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Foreword

The sheer number of benign and malignant breast lesions and the options available
for the management of breast cancer may appear daunting. Even in the setting of a
unified, multidisciplinary team, there may be some disconnect among its members
(namely, pathology, radiology, medical oncology, surgical oncology, and radiation
oncology). For example, radiologists and pathologists may be unaware of specific
surgical, chemotherapeutic, or radiotherapy approaches and management tech-
niques (i.e., “what happens next”). Similarly, the oncologists (medical, surgical,
and radiation) may be unfamiliar with the diagnostic challenges encountered by
radiologists and pathologists. The lack of clarity to the often asked question of
“what next” or “what are they going to do next” may sometimes lead to ambigu-
ous diagnosis and possibly suboptimal management of the patient. The specialties
involved in the initial diagnosis (radiology and pathology) may consider the rest of
the management of patients “not their headaches,” mostly due to limited awareness
of “what happens next.”

We believe that it would be ideal for all members of the multidisciplinary team,
including the patient’s primary care provider, to have a basic understanding of the
entire process, from work-up to completion of treatment, including diagnostic and
therapeutic options, approaches, and techniques.

With this in mind, this text aims to present a practical and concise handbook
on the approach to diagnosis and management of breast diseases written by sub-
specialty experts for quick reference by trainees and general practitioners. There
are comprehensive reference texts on the criteria for diagnosis and algorithm for
management of breast diseases. This text aims to bridge the gap of “what next”
and foster an understanding of the diagnosis and management of breast tumors.

The Editors

vii



Preface

This book focuses on the approach to the diagnosis and management of common
breast lesions or tumors. There are generous illustrations and figures to enhance
readers’ appreciation of the lesions and processes being discussed. Medical stu-
dents, trainees, and physicians involved in diagnosis and management of breast dis-
eases will find relevant, practical points for their education and practice.

The book is divided into two parts. Part 1 is divided into five chapters. Each
chapter is written by subspecialty experts. Chapters 1 and 2 discuss the radiologic
and pathologic approach to diagnosis of breast lesions, respectively. Chapters 3, 4,
and 5 address the surgical oncology, medical oncology, and radiation oncology
approaches to management, respectively.

Part 2 focuses on the radiologic and pathologic diagnosis of selected breast
lesions with emphasis on radiologic-pathologic correlation. Entities such as fibro-
epithelial lesions, papillary lesions, proliferative lesions, invasive carcinomas and
miscellaneous lesions are highlighted. There are ample images to illustrate crite-
ria used to assess and categorize each lesion presented. In addition to radiologic-
pathologic correlation, Chap. 9 further highlights management approach and
treatment options for invasive carcinomas.

It is our hope that this text will enhance appreciation for the multidisciplinary
approach to the diagnosis and management of common breast lesions and pro-
vide some clarity for trainees and community/general practitioners on the ques-
tion of “what next?”.

The Editors
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Partl

Overview of Evaluation and Management
of Breast Diseases



Overview of Radiologic Quality
Assurance and the Imaging Evaluation
of Breast Lesions

Priti A. Shah

Quality Assurance in Breast Imaging

Although the field of radiology as a whole is subject to many levels of regulation
and accreditation, breast imaging, and specifically mammography, is a subspecialty
subject to rigorous standards of care that are legally mandated in the United States.
Two major entities collaboratively regulate breast imaging in the interests of quality
and safety. Responding to issues and inconsistencies in matters pertaining to patient
care and image quality, the American College of Radiology (ACR) developed the
Mammography Accreditation Program in the late 1980°s as a means of periodic
peer review and feedback from experts for improvement [1, 2]. Secondly, the
Mammography Quality Standards Act (MQSA) was enacted by Congress in the
1990’s to set national quality standards through specific regulatory requirements
that were established by the Food and Drug Administration (FDA) for mammogra-
phy [1, 3]. Under MQSA, all facilities that provide mammography services in the
United States must be inspected by the FDA every year, earn accreditation by an
FDA approved body (which includes the ACR, and the states of Arkansas, Iowa,
and Texas) every 3 years, and be certified by Health and Human Services every 3
years. Mammography facilities under the Department of Veterans Affairs, while not
included in MQSA, undergo accreditation by the ACR to maintain the same stan-
dards of care [2]. Through the interplay between these agencies’ directives, every
aspect of a mammography practice is overseen, including but not limited to tech-
nologist, radiologist, and physicist training, equipment quality control, radiation
safety, image quality, result documentation and communication practices, and
patient outcomes.

P.A. Shah, MD
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Some practical aspects of patient care by breast radiologists are also regulated.
For example, it is required by MQSA that patients are provided a written summary
of their mammogram results in non-medical terminology. This is separate from the
radiology report that is sent to the referring clinician. Because of MQSA, this direct
communication with patients has been the standard of care before the days of web-
based patient portals and widespread campaigns in medicine promoting patient-
centered care.

The breast radiologist is also responsible for establishing radiological — path-
ological concordance and directing patient management based on a biopsy result,
unlike for other image guided biopsies, or for other practitioners. In this way,
breast imagers are uniquely subject to standards not legally required by non-radi-
ologists. For example, a radiologist and a surgeon can both perform a core needle
breast biopsy, however, the former must document and track the results, patient
follow-up, and outcomes; and this data (among others) is then used to calculate
individual and practice statistics that comprise a medical audit subject to review
by the FDA. Recall rates, biopsy recommendations, true and false positives and
negatives, re-biopsy rates, invasive cancer detection, positive predictive values,
and so on are measured against established benchmarks, and routinely assessed.
Part of this is because of the self-directed nature of the breast imaging work up
that leads to procedures—there must be an internal system of checks and bal-
ances—but the main goal is to provide quality and consistency of patient care,
with appropriate follow up.

Nearly contemporaneous to the inception of the MQSA was the creation of
the Breast Imaging Reporting and Data System (BI-RADS) by the American
College of Radiology [4, 5]. In the vein of creating guidelines for clear report-
ing and monitoring patient outcomes, BI-RADS is a quality assurance system
most relevant to our referring clinicians with regard to the communication of
findings and recommendations for management by the radiologist through, for
example, standardized reports and categorization of follow-up. By using
BI-RADS, the radiologist can generate specific, concise, consistent reports via
a lexicon of approved terms, with clear, concise recommendations from defined
assessment categories to allow for meaningful, clinically relevant consultation
(Table 1.1).

Table 1.1 Breast imaging lexicon: examples of finding descriptors (mammography) [5]

Masses Shape: round, oval, irregular
Margins: circumscribed, obscured, microlobulated, spiculated, indistinct
Density: high density, equal density, low density, fat containing

Calcifications Morphology (suspicious): amorphous, coarse heterogeneous, fine
pleomorphic, fine linear, branching
Distribution: grouped, regional, diffuse, linear, segmental
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Breast imaging lexicon - assessment categories, likelihood of malignancy, and

management recommendation [5]:

O—Incomplete: need additional imaging evaluation or prior study for
comparison

1—Negative: ~0% likelihood of malignancy, recommend routine screening

2—Benign finding (e.g.. cyst): ~0% likelihood of malignancy, recommend rou-
tine screening

3—Probably benign finding (e.g., probable fibroadenoma, focal parenchymal
asymmetry): <2% likelihood of malignancy, recommend 6-, 12-, and
24-month follow-up; after which, if stable, finding is considered benign (BI-
RADS 2)

4—Suspicious: 2-10% likelihood of malignancy (4a, low suspicion); 10-50%
likelihood of malignancy (4b, moderate suspicion); 50-95% likelihood of
malignancy (4c, high suspicion), biopsy recommended

5—Highly suggestive of malignancy: >95% likelihood of malignancy, biopsy
recommended

6—Known biopsy-proven malignancy, treatment plan recommended

When used appropriately, each descriptor or combination thereof connotes a
differential diagnosis and a level of suspicion. For example, a description of an
oval low density mass with circumscribed margins suggests a specific differential
diagnosis (perhaps a cyst, fibroadenoma, or papilloma), one that is vastly different
from that implied by a description of an irregular dense mass with spiculated mar-
gins (such as an intermediate nuclear grade invasive ductal carcinoma or invasive
lobular carcinoma). However, it is important to note that there is considerable inter-
reader variability in choice of descriptors and terms even within the lexicon, pos-
sibly because of differences in perception and overlap in imaging features [6, 7].

