respect to heart dose constraints (i.e., right-sided and select 
left-sided tumors), especially for patients with medial or central primary tumors. 
While there are likely undefined groups of low-risk patients that would not benefit 
from IMNI, this general treatment paradigm is discussed in recent guidelines advo-
cating the use of IMNI along with supraclavicular and axillary RNI for patients with 
positive axillary lymph nodes [16].

 Neoadjuvant Chemotherapy and Its Implications on Regional 
Nodal Irradiation

Over the last two decades, the use of neoadjuvant chemotherapy (NAC) has become 
more commonly administered to patients with operable breast cancer as a result of 
two large randomized clinical trials through the National Surgical Adjuvant Breast 
and Bowel Project (NSABP). NSABP B-18 compared neoadjuvant AC (doxorubi-
cin 60 mg/m2, cyclophosphamide 600 mg/m2, every 21 days for four cycles) fol-
lowed by either lumpectomy/ALND or modified radical mastectomy versus the 
same chemotherapy postoperatively [35]. NSABP B-27 randomized patients to four 
cycles of neoadjuvant AC plus 5 years of tamoxifen (receptor status was not required 
at registration) followed by four cycles of docetaxel (100 mg/m2 every 21 days) 
before or after surgery [36]. Patients enrolled included operable breast cancer with 
T1–T3, N0–N1 primary disease; the majority of patients were clinical stage I–II. In 
a long-term analysis of both studies, neoadjuvant AC resulted in a clinical response 
in 79% of patients (partial clinical response 43%, complete clinical response 36%) 
but a pathologic complete response (pCR) rate of only 13% [37]. With the addition 
of docetaxel to the neoadjuvant regimen, the pCR rate increased to 26% (p < 0.001). 
Additionally, patients undergoing NAC had higher rates of BCS (68% vs. 60%, 
p< 0.001). There were no differences in disease-free, relapse-free, or overall sur-
vival between the groups in either study, but there were significant overall survival 
benefits for patients achieving pCR (B-18: HR 0.32, p < 0.0001; B-27: HR 0.36, 
p < 0.0001). Notably, locoregional recurrence rates were low in comparison to the 
distant metastasis rate in the more modern NSABP B-27 study: overall rates of 
IBTR, regional, and distant recurrence were 6%, 2%, and 18%, respectively.

This new paradigm, especially in the setting of a pathologic complete response, 
complicates the role of radiotherapy in the adjuvant setting. When clinicopathologic 
status prior to receiving chemotherapy had previously predicted the benefit of radio-
therapy, we must now consider these prechemotherapy factors as well as each 
patient’s particular response to neoadjuvant chemotherapy. The majority of data 
regarding the benefit of adjuvant radiotherapy after NAC remains retrospective in 
nature. Analysis of 150 patients that received NAC prior to mastectomy from 1974 
to 2000 revealed high rates of locoregional recurrence (27%) even after pathologic 
complete response (19%), suggesting a response to neoadjuvant chemotherapy did 
not obviate the need for adjuvant radiotherapy [38]. Further retrospective analysis 
of a larger population comprising multiple prospective institutional clinical trials 
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found that PMRT after NAC reduced the 10-year LRR rates from 22% to 11% 
(p = 0.0001) [39]. Generally, patients with more advanced primary tumors (cT3–
T4) and nodal involvement (cN2–3) also experienced a statistically significant ben-
efit in locoregional control from PMRT. Of the 676 patients, 86 (13%) achieved a 
complete response to neoadjuvant chemotherapy. In clinical stage I–II patients, 
10-year LRR rates were similar with or without PMRT (p = 0.22), but LRR was 
significantly lower for patients with stage III–IV disease that underwent PMRT (3% 
vs. 33%, p = 0.006). These findings were again demonstrated in a larger analysis of 
106 patients with stage II–III disease achieving a pCR; PMRT was associated with 
significantly improved overall survival rates for the patients with stage III disease 
(77% with PMRT vs. 33% without, p = 0.0016) [40].

Analysis of the aforementioned NSABP trials provides insight into which 
patients are at highest risk for locoregional recurrence in this setting [41]. In these 
trials, adjuvant radiotherapy was specifically regulated: all patients who underwent 
mastectomy did not receive radiotherapy, all patients undergoing lumpectomy 
received WBI only, and no patients received RNI. This allows for the specific evalu-
ation of locoregional recurrence risks in the absence of PMRT or post-BCS 
RNI. Upon multivariate analysis, the extent of pathologic response after NAC sig-
nificantly predicted for locoregional recurrence at 10 years: conversion to node- 
negative disease (ypN0) with residual disease in the breast was associated with 
increased risk when compared to pCR in both the breast and axilla (HR 1.55, 
p < 0.001). Additionally, pathologically positive nodes after NAC (ypN+) versus a 
breast/nodal pCR carried a proportionally higher risk of LRR (HR 2.71, p < 0.001). 
Expected clinical factors such as younger age, larger tumor size, and clinical nodal 
status also significantly predicted for LRR. One caveat when applying these data 
in the clinical setting is the relatively small numbers of patients in some of the 
 comparison groups (i.e., ypT0/ypN0 and ypT+/ypN0).

When evaluating the role for RNI in patients receiving neoadjuvant chemother-
apy followed by breast-conserving surgery, it is helpful to specifically consider 
regional recurrence rates, especially in the setting of a clinically positive axilla. In 
the 506 clinically node-positive patients that underwent BCS + WBI in these two 
trials, 10-year regional recurrence was less likely in pathologically node negative 
when compared to patients with persistently positive nodes (0–2.4% vs. 7.5–8.7%). 
Similarly, in the postmastectomy setting, the risk of chest wall and/or regional 
recurrence is the predominant consideration. Patients with clinically T3, node- 
negative disease had 10-year chest wall recurrence rates of 0–8.6% and regional 
recurrence rates of 3.2–6.2%. With clinically positive but pathologically negative 
nodes, regardless of primary tumor size, chest wall recurrence rates were 0–9.2%, 
regional recurrence rates were 0–8.1%, and combined LRR rates were 0–10.8%. As 
such, the relative benefit of adjuvant RNI (in addition to WBI) or PMRT may not be 
enough to warrant exposure to potential treatment toxicities in these patients, espe-
cially for left-sided cancers. Recent consensus guidelines indicate that, while cur-
rent studies suggest patients with axillary pCR may have a low risk of LRR, these 
is insufficient evidence regarding the use of PMRT in this setting [16].
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In order to answer this complex question, two randomized clinical trials are cur-
rently ongoing. For stage II–III patients with biopsy-proven node-positive disease 
that convert to pathologically node negative after neoadjuvant chemotherapy, the 
NSABP B-51/RTOG 1304 trial evaluates the impact of regional nodal irradiation to 
the undissected axilla, ipsilateral supraclavicular fossa, and first three intercostal 
IMN in addition to either WBI or chest wall RT on local/regional/distant recurrence 
and breast cancer mortality rates [42]. Sentinel lymph node biopsy, axillary lymph 
node dissection, or both are allowed at the time of BCS/mastectomy. Similar patients 
undergoing SLNB found with persistent node-positive disease after NAC are eligi-
ble for the Alliance A011202 trial, an alternate study with compatible baseline 
inclusion criteria. This trial randomizes ypN+ patients to either completion ALND 
followed by RNI as outlined above versus RNI alone. Measured outcomes will 
include invasive breast cancer recurrence-free survival, overall survival, locore-
gional control, and rates of arm/breast lymphedema. These two studies will assist in 
clarifying the role for regional nodal irradiation in the management of breast cancer 
treated with neoadjuvant chemotherapy.
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10Radiotherapy and Regional Nodes 

Andrew Zhang, Bruce G. Haffty, and Sharad Goyal

 Axillary Management

Routine axillary management involves either axillary lymph node dissection 
(ALND), sentinel lymph node biopsy (SLNB), radiation therapy (RT), or a combi-
nation of both. Patients that are clinically node negative (cN0) can be treated with 
either therapy alone. An Italian trial randomized cT1N0 patients aged 18–65 years 
to either whole breast irradiation (WBI) with ALND or radiation, showing that the 
later arm experienced 9% nodal involvement with a median follow-up of 10.6 years 
[1]. In elderly patients, Martelli et al. showed that in 238 cN0 patients aged 65–80 
who were initially treated with quadrantectomy and similarly randomized, the 
15-year cumulative incidence of overt axillary disease in the radiation alone arm 
was only 6% [2]. The NSABP B-04 also trial demonstrated that among cN0 patients 
treated with axillary dissection, axillary radiation, and no axillary treatment, nodal 
recurrence as the first recurrence event was seen in 4%, 4%, and 6% of the random-
ized arms, respectively.

This suggests that certain patient populations with cN0 have acceptably low risk 
of recurrence with or without ALND. Specifically in elderly T1N0 and estrogen 
receptor-positive (ER+) patients, axillary treatment can be omitted altogether. 
Hughes et al. showed that women with early-stage breast cancer and favorable 
receptor profiles who are 70 years of age or older can be treated with tamoxifen 
alone. Ipsilateral breast recurrence was 8% with tamoxifen alone and 2% with 
tamoxifen and radiation, while axillary recurrence was 1% and 0%, respectively [3]. 
Other studies have also found similar results in elderly patients [4].
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NSABP B-06 randomized women with stage I and II breast tumors less than 
4 cm in greatest diameter to either simple mastectomy, lumpectomy, or lumpectomy 
followed by WBI. Axillary dissection of the lower two levels of lymph nodes was 
performed regardless of the treatment assignment. Radiation was delivered 50 Gy 
with tangents alone, not including supraclavicular or internal mammary fields. 
Despite 38% of patients having pathologically positive lymph (pN+) nodes, nodal 
recurrence was only 5%. This is in part attributable to both the ALND as well as the 
tangential radiation fields incidentally sterilizing microscopic disease in the axillary 
levels I and II lymph node basins.

Conversely, patients who are clinically node positive (cN+) in the axilla should 
be treated primarily with ALND instead of upfront RT since 46–50 Gy of radiation 
alone cannot fully eliminate gross axillary disease. NSABP B-04 showed that 1% of 
cN+ patients treated with radical mastectomy and ALND had axillary recurrence 
compared to 11% of those treated with total mastectomy and radiation [5]. Strom 
et al. demonstrated that in their cohort of 1031 patients treated with mastectomy and 
doxorubicin-based chemotherapy, only 21 patients experienced recurrence in the 
low-mid axilla. While 90% of patients received an ALND of ten or more LNs, 
among the 100 patients (10%) who received an ALND fewer than ten nodes (1% of 
patients received an ALND of fewer than five nodes), only three patients experi-
enced an axillary recurrence. The risk of failure in the low-mid axilla was not sig-
nificantly increased based on number of involved nodes, percentage of involved 
nodes, nodal size, or gross extra-nodal extension (ECE) [6].

While ALND serves both a therapeutic and diagnostic role, it also has been asso-
ciated with surgical complications and arm lymphedema in 12–20% of the cases [7]. 
With the introduction of the less morbid sentinel lymph node biopsy (SLNB), rates 
of lymphedema, shoulder dysfunction, loss of sensation in the distribution of the 
intercostobrachial nerve, infection, length of hospital stay, time to resumption of 
normal day-to-day activities after surgery, and quality of life have dramatically 
improved [8]. Thus, ALND is typically reserved for patients who present with high 
nodal burden, fixed or matted nodes, when an SLNB reveals extensive ECE or when 
SLNs cannot be identified.

SLNB represents a strategy for directed sampling that increases the probability 
of identifying positive nodes, thus allowing fewer nodes to be removed without 
increasing the axillary failure rate. SLNBs have been validated showing a low false- 
negative rate (FNR) of <10% and a low axillary recurrence rate of <5% [9, 10]. 
Consequently, treatment decisions based on a negative SLNB are considered equiv-
alent to those based on negative ALND. This is supported by the NSABP B-32 
study, which demonstrated that SLNB in patients achieves the same survival and 
regional control as ALND with acceptable side effects [11]. Five thousand six hun-
dred eleven patients with invasive breast cancer and cN0 axilla were identified and 
randomized to either SLNB with ALND (N = 2807) or SLNB alone (N = 2804). 
Although the FNR was 9.7% for the SLNB alone arm, which was corroborated by 
a large meta-analysis of 69 trials and 8059 patients also showing a FNR of about 
7.3% [12], 8-year follow-up shows no statistical benefit in overall survival (92.9% 
vs. 91.6%), disease-free survival (75.1% vs. 76.1%), or local-regional control 
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between either arms. The authors concluded that when SLNB is negative, there is 
no further need for ALND and that SLN surgery alone is an appropriate, safe, and 
effective therapy for breast cancer patients with clinically negative lymph nodes. 
Although previous B-32 results did show that ALND was associated with high 
patient-reported morbidity in terms of arm range of motion and sensory defects 
compared to SLNB alone, SLNB does however increase the risk of lymphedema 
and functional and neurological deficits [13].

Recently, the standard of care that mandated performing an ALND in node- 
positive patients was reexamined after the publication of International Breast Cancer 
Study Group (IBCSG) 23-01 and the American College of Surgeons Oncology 
Group (ACOSOG) Z11 studies [14, 15]. The IBCSG 23-01 study randomized 931 
patients with micrometastatic (<2 mm) deposit in the SLNB to ALND or no addi-
tional surgery [16]. The majority of the patients (97%) received adjuvant RT with-
out regional nodal irradiation (RNI). In the ALND arm, additional axillary nodal 
involvement was detected in 13% of the patients. There was no difference in the 
overall survival or disease-free survival between the two study arms. Although the 
study closed before meeting target accrual, the authors concluded that breast cancer 
patients with limited SLN involvement could be spared from the morbidity of an 
ALND.

In contrast to the IBCSG 23-01, the ACOSOG Z11 study randomized 856 
patients out of a planned 1900 patients with clinically T1-2N0 breast cancer after 
lumpectomy and a pathologically positive SLNB, which included one or two mac-
rometastatic SLNs, to either ALND or no further treatment [17]. Patients were 
excluded if they received neoadjuvant chemotherapy or hormonal therapy, were 
bilateral or multicentric breast cancers, had matted nodes, or had ≥3 LN with dis-
ease. Z11 did not reveal a significant difference in OS (91.8% vs. 92.5%) and DFS 
(82.2% vs. 83.9%) between the study arms. In ALND group, axillary dissection 
revealed additional metastases in 27.3% of the patients. Assuming an equal percent-
age of positive nodes is left untreated in the no dissection arm, a higher regional 
failure would be expected. However, 5-year breast recurrences were 3.1% in the 
ALND arm vs. 1.6% in the SLNB-alone arm (NS) while axilla recurrences were 
0.5% vs. 0.9% (NS), respectively.

This nonsignificance could be explained in part due to favorable patient popula-
tion selection. The majority of the patients in the above trial had ER-positive (80%), 
T1 (69%), single-positive SLN (65%) disease. Adjuvant systemic therapy was given 
to 97% of the patients (hormones 46%, chemotherapy 58%). Despite adjuvant RT 
given with tangents alone without dedicated axillary treatment, the lower lymphatic 
regions I–II would still receive some dose. Of note, a third field directed to the 
supraclavicular and axillary region was used in up to 18% of the patients whose 
radiation data were available [18].

Additionally, the use of fine needle biopsy over ALND has also been substanti-
ated among node-positive patients with clinically high nodal burdens of disease 
who receive neoadjuvant chemotherapy. ACOSOG Z1071 showed that FNB resulted 
in a FNR of 12.6% in cN1 disease and an FNR of 0% in cN2 disease [19]. FNRs 
were also lower when three or more SLNs were evaluated compared to only two 
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SLNs being evaluated (9.1% vs. 21.1%, p = 0.007) and when dual-agent mapping 
was implemented rather than single-agent mapping (10.8% vs. 20.3%, p = 0.05).

The risk of local-regional recurrences in breast cancer patients with clinically 
negative nodes and the role of radiation instead of an ALND dissection have also 
been examined in the EORTC 10981-22023 AMAROS trial. Four thousand eight 
hundred six patients were randomized to receive either ALND alone or RT alone 
following a positive SLNB. Five-year axillary recurrence rates were nonsignificant: 
0.43% after ALND vs. 1.19% after RT. However, lymphedema rates were 23.2% vs. 
10.8% (p < 0.0001) in favor of the RT arm. Notably, the EORTC/AMAROS trial 
provides additional data contributing to the low regional failure rates in the Z11 
study by restating the regional nodal irradiation ability to eradicate subclinical dis-
ease remaining after excision of the positive SLNs.

When patients do receive conservative therapy and axillary LN dissection, how-
ever, Mehta and Haffty showed that patients may forgo radiation to the dissected 
region despite node-positive disease [20]. In 51 of 1040 patients treated with con-
servative surgery and radiation therapy and found with four or more positive lymph 
nodes, only 2 patients of the 51 patients experienced LN failures (one supracla-
vicular and one axillary/supraclavicular) and both failed within the irradiated vol-
ume. Of the 51 patients, 40 patients received RT to the supraclavicular region 
without axilla to a median dose of 46 Gy, 10 patients received radiation to the 
supraclavicular region and axilla to a median dose of 46 Gy, and 1 patient received 
tangents alone. Forty nine of the 51 patients (96%) received adjuvant therapy. Of 
the 40 patients treated to the supraclavicular fossa (omitting complete axillary 
radiation), none failed in the dissected axilla, suggesting that conservative therapy 
with ALND and radiation therapy is acceptable. Actuarial statistics reveal a 10-year 
distant metastases-free rate of 65%, 10-year nodal recurrence-free rate of 96%, and 
a 10-year breast recurrence-free rate of 82%. Patients who require irradiation to the 
dissected axilla include those patients with ECE, >9 positive lymph nodes, or those 
with fixed or matted nodes upon presentation.

 Supraclavicular and Internal Mammary Management

NSABP B-06 demonstrated that for patients with either positive or negative axillary 
LNs found on ALND treated by lumpectomy and radiation compared to lumpec-
tomy alone, local-regional nodal control was improved with the addition of radia-
tion, with 17 (2.7%) vs. 56 (8.8%) of patients first failing locally and 34 (5.4%) vs. 
55 (8.7%) patients first failing in the regional nodes, respectively [21]. This suggests 
that while radiation after lumpectomy is effective in controlling local-regional post-
surgical microscopic disease, the regional LN failures are rare even without radia-
tion. Other studies have shown that in patients with one to three axillary LN that are 
positive on dissection, supraclavicular failures (1–2%) are low with tangential radi-
ation alone without intentional nodal irradiation [22, 23]. Patient with four or more 
axillary LN positive for disease may experience slightly higher rates of supracla-
vicular failures (3–5%) [24].
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In pathologic N1 (pN1) breast cancer patients treated with mastectomy or 
breast- conserving treatment, but without supraclavicular RT, retrospective analysis 
has shown that statistically significant prognostic factors for supraclavicular node 
recurrence included lymphovascular invasion (p < 0.0001), ECE (p < 0.0001), the 
number of involved axillary nodes (p = 0.0003), and the level of involved axillary 
nodes (p = 0.012). Five-year supraclavicular RFS showed that patients with two or 
more factors showed a significantly higher recurrence rate than did patients with 
fewer than two factors (96.8% and 72.9%, respectively; p < 0.0001). Of the 448 
patients included in this review, treatment failed in 101 patients (22.5%), and only 
39 patients (8.7%) had supraclavicular node recurrence [25].