There is some flexibility in these assessment categories to allow for the
nuances of actual patient care. For example, a subareolar abscess is a benign
finding, but short interval follow-up might be recommended to ensure resolu-
tion; a patient with a known malignancy may undergo imaging follow-up if she
is not a surgical candidate. When used appropriately, the lexicon enables the
radiologist to provide a meaningful report that guides patient care. Terms like
“clinical correlation advised” are discouraged in favor of concrete recommen-
dations and actions.

Screening and Its Controversies

By definition, a screening mammogram is for the routine surveillance of breast
cancer in an asymptomatic patient. It is comprised of two (nearly) perpendicular
low-dose x-rays of each breast: a craniocaudal (CC or top-to-bottom) and a medial-
lateral oblique (MLO or side-to-side) view. Two images of each breast are the stan-
dard of care to be able to include as much tissue in the image as possible; studies
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have shown a 25-45% increase in cancer detection when two views are obtained
compared with one [8]. This is because inherent in how the patient is positioned,
each view has a “blind spot” that has the potential of excluding some tissue—even
with superb technique, for example, a CC view may exclude some superior tissue,
and an MLO view may miss far medial tissue.

The specifics of frequency and age of initiation of screening mammography are
controversial. As with any screening program, the goal is early detection: to find
early stage cancer that is more susceptible to less aggressive treatments and there-
fore has the best prognosis and survival. With breast cancer, the 5-year survival rate
for localized disease at diagnosis can be up to 98.8%, and 12-year survival up to
95% with tumors smaller than lcm at diagnosis [9, 10].

The national benchmark for overall sensitivity of mammography is 86.9%, and
specificity 88.9% [11, 12]. Mammography is not a perfect test (is there a perfect test
in medicine?); however, it is one of the most studied tests in medicine, resulting in a
large volume of data, from but not limited to randomized control trials, that consis-
tently shows a significant (at least 30%) decrease in mortality when done annually in
average-risk women over 40, through early detection, with decades of follow-up
[13—17]. Part of the advantage of mammography is its ability to detect microcalcifi-
cations associated with stage O disease (intraductal cancer or ductal carcinoma in
situ) better than any other imaging modalities, even in women with dense breast tis-
sue. This is because DCIS often manifests as microcalcifications, the detection of
which is optimized by the radiographic technique used in mammography (low-dose,
high-resolution imaging). Starting at age 40 is recommended because the incidence
of breast cancer doubles in women ages 35-39 to ages 40—45 years old, and cancers
grow more aggressively in these women than in postmenopausal patients [9, 18, 19].
Although cancers in postmenopausal women may be more indolent, causing some to
favor less frequent screening in these patients, increasing age is a risk factor, and so
earlier detection may allow for less aggressive treatment options that are better toler-
ated in the setting of other health problems that may come with age.

Recent changes in screening guidelines are not based on new or refuting data, but
rather on a shift of attention away from the benefits of mammography to its potential
harms (see below). Simply put, for women of average risk, the US Preventive
Services Task Force (USPSTF) recommends biannual screening mammography for
women ages 50-74, stating that the net benefit is moderate. For women younger than
50, the position of the USPSTF is that the decision to screen should be an individual
one based on values of potential benefits versus potential harms and that the net ben-
efit for women in this group is small. And for women older than 74, the current evi-
dence is deemed “insufficient” to assess the balance of benefits and harms [20].

The American Cancer Society now advises that women should have the opportu-
nity to begin screening at age 40 if they choose, and that mammography be done
annually between 45 and 54; women over 54 can be screened every other year or
annually, depending on personal preferences [21].

The changes in guidelines, and the controversies, stem from new attention on
issues such as patient anxiety, radiation, false positives, and invasive procedures and
their complications [22]. These are important topics; however, as discussed below,
they do not outweigh the proven benefits of mammography when it comes to early
detection and survival.
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There is conflicting data regarding short term and long term effects of the
anxiety related to mammography, however, there is evidence that women are still
willing to return yearly even after a false positive; the apprehension is not inca-
pacitating, nor does it outweigh the desire to “know” one’s status regarding
breast cancer [23, 24]. Direct, radiologist-led patient education about screening
and breast cancer has also been shown to decrease anxiety through increased
patient knowledge and feelings of empowerment [25]. Lastly, significant portion
of this anxiety is attributed to waiting for results, and the fear of the unknown.
But rather than discourage mammograms for this reason, there are ways to
shorten the interval between screening, recall, diagnosis, and biopsy that serve to
alleviate this component of anxiety [26]. As outlined above, radiologists are
legally required to provide the patient with her imaging results, which is rou-
tinely done the same day in the case of a diagnostic workup. But practices may
opt to do this even with screening studies, even if only at the specific request of
the patient. Our practice routinely accepts add-ons and walk-in patients for
screening and diagnostic studies and offers same-day ultrasounds and biopsies.
We have an agreement with our pathologists to receive biopsy results the next
day, and the radiologist provides those results directly to the patient at that time.
If cancer is diagnosed, we immediately schedule the patient for a surgical con-
sultation, and the patient is seen within the week. While this can make for unpre-
dictable workflow, efforts by the entire team to streamline the process are seen as
being in the best interest of the patients.

All x-rays use radiation. However, there is no data showing that the radiation
from yearly mammograms is a cause of breast cancer. In the spectrum of medical
tests, mammography is considered low dose [27, 28]. A standard four-view mam-
mogram (two views of each breast) is approximately 1/7 of the radiation received
from natural background sources annually, such as the air, water, and soil in our
environment [29]. Moreover, as outlined above, all mammography facilities in the
United States are required to undergo routine inspection and accreditation by enti-
ties such as the FDA and American College of Radiology: practices are regularly
and systematically monitored with regard to equipment, safety, quality, radiation
dose, and technologist and physician training. So even though mammography uses
radiation, the vast, proven benefits of early detection outweigh the theoretical risks
from the relatively small dose of radiation, a dose which is kept in check.

With regard to false positives in mammography, in addition to monitoring data
such as equipment and dose, mammography facilities are also required to track
measures such as patient outcomes and physician performance. Among many
national benchmarks, the acceptable “abnormal interpretation rate” for screening
mammography is 5-12% [12]. While this may seem high, the number of patients
receiving a normal or benign result is, by definition, substantially higher: about
90 percent of screening patients get a clean bill of health. Of the 5-12% of patients
recalled, the vast majority will also be “cleared” with additional mammographic
views and/or ultrasound. Of the remaining, biopsy rates are less than 2 percent;
benchmarks for acceptable PPV for biopsies performed are 20-45% for screening-
detected abnormalities and 30-55% for palpable findings [12]. Many breast imagers
work hard to minimize recalling patients, and even lower recall rates and higher
positive predictive values can be acheived through better technologist and physician
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training [30]. For example, for about a decade, the collective callback rate in our
practice was less than 10% and our PPV for biopsies 50-60%. Double reading has
also been shown to decrease call backs [31, 32]. In addition to better training and
collaboration, advances in technology can contribute to lowering recall rates and
false positives. 3-D mammography, or tomosynthesis, is an example of this. Instead
of a single, “flat,” 2-dimensional image, these 3-D studies provide the radiologist
with multiple separate thin (1 mm) “slices” through the entire thickness of the breast
that can be evaluated layer by layer. This can decrease the effect of summation or
superimposition of normal structures encountered more frequently with the tradi-
tional (2-D) mammogram, thereby decreasing false positives, and allow for the
increased detection of invasive cancers [33-35].

With regard to the potential harm of invasive procedures, when a biopsy is neces-
sary, there are opportunities to minimize local trauma and, therefore, associated
discomfort and possible complications. Imaging-guided core needle biopsies are
less invasive than surgical biopsies, can be done in the same exam room as the mam-
mogram or ultrasound, and require no I'V or general anesthesia, nor advanced prepa-
ration (such as fasting or stopping anticoagulation) by the patient. The complication
rate of imaging-guided needle biopsy is <1%, which includes bleeding, infection,
and tissue damage [36, 37]. Even then, there are opportunities for improvement. For
example, smaller gauge, spring-loaded biopsy needles may be used instead of larger,
vacuum-assisted ones in certain circumstances. Physician skill and more precise
techniques can allow for taking fewer, “high-yield” samples (my mentor once said
that theoretically, you only need one core to make the diagnosis—which drives me
to make each pass count to this day). Using a patient-centered and specific approach
to decide which patients may or may not benefit from placement of a marker clip,
which is routinely placed at the biopsy site by almost all radiologists and requires a
two-view post-procedure mammogram to confirm its location, may obviate the cost,
extra time, and radiation associated with this part of the procedure.

In these ways, the potential harms of screening can be addressed and overcome,
rather than being used as excuses to discourage annual mammography. To discour-
age or possibly limit access to this lifesaving test going forward may undo all of the
gains in early detection and survival made previously.

It is important to reiterate here that the controversies in screening guidelines are
with regard to the average-risk patient. Most organizations still agree that women
who are high risk (see below) should start annual screening at 40 or earlier based on
their risk factors such as age of onset of cancer in a first-degree relative.

Diagnostic Imaging

As the name would imply, diagnostic imaging is typically reserved for the workup
or diagnosis of a specific sign or symptom of the breast or axilla or to evaluate an
abnormality on a screening mammogram. Common clinical examples include a
“lump” felt on physical exam, skin changes, focal pain, and spontaneous nipple
discharge. In most practices, diagnostic imaging involves a combination of
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additional mammographic views and/or ultrasound, and the evaluation is tailored
to the patient based on the findings at each step of the process. This “work-in-
progress” approach keeps the radiologist alert, and, as he/she must (by MQSA)
provide results directly to the patient in lay language, requires that the radiologist
“own” his/her assessment and plan.

Without getting into the technical aspects of diagnostic workups, some of the
additional mammographic images include spot compression views at the area of
radiographic concern and full paddle views done at different angles than standard
screening views. Altering the angle at which tissue is seen, and further compressing
the breast in the specified area, can reduce the potential masking effect of normal
overlapping tissue and allows for confirmation, improved visualization, and local-
ization (for possible ultrasound or biopsy) of the finding in question. In the case of
a mass, confirming it in two (perpendicular) planes is integral to the BI-RADS defi-
nition of a mass. If the suspected finding “disappears,” it may be attributed to tissue
overlap at the time of screening, and no further workup may be needed. As an anal-
ogy, for example, when we take our laundry out of the washer, it is often “balled
up.” When spread on the clothesline, we see that there was never really a “ball” in
it. The radiologist may perceive a “mass” or “lump” at screening that “spreads out”
as normal tissue once viewed from a different angle, and further, focal compression
is applied. If a finding persists/is confirmed on spot compression views, ultrasound
may be undertaken, particularly in the evaluation of a mass, architectural distortion,
or focal asymmetry.

Calcifications are further evaluated with magnification views because of their
size. These views use different patient positioning and technical factors than stan-
dard screening or spot compression views to optimize contrast and resolution and
minimize the effect of superimposed tissue—all paramount when assessing struc-
tures smaller than a millimeter. Ultrasound is not usually useful in further character-
ization of microcalcifications. The detection and work up of breast calcifications is
further outlined below.

Breast Density

Breast tissue is composed of fatty, fibrous, and glandular tissue. These elements
vary in proportion from person to person and sometimes between breasts in the
same patient (see discussion on asymmetry below). The amount and combination of
types of tissue are under genetic and hormonal influences, and though it can change
somewhat during a lifetime, it is simply how an individual woman’s breast is made.

Fatty tissue is radiolucent, translating to a higher sensitivity for mammography
to detect small cancers, since invasive cancers (most often, masses) are typically
equal or higher density than breast tissue. Fibrous and glandular tissue, sometimes
termed together as fibroglandular tissue, is more opaque or “dense” radiographi-
cally. So it follows that the more fibrous and glandular the tissue, the denser the
breast tissue appears, and the more challenging it is to detect a small cancer. It is the
old polar bear in a snowstorm analogy, hence the decreased sensitivity of
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mammography in dense breasts (Figs. 1.1 and 1.2). To add to this limitation in
detection, studies also show a mild to moderate increase in cancer risk incurred by
having predominantly dense tissue, the mechanism of which is still unclear [38].

Fig. 1.1 Breast composition as defined by the ACR BI-RADS mammography lexicon [36]. (a)
Almost entirely fatty. (b) Scattered areas of fibroglandular density. (¢) Heterogeneously dense. (d)
Extremely dense
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Fig.1.1 (continued)

Fig.1.2 Lowered sensitivity of the detection of masses in extremely dense breast tissue. 40-year-
old woman with family history of premenopausal breast cancer. (a) Standard and (b) spot com-
pression views done for a “lump” in the left breast (marked with a metallic BB on the skin) do not
clearly show a mass. (¢) Targeted ultrasound demonstrates an irregular mass, biopsy of which
yielded invasive ductal carcinoma, high nuclear grade
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Fig.1.2 (continued)

The lowered sensitivity of mammography combined with increased cancer risk
associated with dense tissue has driven patient advocates and politicians to establish
state laws requiring radiologists to directly inform patients about their breast den-
sity in more than half of the United States—known as breast density notification
legislation. The goal of this is to provide women information to allow them to make
more informed decisions regarding screening and breast health. At our institution,
the statement added to result letters reads:

Your mammogram demonstrates you have dense breast tissue. Dense breast tissue is very
common and is not abnormal. However, dense breast tissue can make it harder to find can-
cer on a mammogram and may also be associated with an increased risk of breast cancer.
This information about the result of your mammogram is given to you to raise your aware-
ness. Use this information to talk to your doctor about your own risks for breast cancer. At
that time, ask your doctor if more screening tests might be useful, based on your risk.