The management of IM nodes is controversial. Sentinel lymph node (SLN) map-
ping often identifies nonaxillary nodes, although the ability to identify these nodes 
does not imply a clinical benefit for biopsy or removal. Four early randomized trials 
showed no survival benefit from IM nodal dissection as compared in the absence of 
chemotherapy [26–29]. Furthermore, given the advent and usage of adjuvant sys-
temic therapy (both chemotherapy and hormonal therapy), the importance of IM 
management has diminished over time. However, several recently published studies 
have demonstrated a survival benefit to chest wall or WBI with RNI by addressing 
postsurgical axillary residual microscopic disease subclinical disease in the supra-
clavicular (SCV) and internal mammary nodes (IMN) not accessible to surgery.

The Canadian MA.20 intergroup study showed the benefit for RNI in node- 
positive or high-risk node-negative disease [30]. One thousand eight hundred thirty- 
two women were randomized after lumpectomy, ALND, and adjuvant therapy (91% 
of patients received adjuvant chemotherapy and 71% received hormonal therapy) to 
either WBI with or without regional nodal coverage (axillary, SCV, and ipsilateral 
IMN in the upper three intercostal spaces). Eighty-five percent of patients had one 
to three positive nodes. Regional nodal irradiation improved 10-year DFS (82% vs. 
77%, HR 0.76, p = 0.01), distant DFS (86.3% vs. 82.4%, HR 0.76, p = 0.03), and 
isolated local-regional DFS (95.2% vs. 92.2%, HR 0.59, p = 0.009). Certain high- 
risk patient populations on subgroup analysis (especially those with negative estro-
gen and progesterone receptor statuses) benefited from RNI. Overall survival was 
not significant.

Similarly, the EORTC 22922/10925 study randomized 4004 node-positive or 
node-negative breast cancer with central or medial tumors after lumpectomy or 
mastectomy and adjuvant therapy (85% of patients received either chemotherapy, 
hormonal therapy, or both) to either RNI or observation [31]. At a median follow-up 
of 11 years, RNI improved DFS (72.1% vs. 69.1%, HR 0.89, p = 0.04), distant DFS 
(78% vs. 75%, HR 0.86, p = 0.02), and breast cancer mortality (12.5% vs. 14.4%, 
HR 0.82, p = 0.02).

The relative reduction of 24% of distant metastasis seen in the MA.20 study was 
substantiated in the EORTC study and is probably due to the reduction in regional 
nodal recurrence and subclinical regional nodal disease [32, 33]. Interestingly, OS 
was nonsignificant in both studies. However, a meta-analysis of both studies showed 
a significant improvement of OS (HR 0.88, CL 0.78–0.99) with absolute benefits at 
10 years of 1% in the MA.20 trial and 1.6% in the EORTC trial [34]. Subgroup 
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analysis suggests that patient with N0 disease and a complete ALND (>10 nodes) 
has a larger OS advantage from RNI than N1-3 disease or an incomplete ALND. 
Further investigation remains necessary to identify patients who benefit the most 
from RNI.

Recently, a prospective Danish study reported the results of 3089 early-stage 
breast cancer patients treated according to the national guidelines that directed RNI 
(including IM nodes) of all right-sided disease but RNI (excluding IM nodes) of all 
left-sided disease [35]. RT was given 48 Gy in 24 fractions regardless of cancer 
laterality. With a median follow-up of 8.9 years, the overall survival rates (75.9% 
vs. 72.2%, HR 0.82, p = 0.005), breast cancer mortality (20.9% vs. 23.4%, HR 
0.85, p = 0.03), and risk of distant recurrence (27.4% vs. 29.7%, HR 0.89, p = 0.07) 
all favored internal mammary irradiation. Subgroup analysis suggested that tumor 
size ≥51 mm and ≥4 axillary nodes positive (especially if the primary cancer was 
in the lateral quadrants) predicted an overall survival benefit for internal mammary 
irradiation.

The Danish study suggested that the effect of treating the internal mammary 
nodes depended on risk of IM node metastasis. In contrast, an older study examin-
ing the dissection of internal mammary nodes in T1-3, N0-1 invasive breast cancer 
patients who underwent either Halsted mastectomy or extended mastectomy with 
regional node dissection without postoperative RT showed that, in 30 years, the dis-
section of internal mammary nodes does not improve the survival of patients. 
However, the prognostic value of axillary and internal mammary nodal positivity is 
high as it impacts overall survival. Annual death rates were 0.163 with both sites 
positive, 0.077 with axillary LNs positive, 0.055 with internal mammary nodes 
positive, and 0.031 with neither site positive for disease [29].

 Post-mastectomy Radiation Therapy

Locally advanced breast cancer was initially treated with aggressive surgery before 
chemotherapy was available. Patients who underwent radical mastectomy per-
formed poorly, with 5-year survival rates around 25% [36]. The majority of these 
patients unfortunately developed and succumbed to metastatic disease. With the 
advent of trimodality therapy including chemo/endocrine therapy, radiation, and 
new surgical procedures, 5-year survival rates increased to 80% with patients with 
stage IIIA disease and 45% with stage IIB disease [37]. Local-regional control, 
distant disease-free survival also dramatically improved [38].

Patients treated with upfront surgery (usually lumpectomy, total mastectomy, or 
modified radical mastectomy) are at risk for recurrence either in the chest wall or 
regional lymphatics [39]. Among patients who recur, major risk factors include the 
gross extent of tumor and local-regional LNs involved. Earlier studies have sug-
gested that local-regional irradiation improves survival by reducing these recur-
rences not prevented by systemic therapy [40, 41]. Overall, the majority of trials 
have demonstrated benefit for patients with T4 disease and at least four lymph 
nodes pathologically positive for disease on sentinel lymph node biopsy or axillary 
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lymph node dissection. Small breast cancers (T1-2) and lymph node-negative 
patients have not experienced significant benefit from post-mastectomy radiation 
therapy (PMRT).

An earlier study NSABP B-04 aimed to determine whether patients with either 
clinically negative or clinically positive axillary nodes who received local or regional 
treatments other than radical mastectomy would have similar outcomes with radical 
mastectomy. The first cohort with clinically positive LNs was randomized to either 
radical mastectomy or total mastectomy with PMRT and the second with clinically 
negative LNs was randomized to either radical mastectomy and ALND, total mas-
tectomy and ALND if evidence of nodal recurrence, or total mastectomy with 
PMRT. Radiation was delivered 50 Gy to the chest wall and axilla with a 10–20 Gy 
boost if patients were clinically lymph node positive and 45 Gy to internal mam-
mary and supraclavicular lymph nodes.

At 25-years follow-up, no overall survival difference or local-regional recur-
rence was seen among the clinically lymph node-positive (cN+) group [42]. 
However, among the clinically lymph node-negative (cN0) group, total mastec-
tomy with PMRT showed a substantial improvement in terms of local-regional 
control compared to total mastectomy alone. Of note, a total of 40% of patients 
with cN0 treated with radical mastectomy had pN+, suggesting that probably a 
substantial percentage of patients in the cN0 total mastectomy with PMRT arm 
were also pN+. Therefore, the local control benefit probably was derived from 
these N+ patients that were initially thought to be cN0. Interestingly, the local 
control was similar in both arms of the cN+ patients. Most likely, this suggests that 
while the total mastectomy arm with RT recurred more likely in the axilla, the radi-
cal mastectomy arm occurred more often in the supraclavicular region, where sur-
geons were unable to dissect. Overall, B-04 suggested that PMRT may very well 
have a benefit in patients with pN+ disease, regardless if lymph nodes are sus-
pected on physical exam. This study did not include patients who received sys-
temic therapy and did not examine exactly how many LN needs to be involved to 
benefit from PMRT in subgroup analysis.

Both of these concerns were in part answered by the Danish group who exam-
ined both premenopausal and postmenopausal high-risk post-mastectomy patients. 
In both the Danish 82B premenopausal and Danish 82C postmenopausal studies, 
high risk was defined by either positive axillary LNs (≥N1), tumor size >5 cm (T3), 
or invasion of skin or pectoral fascia (T4) [43, 44]. All patients received total mas-
tectomy and ALND with a median of seven LN removed followed by a randomiza-
tion to receive systemic therapy alone (CMF in 82B or tamoxifen in 82C) or 
concurrent systemic therapy and RT (CMF in 82B or tamoxifen in 82C). Radiation 
was prescribed either 50 Gy in 25 fractions in 5 weeks or 48 Gy in 22 fractions in 
5.5 weeks of chest wall with electrons and regional lymph node including the supra-
clavicular, infraclavicular, and axillary lymph nodes with anterior photon field and 
IMNs with electron field (to first four intercostal spaces).

The Danish 82B and the 82C studies both found that the addition of radiation 
to the systemic therapy significantly improved disease-free survival at 10 years, 
with an increase from 34% to 48% and 24–36%, respectively. When patients were 
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analyzed based on the number of LNs positive, patients who were N0 did not 
experience a 10-year actuarial disease-free survival benefit in either study. But 
patients who were 1–3 LN+ did experience a 13–14% actuarial DFS benefit in 
both studies and a substantially larger DFS benefit of they had ≥4 LN+ (14–27% 
and 6–18%, respectively).

The number of LNs involved also translated to a modest overall survival benefit 
in both studies. The Danish 82B study showed an improvement in 10-year OS of 
around 10% regardless of whether patients were node positive or negative. 82C 
however only showed a benefit in LN+ patients, from 44 to 55% if 1–3 LN+, or 
17–24% in patients with ≥4 LN+ disease. The 82B subset analysis of patients who 
had 0–3 LN removed had the largest OS benefit compared to patients with 4–9 LN 
removed or >9 LNs removed, suggesting that adjuvant chemoradiation therapy, 
regardless of the number of lymph nodes positive, cannot compensate for inade-
quate surgical dissection. Other factors that influenced DFS and OS include age, 
tumor size, malignancy grade, and skin or deep fascia invasion. Of note, tamoxifen 
was only given 1 year in the 82 C trial, whereas newer studies have found that 
5-year treatment may improve survival outcomes [45].

When then patient population of 82B and 82C were combined examining patients 
with only eight or more LN removed, Overgaard et al. reported that radiation ther-
apy decreased LRR from 51 to 10% in patients with ≥4 LN+ and from 27 to 4% in 
patients with 1–3 LN+ in their 15-year follow-up [46]. Four patients were required 
to be treated to avoid one LRR in the ≥4 LN+ subgroup and five patients in the 1–3 
LN+ group. Overall survival was also statistically significant in both subsets.

Although it is standard treatment to treat PM patients with ≥4 LN+ with PMRT, 
studies have not all been consistent to recommend treating 1–3 LN+ patients with 
PMRT [47–49]. The British Columbia trial randomized 318 premenopausal women 
with LN+ breast cancer s/p modified radical mastectomy to either observation vs. 
hypofractionated radiation (37.5 Gy in 16 fractions) [50, 51]. While every outcome 
including overall survival, breast cancer-specific survival, systemic breast cancer- 
free survival, and event-free survival were statistically significant for all 318 patients 
showing that approximately a third of systemic breast cancer events and breast can-
cer deaths were mitigated by PMRT, subset analysis by the number of positive LNs 
showed that the majority of these benefits did not persist either in patients with 1–3 
LN+ or ≥4 LN+. Other studies also raised concerns about potential cardiac risk in 
especially younger patients which may offset the relatively modest survival benefits 
in patients with less LN disease burden [52].

The British Columbia trial did, however, describe that treating the chest wall can 
effectively eradicate the source of metastasis in more than 30% of patients who 
otherwise would be at risk of systemic dissemination. Local-regional control with 
RT having a systemic effect was seen only after 3–4 years of follow-up regardless 
of whether the patient had 1–3 LN+ or ≥4 LN+ suggesting that perhaps the abscopal 
effect of radiation benefits patients receiving chemotherapy additively.

In 2014, the EBCTCG published a meta-analysis of 8135 patients over 22 trials 
from 1964 to 1986 to ascertain the benefit of PMRT of patients with 1–3 LN+ [53]. 
Of all 3131 patients who are pN+, PMRT significantly decreased the risk of 
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local-regional recurrence at 10 years (26–8%), any first recurrence at 10 years 
(62.5–51.9%), and breast cancer mortality at 20 years (66.4–58.3%). When patient 
subsets were analyzed based on positive LNs, 1314 women with 1–3 pN+ and 1772 
women with ≥4 pN+ statistically benefited similarly. Among 1133 women with 1–3 
pN+ who received mastectomy and ALND along with chemotherapy, the benefits of 
radiation were more pronounced (Table 10.1).

The absolute difference of any first recurrence that radiation provides in case 
of these patients with chemotherapy was larger than the larger subset of 1–3 pN+ 
patients, also suggesting that the effect of local-regional radiation impacting dis-
tant disease may work in conjunction with patients receiving chemotherapy. 
Although the data for PMRT in 1–3 LN+ patients is convincing, there is currently 
no consensus statement to recommend radiation treatment for all patients who 
fall within this subset, especially patients with solitary micrometastatic disease 
(Table 10.2).

However, patients who have high-risk features, especially triple negative disease, 
have been shown by prospective randomized evidence to have a substantial RFS and 
OS benefit with adjuvant therapy and regional nodal radiation therapy after mastec-
tomy compared with adjuvant chemotherapy after mastectomy alone without a sig-
nificant change in the toxicity profile [54]. After a median follow-up of 86.5 months, 
5-year RFS rates were 88.3% vs. 74.6% for adjuvant chemotherapy plus radiation and 
adjuvant chemotherapy alone, respectively (HR 0.77, p = 0.02). Five-year OS also 
improved 90.4% vs. 78.7% in favor of radiation (HR 0.79, p = 0.03).

 Neoadjuvant Chemotherapy and Adjuvant Radiation

For patients with non-resectable and advanced primary tumors, neoadjuvant chemo-
therapy use has increased in the recent years because of the potential to downstage 
disease. Nearly 80% of patients on neoadjuvant chemotherapy experience a decrease 
in tumor size [55]. Further, the subset of these patients who obtain a complete path-
ological response also experiences the lowest risk of local-regional failure, substan-
tiating the idea that pathologic response to chemotherapy can also influence the use 
of adjuvant and regional nodal irradiation.

Table 10.1 EBCTCG meta-analysis data on the effect of radiotherapy (RT) after mastectomy and 
axillary lymph node (ALN) dissection on risk of local-regional recurrence (LRR), any first recur-
rence, and breast cancer mortality by number of lymph nodes involved. Values are all statistically 
significant (p < 0.05)

LRR (10 years)
Any first recurrence 
(10 years)

Breast cancer 
mortality (20 years)

No RT RT Abs No RT RT Abs No RT RT Abs

N = 1314, 1–3+ ALN 20.3 3.8 16.5 45.7 42.3 3.4 50.2 42.3 7.9

N = 1133, 1–3+ ALN 21.0 4.3 16.7 45.5 33.8 11.7 49.4 41.5 7.9

N = 177, ≥ 4+ ALN 32.1 13 19 75.1 66.3 8.8 80.0 70.7 9.3
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Two NSABP trials (B-18 and B-27) addressed these issues by randomizing 
patients with stages T1-3 and N0-1 breast cancer to either neoadjuvant or postopera-
tive chemotherapy [56]. In NSABP B-18, neoadjuvant doxorubicin and cyclophos-
phamide (AC) demonstrated an objective clinical response in 79% of patients, of 
which 43% was a clinical partial response (cPR) and 36% was a clinical complete 
response (cCR). Thirteen percent had a pathologic complete response (pCR). 
Preoperative chemotherapy patients also experienced an increased incidence of 
pathologically negative axillary nodes compared with postoperative chemotherapy 
patients (58% vs. 42%, respectively; p < 0.0001). NSABP B-27 showed that the 
addition of docetaxel to AC preoperatively increased clinical response rates from 86 
to 91% (p < 0.001), cCR from 40 to 63% (p < 0.001), and pCR from 13 to 26% 
(p < 0.001) [57].

Although neither study showed a statistically significant survival advantage with 
either arms, certain subsets of patients benefit from neoadjuvant chemotherapy. 
Patients who experience a pCR, for example, experience significant OS (HR = 0.32, 
p < 0.0001) and DFS (HR = 0.47, p < 0.0001) benefits compared to those who have 
a partial or no response. This is in part due to cPR patients having the lowest risk of 
local-regional recurrence. Similarly, pathologic nodal status by number of lymph 
nodes involved at the time of surgery was also an excellent indicator of OS and 
DFS. Node-positive patients who received neoadjuvant chemotherapy followed by 
mastectomy and found have residual disease exhibit recurrence rates from 11 to 
22%. Node-positive patients who have a cPR have a local-regional recurrence rate 
of 0%.

Regarding age, women less than 50 years of age seemed to benefit the most from 
preoperative chemotherapy. This is likely because younger women are more likely 
to have receptor-negative disease, which has been shown to have a better pathologic 
response to early initiation of adjuvant systemic therapy than receptor-positive 
tumors [58]. A small series has shown that patients whose tumors were ER negative 
were more likely to achieve a pCR than patients who were ER positive (21.6% vs. 
8.1%, p < 0.001) [59]. Women who are 50 years of age or older, however, had better 
outcomes with postoperative chemotherapy. This is most likely because the delay in 
delivering hormonal therapy with receptor positive tumors negatively impacts sur-
vival (Figs. 10.1 and 10.2).

Unfortunately, the data that are available for treating locally advanced breast 
cancer after neoadjuvant chemotherapy are mostly small single-arm institutional 
analyses. Huang et al. conducted a pooled analysis of 542 patients treated on six 
consecutive institutional prospective trials with neoadjuvant chemotherapy and 
showed that PMRT reduced local-regional recurrence for patients with clinical T3 
or T4 tumors, pathological tumor size >2 cm, or four or more positive LNs [60]. 
Similarly, PMRT improved cause-specific survival (CSS) patients with stage ≥ IIIB 
disease, clinical T4 tumors, and seven or more positive nodes. Among the 20% of 
patients who achieved a pCR, PMRT still had a significant impact on LRR rates, 
with 10-year LRR rates improving from 33 to 3% (p = 0.006). On multivariate 
analysis, the lack of radiation had the largest 10-year LRR hazard of 4.68 
(p < 0.0001), more so than stage ≥IIIB (HR = 2.38, p = 0.001) or minimal or worse 
clinical response to chemotherapy (HR = 1.88, p = 0.021).
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Fig. 10.1 (a, b) Comprehensive nodal irradiation involves coverage of the axillary level I (yel-
low), level II (pink), level III (teal), supraclavicular (dark blue), and internal mammary (green) 
lymph nodes typically with a three-field technique. The first two tangential fields are half beam 
blocked to avoid overlap with the third supraclavicular field. Field angling and multi-leaf collima-
tors are used to minimize heart (magenta), lung (pale blue), spinal cord, and humeral head doses

Fig. 10.2 Comprehensive nodal irradiation with proton therapy involves a supraclavicular field 
and a primary field (a, b), which cover the PTV breast (red), internal mammary nodes (magenta) 
(c), and supraclavicular and axillary lymph nodes I–III (teal) (d). The dose delivered spares the 
majority of the lung and heart while providing adequate PTV coverage. The dose wash border 
represents 95% of total dose
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Therefore, adjuvant radiation may be beneficial especially for locally advanced 
tumors with high nodal burden. Currently, randomized phase III studies are being 
conducted to determine the need for PMRT and regional nodal irradiation specifi-
cally in early-stage pathologic node-positive breast cancers. NSABP B-51 is cur-
rently enrolling those with a complete nodal response to neoadjuvant chemotherapy 
to either WBI with RNI vs. WBI without RNI if patients underwent a lumpectomy 
or PMRT with RNI vs. no additional radiation if patients underwent a mastectomy. 
In patients who remain node positive on intraoperative SLNB, the Alliance A011202 
trial randomizes similar patients to either ALND and RNI (without RT to the dis-
sected axilla) or RNI covering all lymph node basins. Both trials are currently 
enrolling patients and the data is not currently available.

 Conclusion

Nodal management in breast cancer patients has rapidly evolved over the last decade 
to include minimally invasive diagnostic procedures such as SLNB instead of the 
more morbid ALND as well as comprehensive nodal irradiation. While nodal irra-
diation in patients with 1-3 lymph nodes is controversial in the post-mastectomy, 
high-risk node-positive patients have been shown to benefit from comprehensive 
nodal irradiation including the internal mammary nodes.
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11Triple-Negative Breast Cancer

Tiffany P. Avery

 Introduction

Triple-negative breast cancer (TNBC) lacks expression of the three markers that 
define breast cancer subtypes and treatment: estrogen receptor (ER), progesterone 
receptor (PR), and Her-2/neu. The clinical features, relapse patterns, and treatment 
of TNBC differ from other types of breast cancer. Compared to other breast cancer 
subtypes, triple-negative breast cancer tends to be a higher grade, more aggressive 
tumor that presents at later stages among younger women [1]. Interval tumors, 
which develop rapidly and are detected within 12 months of a normal screening 
exam, tend to be TNBC [2]. Compared to endocrine-responsive tumors, TNBC 
tends to relapse earlier after an initial early stage diagnosis, with the highest risk of 
relapse in the first 3 years. While ER-positive cancer tends to relapse several years 
later, TNBC relapse is rare after 10 years [2]. When distant relapse recurs, TNBC 
tends to relapse in visceral organs, rather than the bone. Overall survival is shorter 
among metastatic patients with TNBC compared to other breast cancer subtypes. 
Systemic treatment of TNBC is limited to chemotherapy for early stage and meta-
static patients. In contrast to ER/PR+ and Her-2-overexpressed types of breast can-
cer, there are no targeted agents for TNBC. Current research efforts are focused on 
identifying treatable targets in TNBC to impact prognosis and survival, just as endo-
crine therapies and Her-2-directed therapies have impacted ER/PR + and Her-2- 
overexpressed breast cancers. Different molecular subtypes of TNBC have been 
identified. Identifying molecular targets by subtypes and tailoring treatments 
according to subtype is a promising emerging approach to TNBC tailored therapy.
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 Epidemiology and Risk Factors

Epidemiologic studies have shown that the incidence of TNBC is highest among 
African-American women compared to other racial and ethnic groups within the 
USA. In the Carolina Breast Cancer study, 42% of women with TNBC were 
African-American, and 20% were White women [3]. In a study of the California 
Cancer Registry, which included over 6,000 TNBC patients, 25% of the TNBC 
patients were African-American compared to 10.8% who were White and 17% who 
were Hispanic [4]. In the Nashville Breast Health Study, Cui et al. reported that 
among 1,866 breast cancer cases, African-American women were more likely to 
have TNBC and to be diagnosed at a younger age than the White patients in this 
cohort [5]. Similarly, in cohort studies of TNBC patients in several US cities., 
including Washington D.C., Philadelphia, Atlanta, and Boston, African-American 
women represented from 21 to 46% of TNBC patients compared to White women 
who represented 10–20% [6]. Patients diagnosed with triple-negative breast cancer 
also tend to be younger at diagnosis than patients with other types of breast cancer. 
In the California Cancer Registry study, 63% of the patients with triple- negative 
tumors were diagnosed before the age of 60 compared with less than half among 
patients of other tumor types [4, 6]. In the Carolina breast study, patients with triple-
negative breast cancer were five times as likely to be younger than 40 compared to 
those patients with ER/PR-positive tumors [4, 6].

A few possible risk factors for developing triple-negative breast cancer have 
emerged, particularly in African-American women. The Women’s Circle of Health 
Study which included 786 African-American women with breast cancer showed 
that having children increased the risk of triple-negative breast cancer but that 
breast- feeding reduced the risk of ER-negative cancer associated with parity [7]. 
Results from the African-American Breast Cancer Epidemiology and Risk (Amber) 
Consortium had similar findings. This study included 567 African-American women 
with triple-negative breast cancer and found that compared to women with other 
types of breast cancer, lactation was associated with a reduced risk of developing 
ER-negative cancer. Additionally ER-negative cancer risk increased with each addi-
tional birth among women who had not breastfed [8]. It has been estimated that 
breastfeeding for at least 4–6 months decreases the risk of triple-negative breast 
cancer by 25–50% among parous women [9].

Obesity in premenopausal women has been implicated as a risk factor for the 
development of TNBC. In a study of 620 patients in a rural population with high 
rates of obesity, there was an association of TNBC among younger women who 
were obese [10]. Similarly, a study by Kwan et al. confirmed that among cases of 
TNBC, women who were premenopausal and developed breast cancer were more 
likely to be overweight or obese [11]. In the North Carolina Breast study, higher 
weight-to-hip ratio was associated with increased risk of developing TNBC [3]. In 
a population-based study of 2,659 women with invasive breast cancer, premeno-
pausal women with body mass index (BMI) >30 kg/m2 were found to have an 82% 
increased risk of TNBC compared to women with BMI measurements that were less 
than 25 kg/m2. Women in the highest quartile of weight had a 79% increased risk of 
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TNBC compared to those in the lowest quartile for weight [12]. A meta-analysis of 
the association between obesity and risk of developing TNBC also confirmed an 
association of obesity among premenopausal woman with development of TNBC 
[13]. Changes in BMI and obesity over time are also associated with development 
of TNBC. In a study by Kawai et al., women who had experienced a greater than or 
equal to 10 kg/m2 increase in body weight from age 18 to their current age had a 
twofold increase risk of developing TNBC compared to women who had less of a 
weight change over time [14]. In postmenopausal women, the impact of obesity is 
different than among premenopausal women. Studies of obesity among postmeno-
pausal women have shown an association between obesity and the development of 
ER-positive breast cancers. It appears, then, that the risk of obesity and develop-
ment of different types of breast cancer varies by age.

Genetics is also associated with development of TNBC. In particular, BRCA1 
mutations are associated with TNBC. A meta-analysis of over 2,500 breast cancer 
patients showed that patients who developed TNBC were more likely to be BRCA1 
mutation carriers compared to women with other types of breast cancer [15]. 
BRCA1 mutation carriers tend to be younger at diagnosis then non-mutation carri-
ers. A study of 400 patients found that the median age of diagnosis among BRCA1 
carriers was 39 years old and that the prevalence of BRCA1 mutations among 
women diagnosed younger than 40 was 36% [16]. The association of BRCA2 
mutations with TNBC has also been reported, with prevalence of mutations rang-
ing from 4 to 16%, depending on the patient population studied [17, 18]. Due to the 
association of BRCA mutations and TNBC, genetic testing for BRCA mutations in 
all patients diagnosed with TNBC before the age of 60 is recommended in clinical 
practice [19].

 Treatment of TNBC

Because triple-negative breast tumors do not express ER/PR receptors and do not 
overexpress Her-2/neu, current targeted strategies for breast cancer are ineffective. 
Chemotherapy remains the only treatment option for these tumors. Among patients 
with lymph node-positive disease, the addition of a taxane to a regimen of doxoru-
bicin and cyclophosphamide decreased recurrence and improved progression-free 
and overall survival compared to doxorubicin and cyclophosphamide alone [20, 
21]. Among women with lymph node-positive or high-risk breast cancer, a regimen 
of doxorubicin and cyclophosphamide followed by either every 3 week docetaxel or 
weekly paclitaxel resulted in improvement in disease-free and overall survival, 
respectively [22].

In the neoadjuvant setting, trials using combinations of anthracycline and tax-
anes have shown that pathologic complete response (the absence of invasive breast 
cancer in the surgical specimen) is higher with these regimens among patients with 
TNBC compared to other types of breast cancer. A retrospective analysis of 1,118 
breast cancer patients, Stage I–III, treated with neoadjuvant chemotherapy (NACT) 
showed that the patients with TNBC had significantly higher pathologic complete 
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response (pCR) rates compared with all other subtypes of breast cancer. Three- year 
progression-free survival (PFS) rates and overall survival (OS) rates were signifi-
cantly less among the TNBC group. However, if pCR was attained, there was no 
difference in OS. The most commonly used regimens included anthracyclines and 
taxanes in this analysis [23]. In a similar study, molecular classifications were per-
formed on 82 patients prior to undergoing NACT with paclitaxel followed by doxo-
rubicin and cyclophosphamide (AC) with 5-fluorouracil. Basal-like subtypes had 
the highest rates of pCR compared to tumors expressing hormone receptors [24]. In 
a study that retrospectively evaluated pCR and disease-free survival (DFS) of 151 
breast cancer patients who had been treated with neoadjuvant anthracycline and 
taxane regimens, the highest pCR rates were observed among the patients with 
TNBC (38% v 12%). Overall, patients with TNBC had worse DFS if they did not 
attain pCR. If pCR was obtained, there was no difference in DFS [25]. In a similar 
analysis, among 107 patients treated with neoadjuvant, anthracycline-based chemo-
therapy, clinical response was highest among the basal-like, TNBC subtype, and 
pCR was higher among basal-like TNBC compared to ER/PR + cancers [26]. 
Patients with basal- like subtypes had worse DFS and OS if pCR was not achieved.

Neoadjuvant chemotherapy trials performed in TNBC patients have shown that 
the addition of platinum agents to anthracycline- and taxane-containing regimens 
results in increased pCR among TNBC patients. The mechanism of action of plat-
inum agents, which causes inhibition of DNA transcription and replication, 
exploits the sensitivity of TNBC to agents that involve DNA repair [27]. CALBG 
40603 demonstrated a statistically significant improvement in pCR among TNBC 
patients when carboplatin was added to a standard anthracycline- and taxane-
containing regimen with bevacizumab. PCR rates improved from 41 to 54% with 
the addition of carboplatin [28]. The GeparSixto trial similarly demonstrated an 
improvement among TNBC patients in pCR with the addition of carboplatin to 
anthracycline, taxane, and bevacizumab. PCR rates improved from 36.9 to 53.2% 
with carboplatin. Further, DFS was also improved with carboplatin [29]. In a neo-
adjuvant study of cisplatin, epirubicin, and paclitaxel, 62% achieved 
pCR. Additional trials have examined the addition of carboplatin to standard 
anthracycline and taxane regimens. The pCR rates range from 30 to 54% with the 
addition of carboplatin [30].

In the metastatic setting, sequential, single-agent chemotherapy is a standard 
approach. A study of 69 patients with metastatic TNBC showed response rates of 
35% to single-agent cisplatin and 23% to single-agent carboplatin with some 
durable responses of several years in the patients treated with cisplatin [31]. 
Among clinical trials of single-agent carboplatin or cisplatin, response rates 
range from 18 to 68% [32]. In addition to platinum agents, standard single agents 
include anthracyclines, taxane, antimetabolites, and microtubule inhibitors. In 
patients with a high burden of visceral disease and good performance status, 
combination therapy may be undertaken for a faster reduction in tumor volume. 
Efficacious combinations in this setting include gemcitabine and paclitaxel, 
capecitabine and docetaxel, capecitabine and ixabepilone, and gemcitabine and 
carboplatin [33].
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 Targeted Therapies for TNBC

One of the challenges in treating TNBC lies in finding a suitable target for 
therapeutic options. Much of the progress in breast cancer outcomes and survival 
has been made due to targeted therapies, such as endocrine treatments for ER + 
disease and trastuzumab for Her-2-overexpressed cancer. Targets that have been 
studied to tailor TNBC therapy include poly-ADP-ribose polymerase (PARP) inhi-
bition, tyrosine kinase inhibitors, anti-angiogenic agents, and androgen receptor 
antagonists (Table 11.1).

PARP inhibitors are targeted agents that inhibit the activity of the PARP poly-
merase family of enzymes. These enzymes are essential in repairing DNA damage, 
particularly single-strand breaks through the base excision repair pathway [34]. In 
cells that are deficient in alternate DNA repair pathways, inhibiting the activity of 
PARP enzymes leads to cell death through synthetic lethality [34]. An example of 
synthetic lethality is illustrated by the use of PARP inhibitors in BRCA-mutated 
cancers. BRCA-mutated cells are deficient in the homologous recombination (HR) 
pathway for repair of DNA double-strand breaks. By inhibiting the activity of the 
PARP enzymes, the base excision repair pathway is also eliminated as a potential 
mechanism for DNA repair. Single-strand breaks can then accumulate, due to inef-
ficient base excision repair, and lead to double-strand breaks at replication forks. In 
this way, cell death can occur through synthetic lethality [35]. This concept has been 
tested clinically in populations of BRCA-mutated carriers and shown to be active in 

Table 11.1 Current clinical trials of targeted therapies in TNBC

Agent Target Stage Phase NCI number

Glembatumumab vedotin gpNMB Metastatic I NCT01997333

Panitumumab + 
chemotherapy

EGFR Neoadjuvant II NCT02593175

Selumetinib MEK Neoadjuvant II NCT02685657

Veliparib + lapatinib PARP, 
EGFR/Her-2

Metastatic Pilot study NCT02158507

Afatinib + paclitaxel EGFR Neoadjuvant II NCT02511847

Everolimus + eribulin PI3K/mTOR Metastatic II NCT02616848

Everolimus + cisplatin PI3K/mTOR Neoadjuvant II NCT1931163

Pemetrexed + sorafenib Multikinase 
inhibitor

Metastatic II NCT02624700

Sacituzumab govitecan Trop-2 Metastatic III NCT02574455

Trametinib + 
GSK2141795

AKT, MEK Metastatic II NCT01964924

Ipatasertib + paclitaxel AKT Metastatic II NCT02162719

BKM120, BYL719 + 
olaparib

PI3 kinase, 
PARP

Metastatic I NCT01623349

Enzalutamide AR Adjuvant Feasibility study NCT02750358

GTx-024 AR Metastatic II NCT02368691
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BRCA-mutated cancers [35]. A phase II trial of the PARP inhibitor, olaparib, in 
BRCA-mutated metastatic breast cancer patients showed objective response rates 
ranging from 21 to 44%. Over 50% of these patients had TNBC. Objective response 
rates ranged from 21 to 44% [35]. Since BRCA-mutated breast cancers and TNBC 
share clinical and pathologic characteristics, such as sensitivity to DNA-damaging 
agents, high pathologic grade, and high rate of p53 mutations, it is proposed that 
TNBC, which is most like BRCA-mutated breast cancer, is also deficient in the HR 
pathway [34]. This characteristic would render TNBC vulnerable to PARP inhibi-
tion in the same way as BRCA-mutated breast cancer. The use of PARP inhibitors in 
TNBC is an area of active research. A phase II trial of the intravenous PARP inhibi-
tor, iniparib (BSI-201), in combination with gemcitabine and carboplatin was per-
formed in a population of 120 women with metastatic, pretreated TNBC [36]. 
Clinical benefit rates were 62% in patients who had received BSI-208 versus 21% 
with chemotherapy alone. Progression-free and overall survival were also improved 
with the addition of BSI-201 [36]. A phase III follow-up study compared iniparib in 
combination with gemcitabine and carboplatin to gemcitabine and carboplatin alone 
in 519 women with metastatic, pretreated TNBC. The primary endpoints of overall 
survival and progression-free survival were not met. Subgroup analysis showed that 
there was a survival benefit in the group of women who had received two or more 
prior lines of treatment [37]. In vitro data has shown, however, that iniparib demon-
strates little or no ability to inhibit formation of PARP polymers or induce apoptosis 
in cell lines which are deficit in homologous repair pathway, such as BRCA-mutated 
cells [38, 39]. Further studies of agents with true PARP inhibition have shown 
promising results. A neoadjuvant study of the PARP inhibitor, veliparib, in combi-
nation with paclitaxel and carboplatin showed pCR rates that improved from 26 to 
51% with the addition of veliparib in TNBC. Potential biomarker candidates to 
predict pCR were also evaluated [40, 41]. This combination will be evaluated in a 
phase III trial.

The PI3K/AKT/mTOR pathway is frequently activated in breast cancer and is 
another area of active research. This pathway leads to cell survival through activa-
tion of a series of proteins, including AKT kinase and mTOR (mammalian target of 
rapamycin inhibitors) [42]. The pathway is activated by binding of a ligand to vari-
ous tyrosine kinase receptors, including HER proteins, EGFR, and IGF-1 (insulin 
growth factor) receptors [42]. This rich pathway presents a number of options for 
drug targets. A neoadjuvant study of an AKT inhibitor, MK-2206, in combination 
with standard chemotherapy showed a pCR rate of 40% [43]. The PI3K/AKT/
mTOR pathway provides stability of the homologous recombination repair path-
way, which is deficient among BRCA-mutated cells. Inhibition of AKT has been 
shown to render TNBC more sensitive to PARP inhibitors by inducing deficiencies 
in the HR pathway [42]. In an in vitro study of TNBC, the AKT inhibitor, buparlisib, 
was shown to sensitize TNBC cells to the PARP inhibitor, olaparib [44]. The 
tyrosine kinase inhibitor, neratinib, which inhibits binding of the ligand for ErbB 
and Her family of receptors, was evaluated in the neoadjuvant setting in all subtypes 
of breast cancer. While neratinib was found to be most efficacious in ER-, Her-2 + 
breast cancers, there was a subset of TNBC which showed pCR rates of up to 66% 
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with neratinib in combination with anthracycline and taxane. Molecular signatures 
of these responders show that these tumors showed phosphorylation of EGFR or 
Her-2/neu [45].

Antibody-drug conjugates are being tested in the treatment of TNBC. Sacituzumab 
govitecan is a humanized anti-Trop-2 antibody linked to a high concentration of 
SN-38, which is the active metabolite of irinotecan. Trophoblast cell-surface anti-
gen, Trop-2, is a target that is expressed in multiple solid tumors. The Trop-2 gene 
encodes a transmembrane calcium signal transducer, which is linked to cell migra-
tion. The gene is also referred to as tumor-associated calcium signal transducer 2 
(TACSTD2) [46]. Among breast cancer patients, increased expression of Trop-2 is 
linked to shorter survival [47]. Expression of TACSTD2 is active among TNBC cell 
lines [48]. A phase II trial of sacituzumab govitecan conducted in 58 TNBC patients, 
with a median of 4 prior therapies, demonstrated an overall response rate (CR + PR) 
of 31% and clinical benefit rate (CR+PR+SD) of 49%. Given that this study was 
conducted among a heavily pretreated population, these outcomes are very promis-
ing in patients with refractory TNBC [49]. Glembatumumab vedotin is an antibody- 
drug conjugate of the cytotoxin, monomethyl auristatin E, that targets glycoprotein 
NMB (gpNMB). gpNMB is overexpressed in a multiple tumor types and is a poor 
prognostic factor among breast cancer patients. A phase I trial glembatumumab 
vedotin among metastatic breast cancer showed response rates of up to 40% among 
TNBC patients with gpNMB overexpression [50].

 Targeted Therapies by TNBC Subtype

Different molecular subtypes of TNBC have been identified through gene expres-
sion profiling. Six molecular subtypes have been identified: two types of basal-like 
(BL1 and BL2), mesenchymal (M), mesenchymal stemlike (MSL), luminal andro-
gen receptor (LAR), and an immunomodulatory subtype (IM) [51]. These subtypes 
have been further refined in four subtypes (BL1, BL2, M, and LAR) [52]. The 
responses to neoadjuvant chemotherapy have been correlated by different subtypes 
and suggest varying responses to treatment among the different subtypes.