Of note, by MQSA requirements, density information has always been included
in the radiology report that is sent to the ordering clinician; it is only in recent years
that individual states are mandating this information be included in the patient result
letter as well.

However, the benefit of this information is not as clear cut as it seems and has given
pause to radiologists and patients alike, especially amidst the controversies about
screening guidelines. Some radiologists’ threshold for classifying tissue as “dense” is
when the mammogram is > 50% dense. This was further divided into categories of
“heterogeneously dense” (51-75%) or “‘extremely dense” (>75%) by older editions of
the BI-RADS lexicon; the current edition does not provide percentage guidelines,
reflecting that the majority of radiologists make this assessment subjectively [39]. As
would be expected, there is much (documented) inter- and intraobserver variability in
breast density assessments [40]. Software programs exist to objectively quantify dense
tissue; however, these are in large part investigational, and currently not in routine clini-
cal practice. Secondly, density is also affected by radiographic technique. For example,
if the image is undercompressed or underpenetrated, breast tissue can appear
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Fig.1.3 Microcalcifications superimposed on dense breast tissue. (a) Standard full paddle CC and
MLO views in a 33-year-old patient presenting with a palpable “lump” (marked on the skin with a
metallic BB) in the right breast. Calcifications can be seen in the upper central aspect of the breast
posteriorly (arrows) even on routine views. (b) Spot compression magnification CC and (¢) LM
views confirm fine linear calcifications in linear orientation; biopsy showed ductal carcinoma in situ

artificially dense. Making a determination that tissue is dense has serious ramifications
for the patient, not the least including anxiety and the possibility of additional tests, and
therefore this assessment should be as accurate and reproducible as possible.

Another issue is that breast density does not tend to affect the ability to detect
microcalcifications associated with early breast cancer, DCIS, to the same degree as it
does for small masses. Calcifications are denser, or “whiter,” than dense breast tissue
and can therefore still be seen in a background of dense tissue. Therefore, discourag-
ing women from mammography because of dense breast tissue may result in missing
the opportunity to find an early-stage intraductal cancer, before it has a chance to
progress to invasive disease and form a mass obscured by overlying tissue (Fig. 1.3).

In a similar vein, one of the myths amidst the screening controversies is that mam-
mograms are ineffective in young women because they mostly have dense breast tis-
sue. This is untrue for two reasons. That all young women have dense tissue is a myth;
and as indicated above, microcalcifications of DCIS are still apparent in dense tissue.

Women with dense breasts may undergo supplemental screening; however, the
trade-off for the increased cancer detection may be increase in false positives, par-
ticularly with ultrasound. Perhaps even more of an obstacle is that while breast
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density notification legislation obligates radiologists to inform patients of their den-
sity, in most states, the legislation does not mandate insurance companies to cover
supplemental screening tests such as whole-breast ultrasound or MRI, which cost
significantly more than screening mammograms. So while we empower patients
with information, their ability to act on it may be limited.

Ultrasound

Ultrasound can be used as first line for diagnostic purposes when the risk of even
low-dose radiation to the breast tissue outweighs its benefits, mostly when breast
tissue is more “active” under strong hormonal influences. This is the case for women
under 30, given the continued growth of breast tissue into the 20s, versus the low
likelihood of cancer in this age group. Ultrasound is also used preferentially in
patients who are or were recently pregnant or breast feeding. Patients who have
undergone a mastectomy can also be imaged with ultrasound if presenting with a
symptom that requires imaging evaluation.

Otherwise, sonography (ultrasound) should be used as an adjunct to mammography,
to further characterize a palpable or radiographic finding and to provide biopsy guid-
ance. Although the utilization of screening ultrasound is increasing with recent breast
density notification legislation, even when these are recommended, it is in the setting of
concomitant mammography, as the sensitivity and specificity of ultrasound for cancer
detection are higher when combined with mammography than when used alone [41,
42]. As mentioned earlier, mammography is not a perfect test; however, we know that
some cancers—e.g., intraductal and even some invasive lobular carcinomas—may be
occult or at best subtle sonographically. Mammography is the gold standard for cancer
detection, and we would be remiss if we start substituting ultrasound for patients who
simply don’t want to undergo a mammogram.

Quality assurance programs similar to those established for mammography are also
in place for ultrasound. Though not required by law as for mammography, facilities
may participate in the voluntary peer-reviewed ultrasound accreditation process by the
ACR, comparable to that required for mammography. This accreditation for ultrasound
is mandated by some insurance companies for reimbursement. Similar to mammogra-
phy, the ultrasound accreditation program, which separates diagnostic ultrasound and
ultrasound-guided interventions, assesses issues such as radiologist and technologist
qualifications and experience, equipment, image quality, documentation, needle posi-
tioning, and radiologic-pathologic concordance and patient outcomes with regard to
biopsies and fine needle aspirations.

With regard to day-to-day practice of ultrasound, the ACR has also set practice
parameters for image acquisition and annotation. These are not merely boxes to be
checked for accreditation, but, when followed, allow for optimum image quality and
therefore the best possible visualization and categorization of the finding and subse-
quent management of the patient. Being mindful of and adjusting technical param-
eters (such as field of view, focal zone, depth) appropriately must be a part of every
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patient’s scan to obtain accurate diagnostic information. Ensuring that ultrasound
findings (with regard to lesion location and imaging characteristics) are concordant
with the mammogram is also paramount and is the responsibility of the radiologist
even if a sonographer acquires the images. For example, if working up a mammo-
graphic finding of a spiculated, solid mass in the upper inner quadrant, a cyst (which
is characterized by circumscribed margins and absence of internal echoes) found in
the upper outer quadrant would be considered incidental and incongruent with the
mammographic finding, which would still need to be identified. Confirmation of
findings in perpendicular planes, similar to mammography, is also necessary.

MRI (Magnetic Resonance Imaging)

For breast MRI to be useful in the diagnosis of breast cancer, it must be done with the
administration of intravenous gadolinium-based contrast, following which multiple
“runs” of repeat imaging are done to provide a dynamic set of images over time. This
is because most cancers have avid, rapid influx and outflux of contrast due to
increased vascularity and vascular permeability compared with normal tissue, related
to tumor angiogenesis [43, 44]. In addition to the visual assessment of lesion mor-
phology and contrast uptake, special software is used to process the kinetic curves of
this enhancement. For example, lesions that demonstrate “fast” initial enhancement
(>100% signal intensity in the first 2 minutes after contrast injection) and “washout”
on delayed images (decrease in signal intensity by >10% from peak enhancement)
have the highest likelihood of malignancy.

That being said, hormonal influences can cause (sometimes marked) normal
background parenchymal enhancement from which the radiologist must tease out
possible lesions (Fig. 1.4). Abnormal findings at MRI may be further worked up
with targeted ultrasound and/or biopsy (either sonographically or MRI guided).

Fig.1.4 Variations in background parenchymal enhancement related to hormonal changes. These
2 images are from a screening MRI done one year apart in the same patient, at different times in
her menstrual cycle. Typically there is less physiologic enhancement during days 7-14, the follicu-
lar / proliferative phase, as in (a), compared with the luteal/secretory phase as in (b)
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Although more sensitive than mammography for invasive cancers (88—100%),
MRI can be less specific [43, 45, 46]. In addition, some radiographically apparent
low-grade intraductal cancers, and some invasive lobular cancers, may not enhance.
This is why we interpret MRI in conjunction with a recent mammogram; we do not
supplant mammography with MRIL

Other “downsides” to MRI include the cost and length of the exam (some proto-
cols are about 35 minutes, although abbreviated protocols are on the horizon) and
some of its contraindications that exclude certain patients—e.g., those with pace-
makers or other implanted metal and those with renal failure (due to the risk of
nephrogenic systemic fibrosis with gadolinium-based contrast, not impairment of
renal excretion per se). Claustrophobia is also an issue for many patients.