The luminal androgen receptor (LAR) type is characterized by hormonally regu-
lated pathways, expression of androgen receptors and display positivity for 
phosphatidylinositol- 4,5-bisphosphae 3-kinase subunit PIK3CA-α activating muta-
tions with less responsiveness to chemotherapy. This type of TNBC has the lowest 
responsiveness to chemotherapy, which is estimated to be about 10% pathologic com-
plete response rates in the neoadjuvant setting [53]. Preclinical models have suggested 
the utility of androgen receptor antagonist in the androgen receptor (AR)-positive 
TNBC. One study combined PI3K kinase inhibitors with an AR antagonist and showed 
inhibitory effects in laboratory models [51]. In a study of 50 metastatic TNBC patients 
with IHC >10% for AR, a 19% 6-month clinical benefit rate was achieved with single-
agent bicalutamide, an AR antagonist, [54]. Enzalutamide is an androgen receptor 
inhibitor that is approved for use in metastatic prostate cancer patients. Because of the 
mechanism of action, it is also a potential treatment for the AR subtype. A phase II 
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study of enzalutamide was conducted among TNBC patients with advanced disease. 
AR expression was measured by immunohistochemistry, and an androgen-driven gene 
signature was constructed by genomic profiling of tumors. Results were measured by 
those patients with tumors that displayed the androgen-driven signature (AR+) and 
those that did not (AR−). Of 118 patients enrolled, 47% of patients were AR+. Patients 
in this group had better outcomes, with a clinical benefit rate (CBR) of 39% and 36% 
at 16 and 24 weeks of follow-up, respectively. Among AR− patients, CBR was 11% 
and 7%, respectively. Among the AR+ group, progression-free survival was 16 weeks, 
compared to 8 weeks among the AR− group [55]. Median PFS extended to 32 weeks 
among patients who received enzalutamide in the first- or second-line setting.

The mesenchymal type of TNBC tends to be enriched in cell motility and interac-
tions of the extracellular matrix receptors. The IM subtype is represented by enrich-
ment in genes related to immune cell processes and may be a viable target for 
immunotherapies. The basal-like type shows enrichment in cell cycle pathways, 
increased expression of DNA damage response genes, and high Ki-67 expression [32].

 Immunotherapy in TNBC

Immunotherapy has changed the treatment landscape for several solid tumors, includ-
ing melanoma and lung cancer. Approved drugs, such as pembrolizumab, act by dis-
rupting binding of programmed death ligand 1 (PD-L1) expressed on tumor cells to 
PD-1 receptors on T-cells. Binding of PD-L1 to PD-1 results in T-cell inhibition. 
Blocking this interaction results in T-cell activation. There is evidence to suggest that 
immunotherapy may be a viable option in the treatment of TNBC patients and several 
clinical trials are ongoing (Table 11.2). The presence of tumor- infiltrating lymphocytes 
(TILs) is associated with better prognosis in TNBC. Higher numbers of TILS in 
patients with TNBC showed a strong correlation with prognosis in the GeparSixto 
neoadjuvant trial of TNBC patients. Higher levels of TILs in the tumor specimen 

Table 11.2 Current clinical trial of immunotherapy in TNBC

Agents Target Stage Phase NCI number

Pembrolizumab + chemotherapy PD-1 Neoadjuvant Ib NCT02622074

Pembrolizumab + eribulin PD-1 Metastatic Ib/II NCT02513472

Pembrolizumab + cyclophosphamide PD-1 Metastatic II NCT02768701

Pembrolizumab + niraparib PD-1, 
PARP

Metastatic I/II NCT02657889

Pembrolizumab + gemcitabine/
carboplatin

PD-1 Metastatic II NCT02755272

Atezolizumab + nab-paclitaxel PD-L1 Metastatic III NCT02425891

Veliparib + atezolizumab PARP, 
PD-L1

III-IV II NCT02849496

Pembrolizumab + chemotherapy PD-1 IV II NCT02734290

MEDI4736 + nab-paclitaxel PD-L1 Neoadjuvant I/II NCT02489448
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correlated with greater pathologic complete response rates [29]. Mittendorf and col-
leagues reported overexpression of programmed death ligand 1 (PD-L1) in 20% of 
patients with TNBC, which correlated with higher numbers of TILs [56]. Overexpression 
of PD-L1 suggests that antibodies to PD-L1 may be efficacious in TNBC. In a phase I 
clinical trial with pembrolizumab, a humanized monoclonal antibody that blocks inter-
action of PD-L1 and PD-L2 with PD-1 receptors, overall response rate among meta-
static TNBC patients was 18.5% with some durable responses. All patients on trial had 
tumors which stained positive for PD-L1 expression [57]. A phase I study of atezoli-
zumab, a humanized monoclonal antibody which inhibits PD-L1 binding to PD-1 and 
B7, in combination with nab- paclitaxel demonstrated that the combination was tolera-
ble with activity among metastatic TNBC patients [58].

 Conclusion

Triple-negative breast cancer remains the most difficult to treat of the breast cancer 
subtypes due to a lack of targeted agents. Ongoing clinical trials focused particu-
larly on targeted therapies, and immunotherapies offer the most promising future 
treatment alternatives. Refining treatment by subtype of TNBC is strategy that may 
also lead to progress in the treatment of TNBC. Among standard chemotherapy 
options, the use of platinum agents has impacted pCR rates in the neoadjuvant set-
ting and response rates in the metastatic setting. Studies of platinum agents in the 
adjuvant and neoadjuvant setting are ongoing to determine if this option should 
become a standard of care for TNBC.
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12New Treatments for Metastatic Breast 
Cancer

Ana Christina Garrido-Castro and Beth Overmoyer

 Introduction

As the mechanisms that mediate resistance to standard endocrine or HER2-directed 
therapies are elucidated, novel targets have emerged for the treatment of metastatic 
breast cancer (MBC). Blockade of oncogenic signaling pathways, cell-cycle regula-
tory checkpoints, or epigenetic modulators has become strategies of interest, expect-
ing to overcome or delay the appearance of resistance to standard regimens [1–5]. 
The investigation of these novel targeted therapies pertains to all subtypes of breast 
cancer. This changes the focus of classification away from traditional targets, e.g., 
hormonal and HER2 receptor, to a more global categorization of therapies that 
encompass the traditional targets. Several compounds are emerging after revealing 
promising preliminary antitumoral activity in phase I trials (Table 12.1). In this sec-
tion, we seek to review the most recent efforts in later-stage drug development for 
the treatment of MBC, focusing on novel molecular targets.
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 Targeting Checkpoints in Breast Cancer: Cell-Cycle 
and Immune Regulation

 Cell-Cycle Regulation: The Role of CDK and Cyclins  
in Breast Cancer

The transition into each phase of the cell cycle (G1, S, G2, and mitosis) is controlled 
by checkpoints wherein defects in DNA synthesis are detected [6]. Activation of these 
checkpoints induces cell-cycle arrest and enables DNA repair. A subset of three inter-
phase cyclin-dependent kinases (CDK2, CDK4, and CDK6), a mitotic CDK (CDK1), 
and ten cyclins (classified in four groups: A-, B-, D-, and E-type cyclins) form CDK-
cyclin complexes that regulate these checkpoints [7], as depicted in Fig. 12.1. 
Mitogenic stimuli result in expression of D-type cyclins which associate with CDK4 
and CDK6, producing hyperphosphorylation and inactivation of the retinoblastoma 
tumor suppressor protein (Rb) thus allowing transition from G1 to S phase. CDK2-
cyclin E complexes further phosphorylate and completely inactivate Rb, resulting in 
transcription and synthesis of numerous proteins that initiate S phase [8]. Cancer cells 
may overcome the restriction point in G1 phase through constitutive activation of 
cyclin D-CDK4/CDK6 or loss of pRb and other inhibitory proteins [9, 10].

Crosstalk between several oncogenic signaling pathways and cell-cycle machin-
ery has become patent in breast cancer (Fig. 12.1). Cyclin D1 can directly bind to 
ERα, even in the absence of estradiol, and induce ER-mediated transcription [11]. 
Cyclin D1 amplification, CDK4 gain, and a greater frequency of alterations of the 
Rb pathway have been reported in luminal A, luminal B, and HER2-enriched tumors 
[12]. In contrast to basal subtypes, ER-positive cancer cell lines have been proven 
the most sensitive to CDK4/CDK6 inhibitors [13]. CDK4/CDK6 inhibitors can also 
resensitize HER2-amplified tumors that have developed resistance to HER2- 
directed therapies by reducing TSC2 phosphorylation and attenuating mTOR sig-
naling [5]. Altogether, this evidence supports the rationale for the development of 
CDK4/CDK6 inhibitors in ER-positive and HER2-positive breast cancer, in combi-
nation with endocrine and other targeted therapies.

The current landscape of the treatment of ER-positive breast cancer has rapidly 
changed with the development of three selective CDK4/CDK6 inhibitors, palboci-
clib (PD0332991), ribociclib (LEE011), and abemaciclib (LY2835219), each with 
distinct pharmacokinetic and safety profiles. Abemaciclib has more potent inhibi-
tory activity against CDK4, compared to palbociclib and ribociclib [14], and can 
also penetrate the central nervous system (CNS) [15]. A greater incidence of fatigue 
and gastrointestinal disorders has been reported with abemaciclib, compared to 
higher-grade 3–4 neutropenia observed with the other CDK4/CDK6 inhibitors [16–
18]. In terms of efficacy (Table 12.2), palbociclib received US Food and Drug 
Administration (FDA) accelerated approval in combination with letrozole based on 
a 10-month progression-free survival (PFS) improvement in postmenopausal 
women who had no prior therapy for advanced ER-positive disease [19, 20]. 
Palbociclib was also approved in combination with fulvestrant following progres-
sion on prior endocrine therapy, based on data reported from the PALOMA-3 trial 
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Fig. 12.1 Crosstalk between cell-cycle machinery and oncogenic signaling pathways (Modified 
with permission from Garrido-Castro A.C., Goel S. Curr Breast Cancer Rep (2017)). The transi-
tion into each phase of the cell cycle (G1, S, G2, and mitosis) is tightly controlled by checkpoints 
that are regulated by CDK-cyclin complexes. Mitogenic stimuli activate intracellular signaling 
pathways (i.e., PI3K/AKT/mTOR, Ras/Raf/MAPK, JAK/STAT, etc.) that induce the expression of 
D-type cyclins (D1, D2, and D3). Cyclin D preferentially associates with CDK4 and CDK6, pro-
ducing hyperphosphorylation and inactivation of retinoblastoma (Rb) by uncoupling it from E2F 
transcription factors, thus allowing cell-cycle transition from G1 to S phase. In addition, these 
complexes partially inactivate the inhibitory pocket proteins RBL1 (also known as p107) and 
RBL2 (also known as p130), enabling the expression of E-type cyclins. CDK2-cyclin E complexes 
further phosphorylate and completely inactivate these pocket proteins and Rb. This results in tran-
scription and synthesis of numerous proteins that initiate S phase, such as dihydrofolate reductase 
(DHFR) and thymidylate synthase (TS). A-type cyclins drive the transition from S phase to G2 
during later stages of DNA replication and finally activate CDK1 to induce mitosis. After the rup-
ture of the nuclear membrane, degradation of A-type cyclins leads to binding of CDK1 to cyclin 
B, responsible for entry into mitosis. CDK activation is primarily controlled by binding to cyclins, 
which show a cyclical pattern of synthesis and degradation. In addition to decreasing levels of 
D-type cyclins as cells progress through S phase, endogenous inhibition of CDK4/CDK6 is also 
enabled by two families of CDK inhibitors: the INK4 family (p16INK4A, p15INK4B, p18INK4C, 
and p19INK4D) and the Cip/Kip family (p21, p27, and p57). Estrogen steroids, such as 
17-β-estradiol, promote cell-cycle progression by increasing CCND1 transcription, assembly of 
active cyclin D1-CDK4 complexes, and, ultimately, pRb phosphorylation. Cyclin D1 can also 
directly bind to ERα and induce ER-mediated transcription, even in the absence of estradiol
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[21, 22]. Recently, a randomized placebo-controlled phase III study, 
MONALEESA-2, met its primary endpoint by demonstrating a significant increase 
in PFS in patients treated with ribociclib and letrozole in the first-line metastatic 
setting [23]; at the time of writing, this combination awaits regulatory approval. 
Abemaciclib was granted FDA Breakthrough Therapy designation after revealing 
promising antitumoral activity in phase I/II studies, despite inclusion of heavily 
pretreated patients [18, 24]. Randomized phase III trials of abemaciclib in combina-
tion with hormonal therapies in the early-line metastatic setting are ongoing 
(NCT02107703, NCT02246621).

In HER2-positive disease, CDK4/CDK6 inhibitors are currently being explored 
in phase I/II trials combined with trastuzumab or the antibody-drug conjugate, 
trastuzumab emtansine (T-DM1), with or without endocrine therapy (NCT02657343, 
NCT02448420, NCT01976169, NCT02675231). Despite the absence of preclinical 
data favoring CDK4/CDK6 inhibition in triple-negative breast cancer (TNBC), 
other CDK targets are under investigation in this subtype. Dinaciclib, a potent inhib-
itor of CDK1, CDK2, CDK5, and CDK9, has demonstrated encouraging in vitro 
and in vivo activity [25, 26]. In addition, dinaciclib sensitizes TNBC cell lines to 
PARP inhibition [27], which encouraged the ongoing phase I trial in combination 
with veliparib (NCT01434316).

 Immune Checkpoint Blockade

The interaction between immunity and cancer has been subject of great interest over 
the past decades. However, not until recently have immunotherapeutic strategies 
demonstrated an improvement in patient outcomes in breast cancer. Neoantigens, 
i.e., peptides arising from cancer specific mutations, are processed by dendritic cells 
and presented on major histocompatibility class I (MHC-I) and class II (MHC-II) 
molecules to T cells [28]. The activation of effector T-cell responses against neoanti-
gens requires the establishment of an immunological synapse in which two signals 
must be present: (1) the interaction between the antigen-MHC complex and the T-cell 
receptor (TCR) and (2) the presence of the co-stimulatory molecule, CD28, which 
binds to its ligands B7-1 (also known as CD80) and B7-2 (CD86) that are expressed 
by antigen-presenting cells (APC), such as dendritic cells [29]. Both interactions will 
then stimulate TCR signaling through PI3K-AKT, Ras-Raf-MAPK, and NF-κB path-
ways, causing secretion of cytokines and promoting proliferation of activated T cells 
which infiltrate into tumor beds, recognize, and kill cancer cells. However, binding 
of T-cell inhibitory checkpoint molecules, PD-1 and CTLA-4, to their respective 
ligands, PD-L1/PD-L2 and CD80/CD86, induces the recruitment of phosphatases 
that block TCR signaling [28]. Inhibition of these checkpoints has become an attrac-
tive strategy, especially for tumors with elevated lymphocytic infiltration.

Traditionally, breast cancer has not been considered highly immunogenic, in part 
due to the lower prevalence of somatic mutations and less likelihood of formation of 
neoantigens compared to other tumors, such as melanoma, lung, or urothelial carci-
noma [30]. Nevertheless, the presence of tumor-infiltrating lymphocytes (TILs) is 
prognostic in early-stage triple-negative or HER2-amplified breast cancer [31].
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Results from several trials evaluating immune checkpoint inhibitors in the meta-
static setting have been reported (Table 12.3) [32–36]. However, comparisons are lim-
ited due to broad variations in the inclusion criteria of each study, including differences 
in tumor subtype, prior number of therapies allowed, preselection based on PD-L1 posi-
tivity, and assays used to quantify PD-L1 expression. Common adverse events that have 
been reported with these agents include arthralgia, fatigue, nausea, diarrhea, and 
pyrexia. The occurrence of specific immune-related toxicities, such as endocrinopa-
thies, pneumonitis, or hepatitis, is rare and has been attributed to the release of the 
breaks on autoimmunity. Single-agent checkpoint inhibitors, pembrolizumab and 
atezolizumab, have achieved overall response rates (ORR) of approximately 19% in 
heavily pretreated patients with PD-L1-positive TNBC [32, 36]. Conversely, in the 
JAVELIN trial, ORR in unselected TNBC patients treated with the PD-L1 antibody 
avelumab was 8.6% and ranged from 6.1% in patients with ≥1% of PD-L1-positive 
tumor cells to 44.4% in those with ≥10% of PD-L1-positive cells [35], underscoring the 
need for standardization of assays in the search for predictive biomarkers of response.

Limited activity has been observed in the setting of HER2-positive and 
ER-positive disease [34, 35]. Although treatment with single-agent pembrolizumab 
has achieved modest response rates in patients with ER-positive PD-L1-positive 
tumors, strikingly higher response rates (67–89%) seen with atezolizumab com-
bined with nab-paclitaxel, as first-line therapy for patients with metastatic TNBC 
[33], have encouraged larger trials of immune checkpoint inhibitors combined with 
chemotherapy in both hormone receptor-positive and hormone receptor-negative 
breast cancer (NCT02425891, NCT02819518, NCT02628132, NCT02755272, 
NCT02648477, NCT02513472). Combinations with agonists of stimulatory check-
points (OX40, 4-1BB) or antibodies that block other inhibitory checkpoints (CTLA- 
4, LAG-3, TIM-3) are also emerging.

 Oncogenic Signaling Pathways

 Phosphatidylinositol-3 Kinase/AKT/Mammalian Target 
of Rapamycin Pathway

The family of PI3 kinases is divided into three classes, of which class IA has been 
the most clearly implicated in human cancer [37]. Class IA PI3K is comprised of a 
p110 catalytic subunit (with three isoforms, p110α, p110β, and p110δ, encoded by 
PIK3CA, PIK3CB, and PIK3CD) and a p85 regulatory subunit that is responsible 
for inhibition of p110 in the absence of activating signals. Ligand binding results in 
the recruitment of class I PI3Ks to the plasma membrane and liberation of p110, 
initiating intracellular cascades that lead to cell growth and survival [38]. Genetic 
alterations that promote activation of the PI3K pathway (PIK3CA, PIK3R1, AKT1, 
PTEN) are present at a high frequency in breast cancer, particularly in luminal 
tumors [12]. Upregulation of the PI3K pathway is a known mechanism of resistance 
to endocrine treatment [39, 40], and preclinical studies have demonstrated that 
blocking PI3K and/or downstream effectors, AKT and mTOR, can restore sensitiv-
ity to endocrine therapy [41].
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Everolimus, an mTOR inhibitor, is the only agent targeting this pathway that is 
currently approved by the FDA, in combination with exemestane, after progression 
on a nonsteroidal aromatase inhibitor (NSAI). Although there was a 4.6-month 
increase in PFS, compared to exemestane alone (7.8 versus 3.2 months, respec-
tively) [42, 43], no OS benefit was noted, and approximately 40% of patients expe-
rienced grade 3–4 adverse events [44]. More recently, several pan-PI3K or 
p110α-specific inhibitors have emerged, the latter in hopes of sparing undesired 
toxicity due to blockade of other p110 isoforms.

Buparlisib (BKM120), an oral pan-PI3K inhibitor that targets all class I isoforms 
[45], was determined to be safe and efficacious in combination with letrozole or 
fulvestrant, in early dose-escalation studies in endocrine-resistant metastatic dis-
ease, reaching a clinical benefit rate (CBR) of 31–59% [46, 47]. Further evaluation 
of buparlisib in phase III randomized placebo-controlled trials revealed a statisti-
cally significant, though modest, 2-month increase in PFS when administered with 
fulvestrant after progression on AI (BELLE-2) [48] or after dual AI-mTOR inhibi-
tion (BELLE-3) [49] (Table 12.4). Of note, subgroup analyses according to muta-
tional status have shown greater improvements in PFS in patients with 
PIK3CA-mutant tumors. Overall, the most common AE were hypertransaminase-
mia, hyperglycemia, fatigue, nausea, diarrhea, and rash. Buparlisib’s ability to cross 
the blood-brain barrier also provoked mood disorders, such as anxiety or depres-
sion, in approximately 20% of patients.

Selective PI3K inhibitors have emerged, specifically targeting p110α or mutant 
PIK3CA isoforms. Taselisib (GDC-0032) is a β-sparing PI3K inhibitor that is almost 
200× more potent than buparlisib against p110α [50]. Preliminary results from a 
phase II single-arm study evaluating taselisib and fulvestrant in 60 postmenopausal 
women, who failed to respond to at least one prior endocrine therapy in the adjuvant 
or metastatic setting, are illustrated in Table 12.4 [51]. Despite a lower occurrence 
of grade 3–4 toxicities, a broad span of AE was still noted. PIK3CA mutations were 
present in 20 of 45 evaluable cases (44.4%) and were associated with heightened 
clinical activity compared to those with wild-type tumors (ORR, 38.5% vs. 10.5%; 
CBR, 38.5% vs. 15.8%, respectively). Taselisib is currently being tested in a phase 
III randomized trial (SANDPIPER, NCT02340221) in combination with fulvestrant 
after progression on AI; enrollment will be enriched for PIK3CA-mutant tumors.

Alpelisib (BYL719) is a selective p110α inhibitor in advanced stages of develop-
ment in ER-positive breast cancer. In earlier phase I trials, alpelisib demonstrated a 
more favorable toxicity profile compared to pan-PI3K inhibitors, both as a single 
agent and in combination with letrozole or fulvestrant [52–54]. SOLAR-1 is an 
ongoing phase III trial assessing the efficacy of alpelisib and fulvestrant after AI 
therapy (NCT02437318).

Inhibition of PI3K/AKT/mTOR is a strategy not only of interest in ER-positive 
disease. Constitutive activation of the PI3K pathway, through PIK3CA mutation or 
loss of PTEN function, can mediate resistance to trastuzumab [55, 56]. Preclinical 
studies demonstrated synergy between trastuzumab and PI3K/mTOR inhibitors; 
however, to date, this has not translated into clinically meaningful benefit [57, 58]. In 
the phase III BOLERO-3 study, patients with HER2-positive, trastuzumab- resistant 
disease were randomized to receive weekly trastuzumab and vinorelbine with 
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Table 12.4 Results of phase II/III clinical trials with PI3K inhibitors in advanced breast cancer

PI3K inhibitors

Buparlisib Taselisib

Clinical trial BELLE-2 BELLE-3 BELLE-4 PMT4979g

Trial design Phase III 
double-blind

Phase III 
double-blind

Phase II 
double-blind

Phase II 
single-arm

Study arms Buparlisib + 
fulvestrant vs. 
placebo + 
fulvestrant

Buparlisib + 
fulvestrant vs. 
placebo + fulvestrant

Buparlisib + 
paclitaxel vs. 
placebo + 
paclitaxel

Taselisib + 
fulvestrant

Study drug dose 100 mg QD 
continuously

100 mg QD 
continuously

100 mg QD 
continuously

6 mg QD 
continuously

Characteristics

Menopausal status Postmenopausal Postmenopausal All Postmenopausal

Prior ET allowed 
for advanced 
disease

Yes Yes (after 
progression on AI + 
mTOR inhibitor)

Yes Yes

Total pts, n 1,147 432 416a 60

Any prior ETb, % 100 100 44 vs. 50 100

PIK3CA mut 
statusc, %

30 vs. 38 39d 26 44

Efficacy

Median PFS 
(experimental arm 
vs. control arm), mo

6.9 vs. 5.0 3.9 vs. 1.8 8.0 vs. 9.2 NA

HR PFS (95% CI) 0.78 (0.67–0.89) 0.67 (0.53–0.84) 1.18 
(0.82–1.68)

NA

ORR (ITT), % 12 vs. 8 8 vs. 2 23 vs. 27 17

CBR (ITT), % 44 vs. 42 25 vs. 15 26 vs. 33 25

Safety

Grade 3–4  
diarrhea, %

4 vs. 1 3 vs. 1 5 vs. 3 12

Grade 3–4 elevated 
liver enzymes 
(ALT; AST), %

26 vs. 1; 18 vs. 3 22 vs. 3; 18 vs. 3 7 vs. <1; NA NA

Grade 3–4 
hyperglycemia, %

15 vs. <1 12 vs. 0 9 vs. <1 7

Grade 3–4 rash, % 8 vs. 0 2 vs. 0 8 vs. 1 5

Percentages are reported, respectively, per study arms of treatment
ET endocrine therapy, AI aromatase inhibitor, mo months, pts patients, n number, NA not available/
not applicable, PFS progression-free survival, HR hazard ratio, ORR overall response rate, CBR 
clinical benefit rate, ITT intention-to-treat, ALT alanine transaminase, AST aspartate transaminase
aAt the time of the interim PFS analysis, 338 pts. had been randomized to treatment
bIncluding (neo)adjuvant setting
cWhen evaluable in baseline cfDNA (except BELLE-4 that reported PIK3CA status analyzed in 
tumor tissue)
dPIK3CA mutational status in the overall population (data not reported per arm of treatment)

A.C. Garrido-Castro and B. Overmoyer



185

everolimus or placebo. Everolimus extended median PFS from 5.78 to 7.0 months 
(HR 0.70), albeit with substantial toxicity [59]. Moreover, the addition of everolimus 
to trastuzumab and paclitaxel, as first-line treatment for HER2- positive advanced 
breast cancer, failed to improve PFS in BOLERO-1 [60]. Combinations of the novel 
selective PI3K inhibitors, taselisib and alpelisib, with HER2-directed therapies 
T-DM1 and pertuzumab are currently ongoing (NCT02390427, NCT02038010).

Although PIK3CA mutations are more prevalent in luminal disease, loss of 
PTEN and INPP4B, which sensitizes cell lines to PI3K inhibition [61], is more com-
mon in basal-like tumors [12]. Chemotherapy added to PI3K inhibition is under 
evaluation in TNBC. Drugs that provide dual PI3K/mTOR blockade (gedatolisib, 
PQR309), as well as inhibitors of AKT (AZD5363, MK-2206, GDC-0068) and 
mTOR (TAK-228 or MLN0128, AZD2014), are also being explored in combination 
with standard regimens across breast cancer subtypes.

 Insulin-Like Growth Factor Receptor (IGF-1R) and Fibroblast 
Growth Factor Receptor (FGFR) Pathways

Increased activation of the tyrosine kinase receptor, IGF-1R, has been associated 
with cancer cell proliferation and migration [62] and can mediate resistance to 
endocrine and HER2-directed therapy due to the crosstalk between IGF-1R and the 
PI3K/MAPK pathways [63, 64]. Despite promising preclinical data, several IGF- 
1R- specific antibodies (figitumumab, cixutumumab, ganitumab) have failed to 
demonstrate benefit in combination with endocrine therapy in phase II clinical trials 
[65–67]. Nonetheless, IGF-1R signaling through AKT may play an important role 
in the onset of resistance to mTOR inhibitors [68], and combined blockade of 
IGF-1R and mTOR could improve clinical outcomes. A randomized phase II trial is 
assessing the efficacy of BI 836845, an IGF ligand-neutralizing antibody, with 
exemestane and everolimus [69].

Amplification of FGFR genes, present in approximately 10% of breast cancers 
[70], is associated with poor prognosis [71, 72] and promotes resistance to endo-
crine therapy through persistent MAPK activation [71]. In addition, FGF2 ligand 
mediates growth of basal-like breast cancer, and TNBC cell lines have demonstrated 
sensitivity to FGFR inhibitors in the presence of FGF2 [73]. Selective (i.e., BGJ398, 
JNJ-42756493, INCB054828) and nonselective (i.e., lucitanib, nintedanib, dovi-
tinib, AZD4547) FGFR inhibitors have been tested in phase I/II trials in solid 
tumors, but limited evidence of clinical activity has been reported to date in breast 
cancer cohorts treated with selective single-agent inhibition [74–76]; combinations 
with immune or chemotherapy are ongoing (NCT02393248).

 Cytokine-Mediated JAK/STAT Pathway

Janus kinase 2 (JAK2), a non-receptor tyrosine kinase that binds to the cytoplasmic 
tail of transmembrane cytokine receptors, activates STAT transcription factors that 
stimulate the expression of various cell-cycle regulators, including cyclins D1, D2, 
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and E (Fig. 12.1) [77]. The IL6/JAK2/STAT3 pathway plays an important role in the 
proliferation and metastatic spread of CD44+/CD24+ stem cell-like breast cancer 
cells, a predominant population in inflammatory breast cancer [78]. Furthermore, 
activation of JAK2/STAT5 has been implicated in resistance to PI3K/mTOR inhibi-
tion in TNBC cell lines [79]. Ruxolitinib is an oral inhibitor of JAK1 and JAK2 that 
has shown promising antitumoral activity combined with paclitaxel in metastatic 
HER2-negative breast cancer (ORR, 21%; CBR, 84%) [80]. Ruxolitinib is currently 
being tested with other standard regimens (capecitabine, NCT02120417; trastu-
zumab, NCT02066532; exemestane, NCT01594216) in all subtypes of MBC.

 Broad-Spectrum Tyrosine Kinase Inhibitors 
and Anti-angiogenesis

Despite initial FDA approval of bevacizumab (a humanized monoclonal antibody 
against vascular endothelial growth factor, VEGF) in combination with chemother-
apy based on PFS improvement as first-line treatment for HER2-negative advanced 
breast cancer [81–84], the lack of OS benefit led to withdrawal of its indication in 
breast cancer in the USA. Emphasis has now been directed to broad-spectrum tyro-
sine kinase inhibitors (TKI) that target several families of growth factor receptors, 
including VEGF receptor (VEGFR) and platelet-derived growth factor receptor 
(PDGFR). Cabozantinib, an oral TKI with activity against VEGFR2, MET, and 
AXL, elicited an ORR of 13.6% and CBR of 46.7%, in ER-positive disease [85]. 
Lucitanib (E3810), a multi-TKI directed to FGFR1, VEGFR1-3, and macrophage 
colony-stimulating factor-1 receptor (CSF1R), achieved a PFS greater than 9 months 
and six confirmed partial responses in 12 patients with FGF-aberrant breast cancer 
[86]. Other VEGFR, PDGFR, and c-Kit inhibitors, such as sunitinib, sorafenib, or 
axitinib, have failed to improve survival in breast cancer [87–89]. It seems clear that 
some, but not all, patients may benefit from anti-angiogenic therapies, highlighting 
the need to identify biomarkers that could guide patient selection.

 Antibody-Drug Conjugates

Antibody-drug conjugates (ADC) are a novel class of drugs linking an antibody 
(selective for a cancer cell surface antigen) to a highly cytotoxic agent, in order to 
optimize the delivery of chemotherapy to the tumor, improve efficacy, and minimize 
off-target systemic toxicity [90]. T-DM1 is the only ADC currently approved for the 
treatment of breast cancer, although there are several new compounds emerging. 
Sacituzumab govitecan, or IMMU-132, is an ADC targeting Trop-2 present on 
TNBC that delivers SN-38 (active metabolite of irinotecan). In a phase II trial 
involving heavily pretreated patients, ORR and CBR at 6 months were 29% and 
45.5%, respectively, and median PFS and OS were 5.6 and 14.3 months, respec-
tively [91]. The most frequent grade 3–4 AE were neutropenia, anemia, and mild GI 
toxicity. Based on these results, IMMU-132 was granted FDA Breakthrough 
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Therapy designation in 2016 for patients with pretreated metastatic TNBC and will 
be compared to treatment of physician’s choice in a randomized phase III trial 
(NCT02574455). DS-8201a, an anti-HER2 ADC that delivers a new topoisomerase 
I inhibitor, showed promising efficacy in T-DM1-resistant and low HER2-expressing 
PDX models [92] and has now entered clinical development (NCT02564900).

 Regulation of DNA Synthesis, Transcription, and Repair

 Epigenetic Modulation

Upregulation of histone deacetylases (HDAC) alters the balance between histone 
acetylation and deacetylation, leading to epigenetic repression of tumor suppressor 
genes, and ultimately oncogenesis [93]. In preclinical models, the addition of HDAC 
inhibitors to antiestrogens enhances the antiproliferative effect of either agent alone 
[94] and reverses tamoxifen- and AI-induced resistance [3, 95].

Entinostat, a highly specific class I HDAC inhibitor, was granted FDA 
Breakthrough Therapy designation in 2013 based on the results of ENCORE-301, a 
phase II trial for postmenopausal women treated with exemestane in combination 
with either entinostat or placebo, after progressing on NSAI [96]. Entinostat 
extended both PFS and OS when added to exemestane, with absolute improvements 
of 2.0 and 8.3 months, respectively. E2112 is an ongoing randomized phase III trial 
seeking to confirm these results in a larger population (NCT02115282). HDAC 
inhibitors upregulate PD-L1 expression and synergize with PD-1 blockade in 
murine melanoma models [97]. This has provided the rationale for multiple combi-
nations of entinostat with immunotherapies across all MBC subtypes, including 
TNBC and HER2-negative disease (NCT02708680, NCT02453620).

 PARP Inhibitors and DNA Repair

Poly(ADP-ribose) polymerase-1 (PARP1) is a critical enzyme involved in base 
excision repair of DNA [98]. Loss of PARP1 function increases the number of DNA 
breaks that require homologous recombination repair (HRR). Defects in HRR genes 
(e.g., BRCA1/BRCA2) lead to failure to efficiently repair DNA double-stranded 
breaks (DSB), thus promoting the use of alternative DNA repair processes which 
can induce DNA mutagenesis. Basal-like breast cancers are associated with BRCA1 
phenotype, and BRCA-related tumors are more likely to exhibit ER negativity [99], 
making PARP inhibition a strategy of great interest in BRCA-mutant breast cancer, 
particularly in TNBC.

Olaparib, veliparib, niraparib, and talazoparib have shown single-agent antitu-
moral activity in BRCA-associated MBC [100–103]. In a phase II study in 54 
patients with germline BRCA1/BRCA2 mutations, olaparib achieved a 41% ORR, 
and responses were seen in both hormone receptor-positive/HER2-negative and 
TNBC disease [103]. Several phase III trials are now comparing these agents with 
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physician’s choice of chemotherapy in BRCA-carriers (OlympiaD, NCT02000622; 
BRAVO, NCT01905592; EMBRACA, NCT01945775). Loss of PARP induces 
tumor sensitization to DNA cross-linking agents, explaining the synergy observed 
in preclinical models treated with PARP inhibitors and drugs such as cisplatin, car-
boplatin, cyclophosphamide, or temozolomide [104]. These combinations have 
shown promising preliminary activity in patients with BRCA-mutant and 
non-BRCA-associated tumors [105–107]. Furthermore, reports that BRCA- 
deficient TNBC harbors a higher mutational load, number of neoantigens, and 
increased immune cell activation [108] have encouraged ongoing phase I assess-
ment of anti-PD-1/anti-L1 blockade with PARP inhibition (NCT02484404, 
NCT02657889).

 Heat Shock Protein (Hsp) 90

Heat shock proteins are molecular chaperones that modulate the folding and trans-
port across cell membranes of many cellular proteins [109]. Hsp90 is highly 
expressed in mammalian cells, and its overexpression has been implicated in the 
oncogenesis of ductal breast carcinomas [110]. The Hsp90 inhibitor tanespimycin 
demonstrated an ORR of 22% and 6-month median PFS when added to trastu-
zumab, after progression on prior trastuzumab-based regimens in HER2-positive 
MBC [111]. Although ganetespib showed limited efficacy as a single agent across 
all subtypes of MBC, activity was highest in the HER2-positive cohort [112]. 
Ganetespib is currently being explored in combination with trastuzumab, pertu-
zumab, and paclitaxel (NCT02060253) and also with fulvestrant (NCT01560416).

 Central Nervous System Disease

The incidence of CNS metastases is increasing in patients with breast cancer, partly 
due to improvement in survival with systemic therapies that manage to control 
extracranial disease. To date, there are no FDA-approved systemic therapies for the 
treatment of breast cancer brain metastases. Cytotoxic agents, such as capecitabine, 
temozolomide, or cisplatin, have been assessed in small prospective trials, demon-
strating modest CNS response and PFS rates of less than 3 months [113]. Etirinotecan 
pegol (NKTR-102) is a topoisomerase I inhibitor, and although NKTR-102 did not 
significantly improve OS when compared to physician’s choice of treatment, the 
subgroup of patients with brain metastasis benefited from the experimental drug 
(HR 0.51). A phase III trial limited to patients with stable brain metastases is now 
ongoing (NCT02915744).

Several novel targeting agents have also shown specific activity in patients with 
CNS metastases. Given that concentrations of abemaciclib in cerebrospinal fluid 
reach those of unbound drug in plasma [18], evaluation of abemaciclib in patients 
with brain metastases secondary to hormone receptor-positive breast cancer is 
ongoing (NCT02308020). Various agents have demonstrated activity in 
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HER2- positive CNS metastases; however limited data exist comparing novel treat-
ments to standard of care regimens. Neratinib, a potent oral TKI of ErbB1, HER2, 
and ErbB4, was evaluated in monotherapy in a single-arm phase II trial in patients 
whose CNS disease had progressed after any CNS-directed therapy [114]. Objective 
CNS response rate was 8% in this heavily pretreated population, not differing sig-
nificantly from those seen with lapatinib [115]. A phase II trial with neratinib and 
capecitabine for the treatment of HER2-positive brain metastases is ongoing 
(NCT01494662). Recently, results were reported from a phase I study of tucatinib 
(ONT-380), a novel HER2-selective TKI with CNS penetration, in combination 
with T-DM1 [116]. In patients with previously treated or untreated asymptomatic 
CNS lesions, median PFS was 6.5 months; of 12 patients with measurable CNS 
disease, two complete and two partial responses were observed, and three others 
achieved stable CNS disease >6 months. The effect of tucatinib in patients with 
brain metastases is being investigated in a phase II study in combination with 
capecitabine and trastuzumab in patients who have received prior treatment with a 
taxane, trastuzumab, pertuzumab, and T-DM1 (NCT02614794).

Leptomeningeal metastases confer a poor prognosis across all breast cancer sub-
types, and there are very few prospective trials in this population to guide treatment 
decisions [113]. Case reports of activity with intrathecal trastuzumab have led to the 
design of two studies in HER2-positive leptomeningeal disease (NCT01325207, 
NCT01373710) and a phase I trial of intrathecal trastuzumab plus pertuzumab in 
patients with untreated asymptomatic or low symptomatic brain metastases 
(NCT02598427).