With regard to quality, facilities that perform and interpret breast MRI may also
choose to earn accreditation analogous to that for mammography and ultrasound.
Sites that achieve accreditation by the ACR for four breast imaging modalities
(mammography, ultrasound, MRI and stereotactic biopsy) are given the designation
as a Breast Imaging Center of Excellence.

Screening MRI

The American Cancer Society recommends annual MRI as an adjunct to mammog-
raphy in women with a >20-25% lifetime risk of breast cancer [21]. This risk may
be calculated by one or more of several risk models such as Claus, Tyrer-Cuzick,
BRCAPRO, and BOADICEA, the results of which can be discussed with the patient
in a larger context of genetic counseling with regard to overall risk assessment and
prevention. Patients who are assigned a lifetime risk of >20% include those with a
known genetic predisposition; a mutation in one of the many identified genes impli-
cated in breast cancer, such as BRCA1 or BRCA2; those with a first-degree relative
with such a mutation but are untested themselves; those who have had mantle
(chest) radiation between the ages of 10 and 30 (usually for lymphoma); and those
with (or a first-degree relative with) Li-Fraumeni syndrome, Cowden syndrome, or
Bannayan-Riley-Ruvalcaba syndrome. With the advancement of genetic testing,
more and more mutations are being discovered that may also have a role in increas-
ing risk. For women at high risk, the consensus is to start yearly screening with
mammograms and MRIs at 30, but depending on certain risk factors, some may
start as early as 25 after discussion with their primary doctors and/or genetic
counselors.

In light of the discussion on dense breast tissue above, it is important to note that
dense breast tissue alone is currently not an indication for screening MRI; nor is a
prior history of breast cancer or high-risk lesion. Unless a combination of these and
other factors adds up to a >20% lifetime risk, insurance companies may not provide
coverage in the United States.

Diagnostic MRI can be used to evaluate the extent of a newly diagnosed breast
cancer (including multifocal and multicentric disease, chest wall involvement and
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axillary lymph nodes), the response to neoadjuvant chemotherapy, and in the setting
of axillary node metastatic disease with an unknown primary. Less often, it is used
for problem-solving—e.g., to help distinguish between scar versus recurrence—at
the discretion of the radiologist. MRI is also helpful in the evaluation of silicone
implant integrity, specifically for intracapsular (“internal”) rupture.

Imaging Evaluation of the Patient

What is a breast radiologist looking for? Generally speaking, masses, architectural
distortion, asymmetries, diffuse changes and calcifications. But, as with everything
in medicine, each of these has a differential diagnosis—not everything reported will
be a cancer. Actually, the vast majority of findings are benign, and depending on
practice variations, some radiologists may not include them in a dictation to prevent
cluttering their reports, or confusion or worry on the part of the patient and clini-
cian. For example, normal intramammary and axillary lymph nodes, or skin and
vascular calcifications, may not even be mentioned, with preference given to a more
general statement such as “no suspicious masses or malignant type calcifications are
identified.”

So how does the radiologist decide what constitutes a benign finding and what
warrants further workup? Therein lies the BI-RADS lexicon (...and experience).
Not only does the lexicon allow for clear, consistent reporting, but its focus on fea-
ture analysis through specific terminology allows for “triage.” When, as an example,
through actively looking and engaging in an internal dialogue, the radiologist could
describe a mass as oval and fat containing with circumscribed margins in the upper
outer quadrant, he/she knows that is defining a normal intramammary lymph node
and may decide not to report it at all. If one could report oval, lucent-centered cal-
cifications at the inframammary fold, these are congruent with skin calcifications
and can be left alone, even if they are new.

A mass, by definition, must occupy space in three dimensions, or on two
orthogonal imaging projections. It has convex borders and mammographically is
denser centrally than peripherally. Radiologists evaluate masses with regard to
shape, margins, radiographic density, internal composition, and other imaging
characteristics depending on the modality, such as the effects on surrounding
tissue.

Architectural  distortion is the disruption of normal tissue planes.
Mammographically and on MRI, it appears as straightening of parenchymal lines
(Fig. 1.5); normally, the interfaces of intermingled fatty and fibroglandular tissues
are gently undulating. Sonographically, the disruption of tissue planes may be more
apparent as ligaments seem to stop and start, with interspersed ill-defined, “hazy”
parenchyma. While distortion can reflect underlying invasive lobular cancer
(Fig. 1.5) or DCIS, benign etiologies such as postsurgical change or trauma need to
be considered if consistent with the patient’s history and physical exam (i.e., a scar
on the skin directly over the area in question on imaging).
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Fig. 1.5 Architectural distortion. (a) Screening views of the left breast demonstrate “straighten-
ing” of normal parenchymal contours, radiating from a central point in the upper central aspect of
the breast posteriorly (arrows); this was the sequelae of a prior surgery and unchanged for many
years (BI-RADS 2, benign finding). (b) Developing distortion (arrows) in the absence of prior
trauma or surgery resulted in recall of a different patient from screening for spot compression
mammographic views; (c) targeted ultrasound showed ill-defined hypoechoic tissue with echo-
genic “peaks” (arrows) disrupting normal tissue planes and posterior acoustic shadowing
(BI-RADS 5, highly suggestive of malignancy). Biopsy of this showed invasive lobular
carcinoma
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Fig.1.5 (continued)
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Fig. 1.6 Focal parenchymal asymmetry. An “island” of otherwise normal fibroglandular tissue
(arrows) that is not mirror imaged in the other breast. As this was unchanged over many annual
screenings, it was considered benign (BI-RADS 2, benign finding)

Asymmetry may look like glandular tissue. In fact, more often than not, it is
normal glandular tissue that is either superimposed on itself such that it stands
out in one plane (and may therefore look like a mass); or, simply as it sounds, it
can be just an area of tissue that is not “mirror imaged” in the other breast
(Fig. 1.6). The latter, which is most often a normal variant (or related to excision
of a comparable region on the other side), is termed focal asymmetry when it is
restricted to one quadrant and global when it extends beyond. When stable over
time, or in the absence of other suspicious findings, this is benign. As an analogy,
one’s right foot may be slightly larger than the left foot; aside from making shoe
shopping frustrating, this is by no means pathologic. Similarly, having an island
of glandular tissue in one breast but not the other is normal for some women and
does not increase cancer risk. A developing asymmetry, on the other hand, typi-
cally warrants a workup, which often includes a biopsy, because, as the name
implies, it is a new or increasing finding when compared with prior studies.
While some fibrocystic changes and other benign entities such as pseudoangio-
matous stromal hyperplasia (PASH) and focal fibrosis may manifest as develop-
ing asymmetries in the right clinical setting, malignancy should be considered
(Fig. 1.7).