 Conclusions

The landscape of treatment of MBC has evolved rapidly over the past years and 
continues to progress as additional mechanisms of resistance to current therapies 
are discovered. Promising PFS and response rates are being reported from large 
phase III trials with CDK4/CDK6, PI3K, and PARP inhibitors, though we eagerly 
await OS analyses to determine the long-term impact of these new agents. As the 
selection of treatments for MBC grows, physicians face the important challenge of 
identifying patients who are most likely to respond while sparing undesired toxici-
ties to those who may not benefit from these therapies. Beyond the sensitivity of 
HRR-deficient tumors to PARP inhibition, the search for biomarkers of response to 
novel drugs, such as CDK4/CDK6 or PI3K inhibitors, has not yet yielded clinically 
meaningful results. Exploratory analyses of studies of palbociclib showed that nei-
ther Ki67 staining, Rb localization, p16 nuclear expression, nor CCND1 amplifica-
tion was predictive for PFS or ORR [19, 117, 118]. Mutations in the ER gene (ESR1) 
conferred worse prognosis but were not predictive of response in PALOMA-3; both 
ESR1-mutant and wild-type populations significantly benefited from palbociclib 
(HR for PFS: 0.43 and 0.49, respectively) [119]. Assessment of the efficacy of PI3K 
inhibitors according to PIK3CA status has also revealed conflicting data. Patients 
with PIK3CA mutations detected in archival tumor samples in BELLE-2 did not 
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benefit from the addition of buparlisib to fulvestrant; however, when analyzed in 
circulating free DNA (cfDNA), a significant improvement in PFS was noted [48]. 
Conversely, while buparlisib increased PFS in all patients in BELLE-3 with 
PIK3CA-mutant tumors, either in primary tumor or cfDNA samples, significant 
benefit was also seen in the cfDNA wild-type group [49]. The correlation between 
detection methods remains unclear, and the acquisition of new tumor biopsies, 
rather than archival specimens, seems essential for the correct assessment of marker 
status, particularly in pretreated patients.

In the era of next-generation sequencing, knowledge of the genomic drivers of 
breast cancer and resistance to treatment is expanding. Molecular profiling is now 
being routinely performed, providing physicians with extensive data regarding 
mutations, copy number variations, etc. However, the clinical implications of most 
of these alterations are still unknown. Comprehensive analyses of large patient 
cohorts with detailed clinical and genomic data are needed to clarify their impor-
tance and potential applicability to therapeutic decisions. Despite the advances that 
have been made over the past decade, greater efforts need to be made to understand 
the biology and aggressive nature of subtypes of MBC in order to develop more 
potent and effective drugs that can significantly impact patient outcomes.
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13Breast Cancer Treatment in Elderly 
Patients

Akiko Chiba and Marissa Howard-McNatt

 Introduction

Breast cancer remains a substantial health issue in the elderly population. Breast 
cancer risk increases with age, and the incidence of breast cancer peaks between 70 
and 84 years of age [1]. Forty-two percent of all breast cancers occur in women over 
65 years of age and 20% in those over 75 years of age [2]. In addition, the popula-
tion in the USA is expected to become older, thereby increasing the number of 
patients at risk for breast cancer. By 2030, more than 20% of US residents are pro-
jected to be over 65 compared with 13% in 2010. An increase in life expectancy 
plays a major role in these demographic shifts. Life expectancy at age 65 was 
15.2 years in 1992 and increased to 19.1 years by 2010 [3]. The life expectancy for 
white, black, and Hispanics from 2010 is showed in Table 13.1 [4]. Based on trends 
in mortality, it is projected that life expectancy will continue to improve. This article 
addresses treatment of breast cancer in the elderly, discussing age-appropriate 
screening, variations in treatment choice compared to the standard of care, quality 
of life, and survival compared to their younger counterparts.
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 Treatment Pattern

Despite breast cancer being a disease of the elderly, this age group has historically been 
excluded from clinical trials [5]. Given this lack of data, physicians are left to decide 
their treatment plan based on extrapolated data and experience. This has led to devia-
tions from the standard of care in treating elderly women with breast cancer. When 
standard of care was applied, such as mastectomy and axillary dissection, these women 
were thought to be overtreated. However, those patients who underwent breast-conserv-
ing surgery and had omission of axillary dissection and/or radiation therapy might be 
considered to be under treated. Older women with breast cancer are less likely to receive 
standard treatments, such as axillary lymph node dissection or radiation therapy, after 
breast-conserving surgery compared to younger patients [6]. Possible explanations of 
under treatment include shorter life expectancy, increasing medical comorbidities, and 
less aggressive biologic behavior of breast cancer [7–10].

 Screening

The risk of developing breast cancer increases with age, making screening older 
women valuable. A quarter of breast cancer deaths each year are attributed to breast 
cancer diagnosed after the age of 74 [11]. Screening methods include mammo-
grams, clinical breast examination, and breast self-awareness. Sensitivity and speci-
ficity of mammography increase as patient gets older due to decrease in glandular 
breast tissues and replacement with fatty tissue. This decreases unnecessary biop-
sies and intuitively provides a substantial opportunity to reduce breast cancer death 
in older populations. Unfortunately, none of the randomized prospective trials of 
screening mammography included women over the age of 75 making continued use 
of screening mammography clinical decision in this population difficult [12]. There 
have been a few observational studies demonstrating a reduction in breast cancer 
mortality associated with mammographic screening in women 75 years and older; 
however, the benefits were limited to those without severe comorbidities, and no 
benefit was observed in women with severe comorbidities [13, 14]. These results 
must be interpreted with caution given the limitations of study design. It has been 

Table 13.1 Life expectancy at selected ages by race: United States, 2010

Age (years) White female (years) Black female (years) Hispanic female (years)

60 24.5 23 26.3

65 20.3 19.3 22.0

70 16.4 15.8 18.0

75 12.8 9.6 14.0

80 9.6 7.1 10.7

85 6.9 5.2 7.7

90 4.8 3.8 5.4

National Vital Statistics Reports, Vol. 61, No. 4, May 8, 2013
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suggested that older women with comorbidities, such as those with Charleston 
Comorbidity Index of two or more, may not benefit from screening mammography 
due to competing causes of mortality [15].

Another issue with older women and breast screening is determining when to 
stop screening. The United States Preventive Service Task Force recommends stop-
ping at age 75, whereas the American Cancer Society recommends continuing as 
long as a patient is healthy and has a life expectancy of more than 10 years. The 
American College of Radiology also recommends continued screening if the patient 
is healthy and willing to undergo additional testing (including biopsy). Variations in 
screening recommendations are shown in Table 13.2. Overscreening in elderly 
women is a health-care concern as well, with recent studies demonstrating that many 
elderly women with multiple comorbidities and advanced cancer are still undergoing 
screening mammography [16, 17]. It is important to evaluate individual patients to 
determine if mammographic screening is of benefit as patients with multiple comor-
bidities will not experience reduction in breast cancer mortality from screening.

 Tumor Biology

Breast cancer in the elderly patient is less aggressive. Older women tend to have 
more favorable tumors at diagnosis that are likely small, have less nodal involve-
ment, express both estrogen and progesterone receptors, are more low grade, and 
are HER-2 negative [32]. Molecular genetics shows that more favorable luminal A 
and luminal B subtypes are found in older women. However, older women can pres-
ent with triple negative or HER-2 amplified cancers. Treatment needs to be based on 
these phenotypes as well as tumor size and nodal involvement.

 Treatment

Surgical resection remains the mainstay of treatment in elderly women with breast 
cancer. Treatment should be based on staging of the cancer, and patients should 
receive standard of care if possible. Surgery and anesthesia carry some risks 

Table 13.2 Variations in current mammography screening guidelines for average-risk women

Screening 
frequency

Age to start 
screening Age to stop screening

US Preventative 
Services Task Force 
[39]

Biennial 50 75

American Cancer 
Society [40]

Annual 45–54 Continue as long as healthy and life 
expectancy ≥10 yearsBiennial ≥55

American College  
of Radiology [41]

Annual 40 Stop when life expectancy is <5–7 based 
on comorbidities and when abnormal 
result would not be acted on because  
of comorbidity
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independent of age, however, the main factor influencing morbidity and mortality 
from breast surgery is comorbidity rather than age alone [18]. A recent retrospective 
study of SEER analysis evaluated outcomes of 1784 breast cancer patients over the 
age of 70 undergoing mastectomy and lumpectomy [19]. Of these, 596 (33%) 
underwent mastectomy, 918 (51%) underwent lumpectomy with radiation, and 270 
(15.4%) underwent lumpectomy alone. The type of surgery was not an independent 
factor in determining overall survival. The SEER study showed worse breast cancer- 
specific survival that was associated with an inability to perform more than two 
activities of daily living, two or more comorbidities, larger tumor size, and positive 
lymph nodes. On multivariate analysis, larger tumor size and positive lymph nodes 
were identified as independent determinants for worse survival [19]. This suggests 
that even in elderly patients, nodal staging remains an important part of breast can-
cer treatment. In contrast, another study of 140 women over the age of 70 who did 
not undergo sentinel lymph node biopsy demonstrated a low axillary recurrence and 
low mortality for patients with clinical T1–2 N0 breast cancer [20].

Surgical staging of the axilla may be omitted in elderly patients with clinically 
node-negative disease as information from axillary surgery may not alter treat-
ment decisions in many cases. This is especially true in the frail patient who is not 
a candidate to receive chemotherapy regardless of their nodal status. In elderly 
women with clinically node-negative, hormone receptor-positive disease, adju-
vant therapy will likely be limited to endocrine therapy. The rate of axillary recur-
rence following lumpectomy and endocrine therapy in patients without radiation 
therapy or axillary surgery was 1% at 5 years as demonstrated in CALGB 9343 
[20, 21]. This is a small enough risk that axillary staging may be omitted in 
selected patients.

 Radiation Therapy

There have been two recent prospective randomized trials to determine whether 
there is a benefit of adjuvant radiation therapy after breast-conserving surgery in 
elderly patients with early breast cancer. CALGB-9343 randomized 636 stage I, 
estrogen receptor-positive breast cancer patient’s age ≥70 to lumpectomy with 
tamoxifen only or lumpectomy with tamoxifen and radiation therapy [21]. This 
study showed there were no significant differences in time to distant metastasis, 
breast cancer-specific survival, or overall survival between the two groups. Ten- 
year overall survival was 67% (95% CI, 62–72%) and 66% (95% CI, 61–71%) 
in the tamoxifen and radiation therapy and tamoxifen only groups, respectively 
[20].The PRIME II study was another study evaluating the effect of omitting 
whole- breast irradiation on local control in women aged 65 years or older 
undergoing lumpectomy and endocrine treatment for early stage breast cancer. 
After a median follow-up of 5 years, local recurrence was 1.3% (95% CI 0·2–
2·3; n = 5) in the whole-breast irradiation group and 4.1% (2∙4–5∙7; n = 26) in 
the group without radiation therapy. Whole-breast irradiation after breast-con-
serving surgery and adjuvant endocrine therapy resulted in a small, but 
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statistical significant reduction in local recurrence; however, there was no dif-
ference in 5-year overall survival between the two groups 93.9% (95% CI 91.8–
96.0) [22]. Especially in in early stage estrogen receptor-positive breast cancer 
in the elderly, radiation therapy may be omitted without significant consequence. 
Despite these data, the omission of radiation therapy in selected older popula-
tion has not been widely applied [23, 24].

 Chemotherapy

Chemotherapy is underutilized in older women, and there are few prospective ran-
domized clinical trials in this population. For the older patient, their comorbidities, 
functional status, social support, and life expectancy must all be taken into account 
before selecting patients for treatment [32]. Standard-of-care treatments should be 
used in those healthy older adults whose life expectancy is equal to or greater than 
10 years.

Adjuvant chemotherapy is generally recommended for women with ER-negative 
or Her-2/neu amplified tumors that are larger than 1 cm or any subtype in which 
lymph node involvement is found. A retrospective review of four randomized 
studies has shown that the administration of intensive chemotherapy regimens in 
older patients results in a reduction in breast cancer recurrence and morality, 
regardless of age [25]. Furthermore, a consensus panel as part of the NCCN’s 
published recommendations in 2008 suggested that the use of adjuvant chemo-
therapy in older patients should be guided by a well-balanced consideration of 
benefit-fit risk ratio. No specific chemotherapy regimen is recommended for 
older patients, but caution should be given for anthrocyclines and consideration 
for hepatic and renal function [32]. ER-negative breast cancer can be particularly 
aggressive and tend to recur in the first 5 years. For older women with ER-negative 
breast cancer, several retrospective analyses also support the use of adjuvant 
chemotherapy. Two analyses using the Surveillance, Epidemiology, and End 
Results database have demonstrated that adjuvant chemotherapy in the treatment 
of node-positive, ER-negative breast cancer is associated with a reduction in 
mortality [26, 27].

The use of trastuzumab in Her-2-positive breast cancer in the elderly also needs 
special attention. Trastuzumab is associated with improvement in disease-free and 
overall survival; however, the scope of the benefit in older patients is hard to 
determine given that few older women enrolled in the randomized trials [28, 29]. 
Older age is a recognized risk factor for trastuzumab-related cardiotoxicity [30]. 
Significant associations with CHF and trastuzumab exposure include use of 
hypertensive medications, lower baseline left ventricular ejection fraction (LVEF), 
and lower LVEF following treatment with doxorubicin/cyclophosphamide. In 
conclusion, consensus opinion issued by the NCCN is that the small numbers of 
cardiac-related deaths and added valued and therapeutic index of adjuvant trastu-
zumab should not preclude trastuzumab’s use in the treatment of healthy elderly 
women [31, 32].
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 Endocrine Therapy

All women with hormone receptor-positive breast cancer need to be considered as 
candidates for endocrine therapy with tamoxifen or an aromatase inhibitor (AI). 
Tamoxifen belongs to a class of drugs recognized as selective estrogen receptor 
(ER) modulators. It acts as an antagonist of the ER in breast tissue but an agonist in 
others. AIs decrease the levels of circulating estrogen by inhibiting aromatase, the 
enzyme that converts androgens to estrogens in tissues like adipose and the adrenal 
glands. AIs only work in postmenopausal women. Tamoxifen is comparable to AIs 
in term of survival, but AIs have a decreased risk of relapse [33]. Thus, 5 years of 
an AI is more effective than tamoxifen for the same duration and results in fewer 
recurrences in women older than 60 [33].

Elderly patients with estrogen receptor-positive breast cancer who are consid-
ered unsuitable to undergo surgical resection are often treated with primary 
 endocrine monotherapy. This type of treatment has been more commonly applied in 
Europe. Tamoxifen has been initially used as the first-line agent for this treat-
ment, which has now been replaced by aromatase inhibitors. However, aromatase 
 inhibitors must be used with caution in elderly population as the Arimidex, 
Tamoxifen, Alone or in Combination (ATAC) trial showed that when used in the 
adjuvant setting, there were significantly more incidence of fractures in the Arimidex 
group when compared with tamoxifen [34].

Several randomized controlled trials comparing tamoxifen as a sole therapy vs. 
surgery have demonstrated improved local control with surgery versus tamoxifen 
alone; however most of these studies have failed to demonstrate improvement in 
overall survival [35–37]. The study reported by Fennessy et al. was the only 
 randomized trial which demonstrated reduction in survival in patients undergoing 
surgical resection [38].

For a general summary of the management of breast cancer treatment, see 
Table 13.3.

Table 13.3 Summary of management

Screening Reasonable to continue annual mammography in patients with:

  Life expectancy ≥10 years

  Less than 2 comorbidities

  No terminal illness, such as other cancer

Surgical options Axillary lymph node status remains to be an important prognostic 
factors in elderly and may change adjuvant treatment based on 
result. Consider perofrming lymph node staging.
Radiation therapy may be omitted in patients >70 years old.
Risk/benefit discusson of chemotherapy and endocrine therapy 
with medical oncologist.

Local adjuvant therapy

Systemic adjuvant therapy
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 Conclusion

Treating breast cancer in the older patient is very complex. Each patient must be 
evaluated on an individual basis as to their functional reserve, comorbidities, per-
sonal wishes, and estimated life expectancy. More studies need to be done on this 
rapidly rising population.
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 Introduction

Breast cancer affects one in eight women. Of the women who are diagnosed with 
breast cancer, 25% are premenopausal, and 15% are under the age of 45 [1]. 
Premenopausal women face different issues than postmenopausal women. All 
women under the age of 50 who are diagnosed with breast cancer may have a 
genetic mutation and should undergo genetic testing according to the NCCN guide-
lines. This is a complex psychosocial issue, in the era of panel testing. Patients may 
have a low penetrance cancer mutation, which does not mandate prophylactic con-
tralateral surgery, but this may be difficult to explain to patients in the midst of a 
breast cancer diagnosis. Additionally, as women delay childbearing, many pre-
menopausal breast cancer patients may not have had children. Patients should be 
offered fertility preservation, which in turn can be expensive and can delay treat-
ment. Finally, there are many psychosocial issues that younger breast cancer patients 
face, which are unique to younger patients.

Younger women may have more aggressive subtypes of breast cancer. Some of 
these subtypes, including triple-negative breast cancer, are more prevalent in young 
women, especially BRCA 1 carriers, African-Americans, and Latino women [2]. 
African-American women have been shown to be diagnosed at earlier ages [2]. All 
of these factors contribute to adjuvant treatment, which usually involves chemotherapy 
in triple-negative breast cancers.
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 Fertility

Fertility preservation is a crucial factor for many patients to consider while undergoing 
treatment during their childbearing years. One of the many side effects of chemo-
therapy in young women is an increased risk of infertility. Chemotherapy leads to 
follicle loss in the ovaries due to apoptosis. Since women are born with all of their 
follicles, once follicles are damaged or lost, there is no way to regenerate new ones. In 
addition, certain hormonal treatment modalities, such as tamoxifen, have been shown 
to delay pregnancy for an average of 5 years due to risk of teratogenicity. As many as 
73% of women aged 36–40 undergoing certain chemotherapy regimens face amenor-
rhea, and even if menstruation returns, fertility does not. There are many methods of 
fertility preservation for women who are undergoing breast cancer treatments.

The primary method of fertility preservation is embryo cryopreservation, which 
must take place prior to chemotherapy treatment [3]. Embryo cryopreservation is a 
three-step process. Initially, hormones are taken to mature the follicles, followed by 
in vitro fertilization (IVF), and finally the embryo is frozen for implantation at a 
later time. A second viable option for patients is oocyte cryopreservation, in which 
the oocyte, or egg, is frozen as an alternative to the embryo. This method of fertility 
preservation may be a more plausible option for women without a male partner to 
fertilize the oocyte. In 2012, oocyte cryopreservation became a standard recognized 
treatment by the American Society of Reproductive Medicine, in addition to embryo 
cryopreservation. However, there are some risks associated with undergoing these 
cryopreservation procedures. Primarily, chemotherapy must be delayed for an aver-
age of 2–6 weeks, until the follicles have matured. Delaying the initiation of chemo-
therapy may allow more aggressive cancers to progress. In addition, for patients 
with estrogen receptor-positive (ER+) cancers, the supplementation of additional 
hormones that increase estrogen levels can lead to progression of the cancer.

Recently, additional methods of fertility preservation have been investigated. One 
method that requires no hormonal stimulation, no male partner, and a shorter treatment 
delay is ovarian tissue cryopreservation for reimplantation. Women undergo an oopho-
rectomy, and the removed ovarian tissue is preserved through cryopreservation, until it 
is later implanted back into the patient. While many of the previous risks are not a threat 
with this type of procedure, there is a chance that cancerous cells may be reintroduced 
into the body through ovarian tissue. This method is still under investigation and is not 
yet considered a standard treatment. Similarly, there is another investigational option, in 
which the cryopreserved ovarian tissue is matured in vitro, followed by IVF, and a sub-
sequent uterine transfer (IUI). This option may be beneficial as it limits the risk of cancer 
cell reintroduction. This method is not yet considered standard treatment.