Radiologists must also see the forest through the trees, so to speak. While trained
to detect the smallest, most subtle, earliest possible signs of cancer, the “big picture”
is also evaluated, for example, with regard to global changes such as altered breast
size and edema. Edema manifests as skin and/or trabecular thickening, resulting in
a larger or thicker breast that is less compressible. These findings may point to a
systemic process if bilateral (such as fluid overload), or a diffuse inflammatory pro-
cess if unilateral (e.g., mastitis or vascular obstruction). Inflammatory breast cancer
is a rare but important cause of unilateral diffuse change, suggested clinically by the
rapid (<6 months) onset of swelling, erythema, and peau d’orange change; multiple
masses may be seen in the breast and axilla.
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Fig.1.7 Developing asymmetry. (a) Screening mammogram 2 years ago in a 70-year-old woman
was normal. (b) Screening mammogram 2 years later showed increasing density in a segmental
distribution in the left retroareolar region (arrows). (¢) On targeted ultrasound, there were dilated
ducts, some with internal echoes and soft tissue that was targeted for biopsy. (d) MRI done for
biopsy-proven ductal carcinoma in situ, micropapillary type, showed diffusely enhancing ductal
structures and tissue extending posteriorly from the left nipple (arrows)

Breast Calcifications

Breast calcifications are best seen mammographically. These are most commonly
deposits of calcium phosphate; on occasion, the pathologist will find calcium oxalate
(often in conjunction with apocrine metaplasia) [47], but radiographically these may
not be distinguishable. Calcifications associated with malignancy tend to be small
and fine, termed “microcalcifications,” at or smaller than 0.5 mm. Again, while there
is a differential diagnosis that includes benign and malignant etiologies, their mor-
phology may predict the likelihood of malignancy. For example, classically, fine-
linear branching calcifications are associated with DCIS; this makes sense given
these calcifications arise amidst intraductal cellular debris and thereby “outline” or
“cast” their linear and branching ducts. However, calcifications may have a similar
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appearance early on in the setting of nascent vascular disease or periductal fibrosis;
all calcifications start somewhere and, in their early stages, may mimic cancer.

In fact, most of the calcifications seen on mammography are the result of benign
processes, such as the wide gamut of fibrocystic and physiologic changes. If these
are pathognomonic in appearance, such as in the case of a large, “chunky,” or “pop-
corn-like” calcifications indicative of a hyalinizing fibroadenoma, or the “layering”
seen in milk of calcium associated with apocrine metaplasia, these are left alone,
and may not even mentioned in a radiology report in an effort to focus on only clini-
cally relevant findings. Table 1.2 lists some of these common benign types of calci-
fications, listed by their BI-RADS descriptors, and are illustrated in Fig. 1.8.

In contrast, the calcifications hunted and reported by the radiologist are those that
may be associated with lesions warranting treatment, for example, high-risk lesions
such as atypical ductal hyperplasia (ADH) and the earliest form of breast cancer,
ductal carcinoma in situ (DCIS, or intraductal cancer). These are microcalcifications,
some smaller than 0.5 mm. The radiographic technique used for mammograms
allows for image contrast and resolution that is far superior to other types of x-ray
modalities, such as chest x-rays or CT scans, for the detection of these tiny calcifica-
tions. In fact, calcifications detected on those modalities are usually the large, dystro-
phic, coarse ones pathognomonic for benign processes, such as calcifying fat necrosis
or hyalinizing fibroadenomas [48]. Not surprisingly, with the advent of routine
screening mammography in the United States in the 1980s, the incidence of DCIS
skyrocketed (increased by at least 200%)—due in part to the detection of tiny intra-
ductal calcifications that allowed for the diagnosis of breast cancer before its pro-
gression to invasive disease felt clinically as a “lump.” Because of the earlier detection
of breast cancer, the morbidity and mortality from it also plummeted [49, 50].

But as small as they are, microcalcifications are quite variable with regard to mor-
phology, distribution, and density—all features that reflect their origin histologically.
These features are best evaluated on special mammographic views—spot compression
magnification views—given their higher resolution than even standard views. The
BI-RADS lexicon provides an organized approach in classifying calcifications. Along
with the lexicon, consideration of patient risk factors, age, and interval change guides
the differential diagnosis and determination of an appropriate management plan.

In classifying calcifications, the radiologist considers their size, form or morphology,
and distribution. The lexicon is extremely helpful in standardizing this determination
and ultimately the report, but one must remember that descriptors are merely that; words
should not connote an instant diagnosis or classification of benign versus malignant (a
task left up to the pathologist!). For example, “linear and branching” are buzzwords
among residents and non-breast imagers for DCIS. But linear and branching calcifica-
tions, just using the words as descriptors, can be seen in periductal fibrosis, fibroadeno-
mas, secretory disease, and atherosclerotic disease, all unequivocally benign processes!

Table 1.2 Benign calcifications—descriptors [39]

Skin Round
Vascular Rim

Coarse, “popcorn-like” Dystrophic
Large rodlike Milk of calcium
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Fig.1.8 (a—k) Commonly seen benign-type breast calcifications. (a) Skin calcifications are typically
round or oval with lucent centers, usually seen in the cleavage, inframammary fold, and along surgical
scars. (b) Vascular calcifications can sometimes be seen associated with a tubular soft tissue density
representing the artery itself; these calcifications line the media and are often referred to as “tram track-
ing.” (¢ and d) Coarse “popcorn-like” calcifications are commonly seen in hyalinizing fibroadenomas
and can be large enough to be seen on CT scans. (e and f) Large rodlike calcifications are linear and
branching because they are intraductal secretory calcifications; these are distinguished from ductal
carcinoma in situ by their larger size, increased density, sharp edges, and “needle” or “cigar” shape and
often diffuse distribution. These are associated with duct ectasia. (g) Round calcifications may be up
to 1 mm in size. (h) Rim calcifications are often associated with oil cysts, deposited along the surface
of the sphere. (i) Dystrophic calcifications can be large (>2-3 mm), “bizarre” shapes, dense, and the
result of trauma or radiation or just related to the stroma; in this patient, these are seen at site of remote
lumpectomy and radiation. (j and k) Milk of calcium is calcium in suspension, layered in the bottom
of microcysts that are often clustered; the change in configuration of calcifications from round or
amorphous (“smudgy”) in the craniocaudal view, to curvilinear or linear in the true lateral (90°) projec-
tion, is pathognomonic and sometimes called “layering” or a “teacup” appearance
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Fig.1.8 (continued)
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Regardless, the likelihood of malignancy with specific morphologies has been
studied and is listed in Table 1.3 alongside a list of the BI-RADS descriptors for the
morphology of suspicious calcifications [39], with examples in Fig. 1.9.

Table 1.3 Suspicious Amorphous 13-26%

calcifications: morphology

descriptors and likelihood of C‘oarse heteroge.neous 1-20%

malignancy [39] Fine pleomorphic 28-29%
Fine linear or fine-linear branching 53-81%

Fig.1.9 (a—d) Suspicious morphology calcifications. (a) Amorphous calcifications can be thought
of as “smudgy” or “indistinct”; the differential diagnosis ranges from fibrocystic changes to atypical
lesions to low-nuclear-grade DCIS. If new or an isolated group, biopsy is often done, as in this
53-year-old patient; linear distribution was also suspicious. Histology was benign breast tissue. (b)
Coarse heterogeneous calcifications may vary in size and density but are more discrete than amor-
phous or fine forms. Differential diagnosis may include fibroadenoma, papilloma, stromal/periduc-
tal fibrosis (as in this 41 year old) or intermediate to high nuclear grade DCIS. (¢) Fine pleomorphic
forms are small and slight; etiology may be benign, for example, “early” forms of popcorn or dys-
trophic forms, FCC, stromal fibrosis (as in this 40-year-old woman), atypical lesions, or (d) DCIS
as in this 63 years old. (e) Fine linear or fine-linear branching calcifications are the “buzzwords” for
DCIS (typically high nuclear grade, with comedonecrosis and resultant “casting” of the ducts, as in
these 2 different women. Some benign causes may be congruent on pathology if one is confident of
adequate sampling, such as fibroadenoma (f; arrows, with adjacent vascular calcifications, arrow-
heads), papilloma, fat necrosis, fibrosis—all calcifications start somewhere!
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Fig.1.9 (continued)
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With regard to distribution, typically, the more diffuse the calcifications, the
more likely they reflect a benign process (however, again, morphology and interval
change must also be considered). Linear or segmental calcifications suggest a ductal
process, following a ductal distribution (Table 1.4, Fig. 1.10).

It is important to note that although the BI-RADS lexicon is an invaluable guide,
the final determination and description of findings, the assessment, and recommen-
dation for management are up to individual radiologist’s interpretation. Studies
show moderate interobserver disagreement in choice of descriptors for calcifica-
tions [6, 7]. Part of this may be related to experience and also to the variability in the
calcifications themselves—in practice, they exist in a continuum of shapes and
sizes, and so multiple descriptors could be applied. In addition, all calcifications
start somewhere. Large, benign calcifications, if imaged in their early stages, may
be faint, fine forms that over time “declare themselves” as they evolve into obvi-
ously benign findings, but may pose a diagnostic dilemma at that earlier point in
time at which they are seen (Fig. 1.11).

After appropriate workup and classification of calcifications, the radiologist may
recommend doing nothing (classified as BI-RADS 2, benign finding), short interval
(6-month) mammographic follow-up (BI-RADS 3, probably benign finding—this
category has a <2% chance of malignancy), or a biopsy (BI-RADS 4 or 5, suspi-
cious or highly suspicious, with at least >2% likelihood of malignancy), similar to
the management options in the work up of masses and some asymmetries. A biopsy
can be done with a needle under imaging guidance, or surgically with preoperative
wire localization. The former is preferred in the majority of cases as it is far less
invasive, does not require sedation, costs less, and can allow for appropriate staging
and surgical planning prior to definitive treatment if malignant. Moreover, a larger
distribution of calcifications may warrant more than one needle biopsy to establish
extent of disease as this may have implications for management (e.g., a lumpectomy
versus mastectomy).

Since the calcifications are identified mammographically, a core needle biopsy
with imaging is most often undertaken with radiographic or, more specifically, ste-
reotactic guidance [51]. The patient is positioned in a mammography machine that

Diffuse
Regional

Grouped

Segmental

Table 1.4 Distribution descriptors

for calcifications [39] Linear
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Fig.1.10 Distribution modifiers for calcifications. (a) Diffuse calcifications are seen throughout
the breast and are most commonly benign, as are these large rodlike secretory calcifications; vas-
cular calcifications are also seen in this patient. (b) Regional calcifications occupy >2 cm of tissue,
but are not limited to a ductal distribution. (¢) Grouped calcifications are typically five or more
calcifications that occupy <2 cm of tissue. (d) Segmental calcifications follow a ductal distribution;
this may follow a “wedge” or “cone” shape toward the nipple. (e) Linear calcifications are in a line




1 Overview of Radiologic Quality Assurance and the Imaging Evaluation of Breast Lesions 29

Fig. 1.11 Developing (benign) calcifications. (a) Spot compression magnification view of the
lumpectomy site in a 77-year-old patient treated for invasive ductal carcinoma 4 years ago. Fine
pleomorphic (curvilinear and punctate) calcifications are seen in the background of a fat-containing
mass with circumscribed margins (between arrows), between surgical clips. Given the background
of a fat-containing mass, these were thought most likely reflective of fat necrosis, and short interval
follow-up was recommended. (b) Comparable view of the lumpectomy site 2.5 years later shows
dystrophic and lucent-centered calcifications of fat necrosis. Even large and coarse calcifications
start somewhere and may evolve from more suspicious-appearing forms that pose a diagnostic
dilemma for the radiologist early on

is specially adapted for this procedure, and a scout image is taken to localize the
calcifications. Additional x-rays are then taken “+” and “~ 15° off this midline, and
a computer triangulates the location of the calcifications in space with regard to x, y,
and z coordinates. Under local anesthesia, the needle is moved to this target, and the
operator cuts cores of breast tissue to sample the calcifications. Numerous brands
and types of needles exist for this, but these can be generally classified as spring
loaded or vacuum assisted. The latter tend to be larger in size (smaller in gauge) and
allow for subsequent placement of a metal clip to mark the biopsy site given the pos-
sibility of removing all of the calcifications due to the larger needle size and use of
suction. Assuming no migration of the clip, the marker acts as a placeholder if surgi-
cal excision is later required; otherwise, the marker is considered safe to remain in
the breast if no surgical follow-up is needed. As with any procedure involving a
needle, risks include bleeding, infection, and tissue damage. The ominous threat of a
pneumothorax, listed on virtually every consent form but for which the risk very
small, is avoided by keeping the needle parallel to the chest wall. The positioning of
the patient and design of the machine ensures this; however, in the case of ultrasound-
guided biopsies, the onus of safe needle positioning is on the operator.

After the biopsy of calcifications is taken, it is the standard of care for a radiograph
of the cores to be obtained prior to placing a clip or releasing the patient from com-
pression and positioning (Fig. 1.12). Identifying calcifications in the cores confirms a
successful biopsy. There is no set number of calcifications one must extract for the
biopsy to be considered a success; one must take into account the number and type of
calcifications to start with and decide if he/she has an adequate sampling of these. If
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Fig.1.12 Specimen
radiograph of cores from
biopsy of calcifications.
Multiple calcifications are
seen in cores taken from a
14G spring-loaded needle.
This was sufficient for
diagnosis of ductal
carcinoma in situ, nuclear
grade 3, with
comedonecrosis and
calcifications

inadequate, more cores should be taken at that time; troubleshooting maneuvers such
as reimaging and retargeting, adjusting needle or patient positioning, and/or changing
needles may be undertaken before additional rounds of sampling and repeat specimen
radiography [52]. This must be done while being mindful of patient discomfort given
that she must remain still with her breast in compression. At some point, the biopsy
must stop, and the samples should still be sent for pathology even if no calcifications
are obtained. If histology reveals no calcifications but a high-risk or malignant dis-
ease, and targeting was correct, the patient is still referred for surgical excision. If only
benign tissue is reported in the absence of calcifications on histology, another biopsy
is advised given that the question of the etiology of the calcifications has not yet been
answered. This may be a repeat needle biopsy or, if it is unclear what went wrong the
first time, a surgical biopsy with preoperative wire localization. Fortunately, this is a
rare occurrence for most radiologists trained in doing these types of biopsies, and re-
biopsy rates may be further improved by the use of a vacuum-assisted needle device,
the use of which has increased over spring-loaded ones [52, 53].