A less invasive method of fertility preservation, gonadotropin-releasing hormone 
(GnRH) agonist, has been shown to help some patients; however the supporting 
data is controversial. This hormone agonist acts as a competitive inhibitor and is 
thought to prevent follicles from undergoing apoptosis, while minimizing ovarian 
and uterine perfusion, and protecting germline stem cells, therefore reducing the 
infertility itself from occurring. Unfortunately, despite various research trials, there 
is no consensus on the benefits of this treatment [3].
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Due to the time-sensitive nature of cancer treatment, it is important for women to 
be aware of their fertility preservation options in order to make a prompt decision 
on which method if any to proceed with. With such a large number of young women 
facing breast cancer and chemotherapy, fertility preservation is becoming a substan-
tial aspect of cancer treatment for many.

 Genetic Testing

Genetic counseling and testing is standard of care in premenopausal breast can-
cer patients. Diagnosis at a young age, specifically below 50 years old, should 
raise concern for a genetic mutation, in addition to a strong family history of the 
same or similar cancers and multiple affected family members in multiple gen-
erations. In fact, 6.2% of screening mammography populations are considered to 
be at high risk for a hereditary breast cancer gene, significantly elevating their 
lifetime cancer risk [4].

BRCA 1 (17q21) and BRCA 2 (13q12.3) are two genetic mutations most indica-
tive of elevated breast cancer risk. These normally function as tumor suppressor 
genes likely involved in DNA repair and regulation of the cell cycle. When mutated, 
the genes fail to properly function and lose the ability to appropriately control cell 
division and tumor growth. To date, over 1000 mutations have been discovered. 
Since the BRCA genes are inherited in an autosomal dominant fashion, only one 
copy of the mutated gene is necessary to cause an increased cancer risk. 
Approximately 1/500–1/800 individuals in the general population have either the 
BRCA 1 or BRCA 2 mutation, which has an associated increased risk of not only 
breast cancer but also ovarian, pancreatic, prostate, and colon cancers and mela-
noma [5]. Furthermore, within the Ashkenazi Jewish population, the prevalence rate 
of BRCA mutations is as high as 1/40. Compared to the average population which 
has an 8% risk of developing breast cancer and less than a 1% risk of developing 
ovarian cancer by age 70, BRCA-positive patients have up to an 87% risk of devel-
oping breast cancer and a 44% risk of ovarian cancer [5].

Due to the heightened cancer risk, it is crucial for premenopausal breast cancer 
patients, who have a greater risk of having a gene mutation, to undergo testing in 
order to determine the best course of treatment for not only their future but for their 
family’s as well. According to the National Comprehensive Cancer Network 
(NCCN) guidelines, BRCA-positive patients should begin self-breast examinations 
by age 18. Beginning at age 25, patients should receive biannual clinical breast 
examinations and annual mammography and breast MRI. Additionally, screening 
for ovarian cancer is indicated with transvaginal ultrasound and CA-125 biannually, 
starting at age 30–35 or 5–10 years earlier than the earliest ovarian cancer diagnosis 
in the family. Alternatively, some patients may opt for prophylactic surgery in order 
to reduce the chance of developing a cancer. In the management of BRCA carriers 
with breast cancer, most patients will elect to undergo bilateral mastectomies, to 
reduce their risk of a future breast cancer. Additionally, some clinical trials, such as 
those with PARP inhibitors, are only available to BRCA mutation carriers.
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More recently, additional genes have been found that contribute to increased 
cancer risks. Other than BRCA 1 and BRCA 2, genes including CDH1, STK11, and 
TP53 have been found to increase the risk of developing breast cancer, and genes 
such as AR, ATM, BARD1, BRIP1, CHEK2, DIRAS3, ERBB2, NBN, PALB2, 
RAD50, and RAD51 are associated with breast cancer. Consequentially, panel test-
ing, which screens for an array of genes associated with various cancers, has been 
highly beneficial for patients, especially those with extensive family histories of 
cancer, patients with more than one primary cancer, or patients with early-onset 
cancers. NCCN guidelines state that women under the age of 35 should receive not 
only BRCA testing but also p53 testing as standard of care. Currently, seven differ-
ent labs offer panel testing for Hereditary Breast and Ovarian Cancer Syndrome 
(HBOC) and other high-risk genes. The panel includes high-penetrance genes, 
which have a high lifetime risk of manifesting a cancer (70–100%), and moderate 
penetrance genes, with a modest-moderate lifetime risk (30–60%) [6].

NCCN guidelines for panel testing state that testing should be offered by a 
genetic counselor due to test variants and the need for pre- and posttesting counsel-
ing. Testing should be offered on the basis of clinically actionable information. 
Therefore, they should be performed only if a positive or negative result would 
influence the management of the patient. Several companies offer various panel 
options that the genetic counselor and patients may choose from depending on the 
patient’s specific history. Ambry Genetics, for example, offers both the BRCAplus, 
which screens for BRCA1, BRCA2, CDH1 (hereditary diffuse gastric cancer and 
lobular breast cancer), PTEN (Cowden syndrome), and TP53 (Li-Fraumeni syn-
drome) and the BreastNext panel, which screens for ATM, BARD1, BRCA1, 
BRCA2, BRIP1, CDH1, CHEK2, MRE11A, MUTYH, NBN, NF1, PALB2, PTEN, 
RAD50, RAD51C, RAD51D, STK11, and TP53. Myriad Genetics, on the other 
hand, offers myRisk, which is a 28-gene panels that looks at risk of eight cancer 
sites including breast, ovarian, gastric, colorectal, pancreatic, melanoma, prostate, 
and endometrial cancers. Testing should be performed before any surgery, so that 
patients can decide whether or not they want to undergo prophylactic contralateral 
mastectomy in the event of a positive result or bilateral mastectomies. For women 
deciding to do so, some reconstruction options including DIEP flap reconstruction 
are one-time procedures that can take place simultaneously during the mastecto-
mies. Consequently, patients should have the maximal information available to 
them prior to a definitive surgery. For non-BRCA mutations on the panel, prophy-
lactic surgery is not recommended. However patients would receive increased 
screening with both annual mammograms and breast MRIs.

Some of the considerations that should be used to determine which panel best 
suits the patient include variant of uncertain significance (VUS) rate and ability to 
reclassify VUS, test affordability and financial assistance programs, time from test-
ing to results, screening methodology, insurance preauthorization policies, and 
specimen types. It is important to note that although positive results for carrying 
recessive gene mutations such as ATM, NBN, and PALB2 are insignificant to the 
patient’s health, they may influence management of the patients’ children as there is 
a possibility of disease risk if the other parent also carries a mutation in the same 
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gene. Having two copies of a mutated gene that follow autosomal recessive 
dominance can indicate diseases such as ataxia-telangiectasia, Nijmegen breakage 
syndrome, and Fanconi anemia, among others.

Several studies have been conducted to determine the prevalence of positive find-
ings in panel testing. In one study, 1951 participants referred to a diagnostic labora-
tory for BRCA1/BRCA2 testing underwent panel screening [7]. Two-hundred 
seventy-five (14.1%) patients were mutation carriers in at least of the 25 genes that 
were screened. Furthermore, 182 (9.3%) of patients had a BRCA mutation, and 93 
(4.8%) patients had a mutation in a non-BRCA gene. In a separate study, 390 
BRCA-negative patients underwent panel testing, and 4.4% were found to have a 
mutation in at least 1 of the 23 non-BRCA genes. The most common non-BRCA 
mutations included CHEK2, NBN, ATM, and PALB2. This data indicates the 
importance of panel testing over simply BRCA1/BRCA2 gene testing since com-
pared with BRCA1/BRCA2 testing alone, using the 25-gene panel increased the 
identification of mutations in cancer susceptibility genes by 4.76% (95% CI: 
2.71–6.81%).

Though panel testing can create more uncertainty for patients, the benefits of 
capturing more genetic mutations for cancer often outweigh the harms. Mutation 
carriers may need doctors’ additional preventative measures and closer surveillance 
in order to increase early detection of cancers. Further research is necessary to 
determine the exact implications of various gene mutations on cancer risk as well as 
to discover more genes associated with elevated risk.

 Psychosocial Issues

Significant psychosocial issues face young women undergoing breast cancer treat-
ment. These include sexual side effects from treatment, loss of financial indepen-
dence, and nonadherence to treatment regimens. Young patients have been shown to 
have greater benefit from 10 years of adjuvant treatment with tamoxifen versus 
5 years of treatment, as a result of the ATLAS Trial [8]. These patients in turn tend 
to have a higher incidence of side effects from tamoxifen [9]. This affects patient 
compliance and adherence to tamoxifen. There is evidence to suggest that these 
women are less likely to comply with treatment, due to these side effects and psy-
chosocial issues [10]. In study by Cluze et al., a prospective cohort of women under 
age 40 diagnosed with breast cancer was analyzed, to examine the incidence of 
tamoxifen interruption. They found that 42% of women interrupt their treatment for 
two or more consecutive months. A lack of support was identified as one factor, 
while treatment side effects were noted to be a cause of interruption after 
16–28 months of treatment. Additionally, they identified that those patients who had 
taken tamoxifen for 16–28 months were less apprehensive about breast cancer 
relapse and, therefore, stopped taking the medication.

Additionally, quality of life in younger women diagnosed with breast cancer is 
lower than that of older women diagnosed with breast cancer [11]. These women 
experience higher levels of clinical depression, anxiety, and stress perceptions. 
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Factors thought to contribute to higher levels of depression and distress include fear 
of infertility and menopause. Additionally, weight gain and lack of physical activity 
were observed in the premenopausal women with breast cancer.

Another area of complex management in young women with breast cancer is 
sexuality. In a study by Charif et al., 623 women were analyzed who were diag-
nosed with breast cancer between the ages of 18 and 40 [12]. A significant number 
of these patients were dissatisfied with their sexual health and fertility. In this study, 
319 patients participated in telephone interviews, at 10, 16, 28, and 48 months after 
their breast cancer diagnosis. At 4 years post-breast cancer diagnosis, 53% of 
women were satisfied with their fertility, and 42.6% were satisfied with their sexual-
ity. This suggests that a significant percentage of breast cancer patients face sexual-
ity issues. These can vary from vasomotor symptoms to vaginal atrophy [9]. Patients 
who have been treated for breast cancer need to be integrated into a survivorship 
program, which addresses such issues [13].

Local recurrence rates due to a long lifespan are an additional concern for young 
women. This has been thought to affect the choice of mastectomy over breast con-
servation therapy (BCT). The EORTC trials 10,804, 10,854, and 10,902 found that 
young age and BCT were independent risk factors for local regional recurrence 
[14]. These trials included almost 1200 young patients and demonstrated that 
women under 35 had a 2.8 times risk of LRR compared with older patients.
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 Introduction

The expansion of knowledge related to genetic susceptibility in breast cancer, in 
 particular the identification of BRCA1 and BRCA2 genes, has greatly enhanced the 
accuracy of breast cancer prediction for the subset of individuals with heritable disor-
ders. Genetic testing for hereditary breast cancer makes early detection and cancer 
prevention feasible through screening, surgical prophylaxis, and chemoprevention. 
Genetic risk prediction, combined with prevention or early detection and targeted 
therapy, can greatly improve survival rates of breast cancer patients [2]. The health 
care system falls short when women with BRCA mutations are not identified and noti-
fied of their status. Ideally, all mutation carriers should be identified through testing 
before they develop disease, and subsequent management should be aimed at prevent-
ing or minimizing the stage of cancer once it occurs. Unfortunately, most patients who 
carry a genetic mutation for hereditary breast cancer have not been identified [1].
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As recently stated by Mary Claire King, “Identifying a woman’s high risk of 
cancer only after she is diagnosed with it is an obvious failure of cancer prevention” 
[3]. Even more egregious is the failure to identify a mutation carrier after she devel-
ops cancer. Women identified as mutation carriers after a breast cancer develops can 
still garner benefits from this knowledge. These include, but are not limited to, 
directing surgical management, selecting systemic therapy, managing other at-risk 
organs, determining a follow-up approach, and managing recurrent disease. In addition, 
identifying a mutation carrier may lead to the identification of mutation carriers in 
other family members, ideally before they develop cancer.

For those mutation carriers who are not identified at the time of cancer diagnosis, 
it is important to minimize the negative impact of this failure by supporting a 
 program of genetic testing in the large cadre of women who are currently being 
followed for breast cancer. Identifying the mutation status in patients with previous 
breast cancers can still influence how the patient is being followed, how in-breast 
and/or distant recurrences are managed, and if family members need to be tested. 
Patients found to be mutation carriers through genetic testing are suddenly empow-
ered to make decisions about further cancer prevention, reproduction, and treatment 
not just for their breast cancer but for looming cancers that may arise in other organs. 
Patients and family members who participate in genetic screening can be appropri-
ately counseled, and those individuals who test negative for mutation can avoid 
unnecessary interventions.

The initial step and cornerstone of assessing genetic risk in breast cancer is to 
perform an evaluation of the patient’s personal and family history. The evaluation 
should include the construction of a detailed three-generation pedigree that includes 
ethnicity, cancer history of each family member, current ages, ages at diagnosis/
death, and causes of death [4]. Based on the results of the personal and/or family 
history, their risk of carrying a mutation and/or their eligibility under the National 
Comprehensive Cancer Network (NCCN) guidelines [5] may render them good 
candidates for genetic testing.

 Hereditary Breast Cancers

 High-Penetrance Genes

Hereditary cancer syndromes are characterized by germline gene mutations, which 
are associated with a high risk for cancer development. These mutations are usually 
inherited in an autosomal dominant pattern and often have an early age of onset. 
Hereditary cancer syndromes are rare, accounting for only approximately 5–10% of 
all breast cancers [6]. Genetic predispositions that confer a high risk for breast 
 cancer include hereditary breast and ovarian cancer syndrome (HBOC, BRCA1/
BRCA2), Li-Fraumeni syndrome (TP53), Peutz-Jeghers syndrome (STK11), Cowden 
syndrome (PTEN), and hereditary diffuse gastric cancer syndrome (CDH1). Breast 
cancer risk is higher in individuals diagnosed with these syndromes, and there is a 
risk for developing tumors in other organs [7–10]. These high-penetrance genes can 
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be tested in clinical practice, and patients and other family members can derive 
significant benefit from knowing whether or not they have mutations in these genes.

Most hereditary breast cancers are caused by deleterious mutations in BRCA1 
and BRCA2. Mutation carriers have a 50–85% risk of developing breast cancer and 
a 15–60% risk of developing ovarian cancer by age 70. The risk of bilateral breast 
cancers has been estimated to be as high as 64% in BRCA1 mutation carriers diag-
nosed with breast cancer by age 60. Male BRCA2 mutation carriers have an increased 
risk of developing breast cancer, and male carriers of BRCA1/BRCA2 mutations are 
at increased risk for developing prostate cancer [11, 12]. BRCA1/BRCA2 mutation 
carriers have also been found to have an increased risk of developing pancreatic 
cancer [13, 14].

 Low- and Moderate-Penetrance Genes

Deleterious mutations in low and moderately penetrant genes, such as CHEK2, 
ATM, PALB2, BRIP1, BARD1, NBN, and RAD50, have also been shown to confer an 
increased breast cancer risk, although to a lesser degree than BRCA1 or BRCA2.

Truncating mutations in CHEK2 have been associated with a clinically meaning-
ful risk of breast cancer, ranging from 20% in mutation carriers with no affected 
relative to 44% in mutation carriers with either a first- or second-degree relative 
affected [15]. Biallelic mutations in ATM, a gene encoding a protein involved in 
DNA repair, were originally associated with ataxia-telangiectasia, a recessive early-
onset progressive neurological disorder. More recently, monoallelic ATM mutations 
have been shown to play a role in breast cancer susceptibility, conferring an estimated 
relative risk of 2.23 in all carriers and 4.94 in patients younger than 50 years [16]. 
Biallelic mutations in PALB2 have been linked with Fanconi anemia, whereas 
monoallelic mutations are associated with a predisposition to breast as well as 
 pancreatic cancer. PALB2 mutations have been shown to confer an absolute breast 
cancer risk of 33–58% by 70 years of age [17]. Monoallelic mutations in BRIP1, a 
gene encoding the BRCA1-interacting helicase, confer a relative risk of 2.0 for 
developing breast cancer [18]. Breast cancer penetrance of low-risk genes including 
BARD1, NBN, and RAD50 is not well defined; however, laboratories are now including 
them as a component of panel testing.

 The Breast Cancer Patient

Breast cancer patients can be classified as (1) patients diagnosed in the past who are 
being followed (currently cancer-free), (2) patients who have developed a local 
recurrence, (3) patients who have developed distant metastases, and (4) patients 
with a newly diagnosed breast cancer. Identifying the mutation status for women in 
each of these groups has common benefits, as well as specific benefits for certain 
groups.

15 Genetic Risk Prediction in Breast Cancer
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 Previously Diagnosed Breast Cancer Patients

In those patients being followed for a history of breast cancer, one might expect that 
they should have already been tested if they were at risk. Unfortunately, as men-
tioned previously, this seldom occurs. Even today, many patients who are at high 
risk never undergo genetic testing.

However, genetic testing rates have increased for younger women. One study 
reported an increase from 76.9% in 2006 to 95.3% in 2013 [19]. The study partici-
pants included 897 women with breast cancer aged 40 years or younger from aca-
demic and community medical centers. This is in contrast to a 2005 study, where the 
genetic testing rate was 16.7% based on a survey conducted of 551 women under 
age 45 who had been diagnosed with breast cancer between 1993 and 2002 [20]. 
There is a strong likelihood that genetic testing in younger women with breast cancer 
has increased given the prevalence of mutation carriers in this group [21].

Patients who were previously ineligible for genetic testing at the time of their 
diagnosis may now be eligible under the new expanded criteria for genetic testing. 
The statement on Genetic Testing for Cancer Susceptibility from the American 
Society of Clinical Oncology (ASCO) issued in 2003 recommended genetic coun-
seling/testing if (i) there was a personal or family history suggesting genetic cancer 
susceptibility, (ii) the test could be adequately interpreted, and (iii) the results would 
aid in the diagnosis or influence the medical or surgical management of the patient 
or family members at hereditary risk of cancer [22]. In 2010, the Hereditary Breast 
and Ovarian Cancer (HBOC) testing criteria for breast cancer patients as set forth 
by the NCCN included multiple criteria, including:

 (a) Individuals from a family with a known BRCA1/BRCA2 gene mutation
 (b) Personal history of epithelial ovarian/fallopian tube/primary peritoneal cancer
 (c) Personal history of male breast cancer
 (d) An individual of ethnicity associated with higher mutation frequency (Ashkenazi 

Jewish)

In 2016, the NCCN expanded their criteria for genetic testing of individuals at risk, 
to include individuals:

 (a) Diagnosed at age ≤60 with a triple-negative breast cancer
 (b) Diagnosed at any age with a family history of pancreatic and/or prostate cancer 

(≥2 close blood relatives)
 (c) With a personal history of pancreatic and/or prostate cancer and a family  history 

of breast, ovarian, pancreatic, and/or prostate cancer

The current guidelines highlight the importance of recognizing pancreatic cancer 
and prostate cancer risk related to BRCA1/BRCA2 mutations. It has been shown that 
there is a two- to threefold and two- to sevenfold higher risk of developing pancre-
atic cancer in patients with BRCA1 and BRCA2 mutations, respectively [14, 23–25]. 
Mutations in ATM, PALB2, STK11, and TP53 are also associated with both breast 
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cancer and pancreatic cancer risk [26]. These expanded criteria now make genetic 
testing applicable in patients who were previously not eligible.

Performing patient follow-up and updating family histories are also critical as an 
individual’s family history can change over time. Relatives who were previously 
unaffected may have developed a cancer, and this might make the patient eligible 
for genetic testing when she previously was not. It is difficult to understate the 
importance of updating the family history for patients in follow-up to avoid a missed 
opportunity for genetic testing.

Some patients may have undergone testing with an outmoded instrument resulting 
in a false-negative finding. For example, traditional methods fail to detect very large 
rearrangement mutations which account for 6–10% of all HBOC mutations identified 
[27]. Prior to 2006, standard genetic testing for mutations in the BRCA1 and BRCA2 
genes failed to identify mutations in 12% of 300 breast cancer patients from high-risk 
families [28]. These subjects had genomic rearrangements of BRCA1 and BRCA2 that 
were too large to be detected by conventional sequencing. At that time, genetic testing 
of BRCA1 and BRCA2 was carried out by a single commercial firm whose protocol 
was to sequence the exons and flanking regulatory regions of each gene, which can 
miss many mutations. A more comprehensive testing strategy now includes detection 
of large rearrangements in BRCA1 and BRCA2 [29]. The NCCN has updated their 
guidelines to support the inclusion of large rearrangement testing for all patients 
undergoing genetic testing for BRCA1 and BRCA2 mutations [5].

The NCCN also now acknowledges that multigene panel testing for hereditary 
forms of cancer may be more efficient and cost-effective. Multigene panel testing 
utilizes next-generation sequencing technology to interrogate multiple genes simul-
taneously and is recommended when more than one gene might explain an inherited 
cancer syndrome or when a patient with a personal or family history suggestive of 
an inherited predisposition to cancer previously tested negative.

Most patients who have undergone even recent genetic testing have been tested only 
for BRCA1 and BRCA2, leaving many other mutation carriers unidentified. There are 
over 25 breast cancer susceptibility genes in addition to BRCA1 and BRCA2. As 
described above, the six genes with high-penetrance mutations associated with a signifi-
cantly elevated cancer risk include BRCA1, BRCA2, TP53, PTEN, STK11, and CDH1 
[30]. ATM, CHEK2, and PALB2 are moderate-penetrance genes conferring a lower but 
significant breast cancer risk [31]. It has been shown that 7% of patients who previously 
underwent non-informative genetic testing were found to have a pathogenic mutation 
with multigene panel testing [32]. In a study of 1046 BRCA1-/BRCA2-negative indi-
viduals who underwent multi-panel gene testing, 3.8% were found to harbor mutations 
in breast and ovarian cancer genes (CHEK2, ATM, and PALB2) and Lynch syndrome 
genes [33], suggesting that patients who were only tested for BRCA1/BRCA2 mutations 
should be tested for mutations in other breast cancer susceptibility genes.

In BRCA1-/BRCA2-negative individuals, further testing of other breast cancer 
susceptible genes should be considered in those who have a suggestive personal 
and/or family history. As such, a thorough family history should not be limited to 
breast cancer and should include the identification of cancers of other organs that 
may be part of a breast cancer syndrome or other hereditary cancer syndromes. In 
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patients whose personal or family histories suggest more than one hereditary cancer 
syndrome or in patients with such histories who tested negative, the NCCN suggests 
that multigene panel testing should be offered [5].

As multigene panels are being increasingly used for genetic testing, it is  important 
to note that there will be a resultant increase in variants of uncertain significance 
(VUS) for which there is insufficient evidence to determine their clinical relevance. 
Thus patients must be counseled prior to testing regarding the higher percentages of 
these results.

The largest benefit of identifying mutation carrier status in breast cancer patients 
is to help determine optimal surgical management, which may include completion 
mastectomy with or without contralateral prophylactic mastectomy. Patients who 
underwent breast-conserving surgery without knowledge of their mutation status 
may reconsider mastectomy with or without contralateral prophylactic mastectomy 
after receiving a positive BRCA mutation result. The risk for contralateral breast 
cancer is 36.1% and 28.5% at 15 years after diagnosis in BRCA1- and BRCA2-
positive breast cancer patients, respectively, with women younger than 50 years of 
age more at risk than those older than 50 years [34]. In BRCA1/BRCA2 mutation 
carriers previously treated for unilateral breast cancer, contralateral prophylactic 
mastectomy was found to reduce the risk of contralateral breast cancer by 91% [35]. 
The potential benefit of prophylactic mastectomy on the contralateral side would be 
greatest in these patients, and the Society of Surgical Oncology (SSO) recommends 
mastectomy in the contralateral breast for women with a previous diagnosis of 
breast cancer at high risk for contralateral breast cancer [36]. This recommendation 
must be tempered by the age of the patient. Prophylactic removal of the contralat-
eral breast will be of far more benefit to a 35-year-old carrier than a 70-year-old 
carrier newly diagnosed with her first breast cancer. Posttreatment surveillance 
with breast MRI may be considered for patients who do not elect to undergo 
mastectomy.

Breast cancer patients with a BRCA1/BRCA2 mutation must also consider under-
going a risk-reducing salpingo-oophorectomy (RRSO), which is recommended 
between the ages of 35 and 40 years or at completion of childbearing. In addition to 
reducing the risk of ovarian cancer, RRSO has been associated with a reduced risk 
of contralateral breast cancer and ipsilateral breast recurrence in BRCA1/BRCA2 
patients with a history of breast cancer [37, 38].

Tamoxifen has also been shown to be protective against cancers arising in the 
contralateral breast for carriers of BRCA1/BRCA2 mutations. This finding suggests 
that tamoxifen should be strongly considered in patients with ER+ cancers [39, 40]. 
In an observational study of 2464 BRCA1/BRCA2 mutation carriers with a history 
of breast cancer, patients who received tamoxifen following unilateral mastectomy 
experienced a lower incidence of cancer in the contralateral breast [41].

A positive result on susceptibility testing in breast cancer patients does not nec-
essarily alter clinical management. First, one must assess the clinical actionability 
of each test result, defined as clinically prescribed interventions based on results of 
genetic testing. Desmond’s study found that 31.7% of patients who harbored 
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mutations in high-risk genes would have had a change in pretest recommendations 
for screening and/or preventive surgery. In contrast, a management change would 
have been recommended in 25% of patients who harbored mutations in genes asso-
ciated with low or moderately increased cancer risk. The identification of low- and 
moderate-risk genes was found to benefit family members who also harbored muta-
tions, as family members with mutations in low- or moderate-risk genes would be 
recommended for enhanced screening. Desmond’s study also found that in total, 
52% of mutation-positive patients would receive additional recommendations for 
screening and/or prevention based on NCCN guidelines [33]. Both the NCCN and 
Tung et al. have established screening guidelines and management approaches for 
patients with moderate-penetrance mutations in an effort to provide assistance to 
clinicians caring for these patients (Table 15.1) [5, 42].

Patients with high-penetrance mutations in TP53, PTEN, STK11, and CDH1 can 
be managed according to established guidelines for each associated hereditary can-
cer syndrome. For instance, it has been shown that patients with a TP53 mutation 
are at higher risk of secondary radiation-induced malignancies [43]. In these 
patients, avoidance of radiotherapy is recommended, and a bilateral mastectomy is 
favored. It is important to note that TP53 mutation carriers tend to have an earlier 
age of breast cancer diagnosis with an average age of 30 at the time of diagnosis. 
Thus, multigene panel testing should be considered in young breast cancer patients 
who test negative for BRCA1/BRCA2 mutations. Early identification of CDH1 
mutation carriers is also critical, as these patients have a higher lifetime risk of 
developing diffuse gastric cancer and lobular breast cancer. Given the high mortality 
associated with diffuse gastric cancer, prophylactic total gastrectomy is recom-
mended in these patients [44].

When a mutation carrier is identified, one of the most important things to do is 
cascade testing of as many at-risk relatives as possible. The identification of family 
members will markedly improve outcomes by identifying patients who are at 
extremely high risk and managing them in a way that will detect cancer earlier or 
prevent cancer altogether.

Cascade genetic screening is a methodology for identifying and testing family 
members at increased risk for a heritable disease. Cascade screening follows a sys-
tematic process of family tracing which minimizes costs and the number of family 
members who need to be tested. In 2012, the Center for Disease Control (CDC) 
developed an evidence-based classification schema for genomic applications in 
public health and clinical settings. Cascade screening was included as a Tier 1 
 application. Tier 1 genomic applications are defined as those having “significant 
potential for positive impact on public health” and include applications for HBOC 
and Lynch syndrome, as well as familial hypercholesterolemia [45]. The CDC 
 recommends a two-phase approach for HBOC with the Phase 1 approach including 
(1) enhancing cancer registry reporting, (2) informing evidence-based policy-
making by partner payers to enhance coverage, (3) developing and tracking surveil-
lance indicators, and (4) instituting outreach programs. The Phase 2 approach uses 
cascade screening to identify at-risk family members who may benefit from preven-
tive strategies [46].
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 Previously Diagnosed Patients Who Develop Local Recurrence

BRCA1-/BRCA2-positive patients with stage I/II breast cancer have a 12.9% 10-year 
risk of developing an ipsilateral breast recurrence [47]. These patients may elect to 
undergo completion mastectomy with or without contralateral prophylactic mastec-
tomy. After undergoing treatment, these patients require close follow-up in the same 
manner as all breast cancer patients.

 Previously Diagnosed Patients Who Develop Distant Metastasis

Mutation status can potentially help guide systemic therapy decisions in BRCA 
mutation carriers who develop distant metastases. While still under study, it appears 
that cisplatin chemotherapy and PARP inhibitors (small molecular inhibitors of the 
enzyme poly ADP-ribose polymerase) may be more effective in BRCA mutation 
carriers [48]. Developing data shows that BRCA1-associated cancers are more sen-
sitive to platinum therapy and less sensitive to taxanes [49, 50]. BRCA1-positive 
patients with breast cancer who are treated with cisplatin in both the neoadjuvant 
and metastatic setting have been shown to respond well to treatment [51]. Preclinical 
studies in breast cancer models show that the combination of a PARP1 inhibitor 
with cisplatin induces a larger response in BRCA2-deficient tumors than either com-
pound alone [52]. Currently, clinical trials with several PARP inhibitors are being 
conducted to assess the toxicities, efficacies, and benefits of the drugs in BRCA1-/
BRCA2-related breast cancer [53, 54]. PTEN-deficient tumors have also been shown 
to be sensitive to PARP inhibitors both in vitro and in vivo suggesting that treatment 
with PARP inhibitors may be considered for those with PTEN-positive breast can-
cer in the near future [55]. A similar result has been shown in ATM-deficient cells 
indicating that ATM depletion sensitizes breast cancer cells to PARP inhibitors [56].

 Newly Diagnosed Breast Cancer Patients

Most newly diagnosed patients accept genetic counseling and testing when offered 
[57]. Newly diagnosed breast cancer patients identified as mutation carriers have the 
option of breast-conserving therapy versus mastectomy with or without contralat-
eral prophylactic mastectomy. In a prospective study of 194 newly diagnosed breast 
cancer patients, 48% of patients found to carry a BRCA1/BRCA2 mutation chose 
bilateral mastectomy as their definitive breast cancer surgery compared to 24% of 
patients in whom no mutation was detected, highlighting the significance of genetic 
testing in newly diagnosed patients in surgical decision-making [58]. It has been 
shown that women found to have a mutation would have opted for bilateral mastec-
tomy if they had been identified as mutation carriers at the time of diagnosis [59]. 
Knowledge of one’s mutation status prior to definitive surgery may help women 
avoid a second surgery for those who would have chosen bilateral mastectomy over 
breast-conserving therapy. Patients with knowledge of their mutation status at the 
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time of diagnosis may also avoid radiation therapy after breast-conserving surgery, 
which may negatively affect the cosmetic outcome of reconstructive surgery. As 
mentioned above, platinum-based chemotherapy may be preferentially considered 
as systemic therapy for BRCA1 mutation carriers, and PARP inhibitors have thus far 
shown great potential in clinical trials.

 Breast Cancer Risk Prediction Models

Numerous risk models have been developed that use mathematical strategies to pre-
dict the risk of having a mutation in a cancer susceptibility gene such as BRCA1/
BRCA2. These models, used in conjunction with clinical guidelines and judgment, 
can assist in determining the need for a genetic counseling referral and genetic test-
ing. While many models focus on predicting BRCA mutation carrier status, the top 
three in terms of validation and common use in clinical practice are Myriad, 
BRCAPRO, and BOADICEA.

The Myriad model (Myriad I, also known as the Shattuck-Eidens model) pre-
dicts the risk of having a deleterious BRCA1 mutation based on logistic regression 
analysis of a group of 798 women who underwent genetic sequencing by Myriad 
laboratories [60]. The risk factors incorporated into this prediction model are age of 
first diagnosis of breast or ovarian cancer, Ashkenazi Jewish ethnicity, diagnosis of 
bilateral breast cancers, number of relatives (any degree) affected by breast cancer, 
number of relatives (any degree) affected by ovarian cancer, and number of relatives 
(any degree) affected by both breast and ovarian cancer. The Myriad II model, 
sometimes referred to as the Frank model [61], also uses logistic regression to refine 
its correlations between similar risk factors and mutation status albeit in a larger 
cohort of 10,000 women. Risk factors incorporated into the Myriad II tables include 
personal breast cancer history, with age of onset of breast cancer categorized as ≥50 
or <50, history of ovarian cancer, history of male breast cancer, and the combination 
of both breast and ovarian cancer. The family history assessment includes breast 
cancer accounting for age (≥50 or <50) and ovarian cancer at any age in first- or 
second-degree relatives. In contrast to Myriad I, this updated version predicts the 
risk of carrying a BRCA1 or BRCA2 mutation [62]. In comparison with other  models 
that predict BRCA1/BRCA2 mutation status, including BRCAPRO and BOADICEA, 
the Myriad II model has comparable sensitivities and specificities for predicting 
BRCA carrier status [63–65, 66]. The Myriad model can be applied in the clinical 
setting either by using an online risk calculator [67] or by using tables, which are 
also accessible online and routinely updated [68]. Separate tables exist for those 
with or without Ashkenazi Jewish ancestry. However, there are some drawbacks. 
The Myriad model is limited in that it can only incorporate risk from two relatives 
and it attributes the same degree of risk to all breast cancer patients under age 50, 
rather than looking at various age intervals for further risk stratification, such that a 
diagnosis of breast cancer in one’s early 20s is treated the same as a diagnosis in 
one’s late 40s.
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BRCAPRO, like the Myriad model, initially was developed to predict the risk of 
carrying a deleterious BRCA1 mutation [69] but was subsequently updated to pre-
dict the probability of a BRCA2 mutation as well [70]. In addition to predicting the 
likelihood of carrying a deleterious BRCA1/BRCA2 germline mutation, BRCAPRO 
also predicts the likelihood of developing breast or ovarian cancer within a set time 
period and more recently also predicts the risk of contralateral breast cancer in those 
already diagnosed with breast cancer [71]. While Myriad uses logistic regression to 
analyze risk factors predicting carrier status, BRCAPRO applies Bayes’ theorem 
and calculates risk based on published estimates of the prevalence and penetrance 
of BRCA1/BRCA2 and baseline rates of breast cancer in the population. BRCAPRO 
is thus updated regularly based on these changing rates. Familial factors incorpo-
rated into the model for each relative assessed include relation to patient, current 
age, breast cancer and ovarian cancer status, and age of diagnosis if affected. 
BRCAPRO also incorporates pathologic markers (ER, PR, HER2, CK14, CK5/CK6) 
for known breast cancer, race, and ethnicity (Ashkenazi Jewish, non-Ashkenazi 
Jewish, Italian, Asian, other), as well as information as to whether family members 
have undergone interventions such as mastectomy (specifying male  mastectomy 
and bilateral mastectomy) or oophorectomy [71]. Additional modifications, such as 
BRCAPROLyte and BRCAPROLyte-plus, have been made to provide simplified 
versions to ease the extent of data collection in the clinical setting [72]. For clinical 
use, BRCAPRO can be accessed via its native R implementation as part of the open 
source BayesMendel [73] package or via multiple web-based and commercial software 
packages [74–77].

Both Myriad and BRCAPRO models are most useful for assessing individual as 
well as familial risk in high-risk populations [78]. However, because they focus on 
assessing the probability of carrying a BRCA1/BRCA12 mutation, they do not 
address lower-penetrance susceptibility genes. In contrast, the Breast and Ovarian 
Analysis of Disease Incidence and Carrier Estimation Algorithm (BOADICEA) 
model, first described in 2002 [79] with further description of the refined model 
published in 2004 [80], predicts the likelihood of carrying a clinically harmful 
BRCA1/BRCA2 mutation and also assesses a purported polygenetic component of 
risk separate from BRCA1/BRCA2 mutations. Like BRCAPRO, BOADICEA uses 
Bayes’ theorem and additionally predicts the risk of developing breast cancer over 
time [80]. BOADICEA was developed in an original cohort of women from the 
Anglian Breast Cancer (ABC) study who were diagnosed with breast cancer under 
the age of 55 [79], and it was validated in multiple additional cohorts [80]. The 
model was updated in 2008 by incorporating data from two additional cohorts (the 
UK National Case-Control Study and the Manchester Study) and by accounting for 
family history of male breast cancer, prostate cancer, and pancreatic cancer [81].

Further updates in 2014 account for tumor pathology characteristics, including ER 
status, triple-negative status, and expression of basal markers (CK5/CK6 and CK14), 
and incorporate updated cancer incidences into the calculations [82]. Although all 
relatives within a patient’s pedigree may be incorporated into the algorithm, permit-
ting more complete data, this also increases the risk of recall bias [80]. When  compared 
with other genetic-based models, including BRCAPRO and Myriad, BOADICEA 
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demonstrates good overall predictive accuracy of carrier incidence within the 
 population, as well as discriminatory accuracy regarding mutation carrier status at 
the individual level [81, 83–85]. BOADICEA can be accessed via an online web 
application [86].

 Conclusion

Currently, it is recommended that genetic testing should be offered to all eligible 
breast cancer patients regardless of when they were diagnosed. Patients with a pre-
vious diagnosis of breast cancer should have close follow-up and be continually 
reassessed for their eligibility for genetic testing. Mutation carriers benefit from 
knowledge of mutation status in terms of definitive management, future risk man-
agement, and systemic therapy. Cascade genetic screening of relatives is critical. As 
multigene panel testing and the identification of actionable mutations is increasing, 
it is important for health care professionals to identify not only BRCA1/BRCA2 
mutation carriers but also patients who are mutation carriers of other heritable syn-
dromes. Tools that are designed only to identify BRCA mutation carriers can poten-
tially miss carriers of other gene mutations. Any patient at risk for a mutation in a 
cancer-causing gene should undergo genetic testing, and a comprehensive family 
history should include cancers of all other organ systems to evaluate for heritable 
syndromes.

Rapid advances in genomic sequencing technology have led to increasingly 
 personalized surgical and medical treatment options. It is likely that mutation-specific 
treatments for cancer-causing genes will become the standard in the future by provid-
ing accurate genetic diagnoses, comprehensive risk assessment, informed counseling, 
therapeutic profiling, and early prevention.
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