Assuming a successful biopsy yielding calcifications, if there are residual calci-
fications in the breast and no question as to which group was targeted, one may
consider not placing a marker clip; otherwise, a clip must be placed if all of the
calcifications have been removed with the biopsy. After clip placement, a two-view
full paddle mammogram is done to confirm its deployment and accurate location. If
the clip has migrated, this is documented, as it may affect future surgical planning.

The cores may be marked with ink or separated to designate those with calcifica-
tions to aid the pathologist. In the event that calcifications are identified on the
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specimen radiograph, but none are identified at pathology, radiography of the paraffin
blocks may be done to further guide the pathologist. Alternatively, the use of polarized
light by the pathologist may detect calcium oxalate that is mammographically indis-
tinguishable from calcium phosphate [47, 52]; the latter is more commonly seen.

Establishing radiologic-pathologic concordance is imperative for patient care,
and in breast imaging, for the medical audit. At our institution, the breast radiologist
assumes this responsibility and communicates directly with the pathologist and the
patient, regarding each of his/her biopsy results. Not only is this dialogue helpful in
establishing biopsy adequacy and congruence, but it is an effective educational tool
for both parties.
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Overview of Pathology Evaluation
of Breast Lesions and Quality Assurance

Michael O. Idowu, Jaime A. Singh,
and Margaret M. Grimes

Masses/Densities/Distortions: General Considerations

Radiologic evaluation of breast masses or architectural distortion generally requires
assessment of shape, margin, density, orientation, echogenicity pattern, asymmetry,
and enhancements, as defined by Breast Imaging-Reporting and Data System
(BI-RADS), depending on the imaging modalities used (mammogram, ultrasound,
or magnetic resonance imaging [MRI]). Both benign and malignant breast condi-
tions may present as masses, densities or distortions with or without associated
calcifications. Progressive asymmetry of the breast, so-called shrinking breast, may
be seen in association with invasive lobular carcinoma. Radiologically identified
lesions require biopsies for pathologic evaluation.

Core needle biopsy performed with ultrasound or with stereotactic guidance
is often the first approach to tissue diagnosis. While palpable lesions lend them-
selves to diagnosis by means of fine needle aspiration (FNA) biopsy, core needle
biopsy is preferred for primary breast lesions, because the intact tissue specimen
and generally larger sample obtained via core needle biopsy usually allows for a
more definitive diagnosis compared with FNA biopsy. In the case of invasive
carcinoma, a core needle biopsy more often allows for ancillary testing, such as,
estrogen receptor (ER), progesterone receptor (PGR commonly known as PR)
and human epidermal growth factor receptor 2/erb-b2 receptor tyrosine kinase 2
(ERBB2 commonly known as HER2). While FNA was a component of the origi-
nal “triple approach” (physical examination, mammography, and FNA) for initial
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diagnosis of breast masses, it is currently less commonly used for this purpose in
the United States [1-3]. However, when core needle or surgical specimens are
not available, cytology specimens are acceptable especially in cases of metasta-
sis [4, 5].

From a pathology standpoint, it is critical to ensure that the radiographically
targeted lesion can be explained by the histologic findings [6]. Of utmost impor-
tance in assessing core needle biopsies of breast lesions is correlation of the mam-
mographic or clinical findings with the pathology. The pathologist should
communicate with the radiologist or clinician if there is apparent radiologic—patho-
logic discordance, and the pathology report should include a comment to that effect.
In cases where clinical/radiologic information is not available to the pathologist, the
determination of radiologic—pathologic concordance becomes challenging, and
such correlation will depend solely on the radiologists or clinicians. Discordant
radiologic—pathologic correlation on core needle biopsies should trigger additional
evaluation, re-biopsy, or an excision. For example, a spiculated mass on breast
imaging (BI-RADS 4 or 5) diagnosed as benign breast tissue with no specific lesion
on histopathology (discordant findings) requires additional evaluation, re-biopsy, or
excision to ensure that the targeted lesion has been adequately sampled (Fig. 2.1).
The negative discordant findings on histology may be due to sampling or technical
difficulties with the biopsy. While the importance of radiologic—pathologic

Fig. 2.1 Spiculated mass with only benign breast tissue on initial biopsy (left images). Re-biopsy
performed because of radiologic—pathologic discordance showed invasive ductal carcinoma (right
images)
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correlation cannot be overemphasized, it must be pointed out that correlation and
accuracy are not synonymous.

Widely acceptable pathologic diagnostic criteria should be strictly applied to mini-
mize suboptimal management. Accurate assessment of pathologic changes seen in core
biopsies performed for mass lesions or distortions requires not only knowledge of patho-
logic criteria required for diagnosis, but also of the potential pitfalls related to sampling.
False-positive and false-negative histologic diagnoses could lead to suboptimal manage-
ment. Equivocal diagnoses, although occasionally unavoidable, should be minimized [7].
For example, a large, centrally located papilloma will be sampled only partially by a core
needle biopsy; absence of atypical ductal hyperplasia (ADH) or ductal carcinoma in situ
(DCIS) involving the papilloma on core needle biopsy cannot exclude these possibilities
on surgically excisied specimens. Similarly, it is possible for only DCIS to be present on
core needle biopsy, but for invasive carcinoma to be associated with the DCIS on surgical
excision. Therefore, optimal management often depends not only on the pathological
diagnoses on biopsies but also on clinical and imaging considerations.

The probability of having invasive carcinoma on surgical specimens after a diag-
nosis of DCIS in core needle biopsies may inform the decision to perform sentinel
lymph node sampling. Although controversial, performance of sentinel lymph node(s)
samplings following a diagnosis of DCIS on core needle biopsies may eliminate the
need for second surgery should invasive carcinoma be identified on surgical excision
specimens. Higher probability of invasive carcinoma on surgical excision (with only
DCIS on core needle biopsies) may be associated with any one of the following [8]:

. Extensive calcifications on imaging

. Palpable mass or solid mass on imaging
. Lesion larger than 25 mm on imaging

. High-grade DCIS on histology

O R

Sentinel lymph node mapping is significantly affected following total mastec-
tomy. In view of this, sentinel lymph node sampling is often performed in the setting
of total mastectomy, even if the diagnosis on core needle biopsy is DCIS. Currently,
sentinel lymph node sampling following DCIS diagnosed on needle core biopsy in
the setting of breast conservation surgery is controversial and discouraged, given the
potential complications [8, 9].

While there are several breast lesions that may present as masses, distortion, or
densities, some of the more common lesions with potential diagnostic challenges
and pitfalls will be considered in this chapter.

Fibroepithelial Lesions: Fibroadenoma and Phyllodes Tumor

Fibroepithelial tumors are biphasic tumors characterized by both epithelial (ductal)
and mesenchymal (stromal) components and consist predominantly of fibroadenoma
and phyllodes tumor. Fibroadenoma is more commonly seen in adolescent or young
adult women, but may be seen in older or postmenopausal women as well. The stro-
mal component of fibroadenoma can be highly collagenized, myxoid or cellular, but
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generally appears homogenous in any given case. In older women, the stroma may
be sclerotic and calcified. The stromal component typically compresses the ducts to
slit-like “intracanalicular” structures or open and rounded ‘“‘pericanalicular” struc-
tures. There is no evidence that these patterns have biological significance.

Fibroadenomas are generally mobile lesions with smooth, well circumscribed borders
on physical examination. However, they may also present as nodular densities or calcified
lesions on breast imaging. Fibroadenomas are benign tumors and excision is usually
curative. Rarely incomplete excision of a fibroadenoma may be followed by recurrence.
Diagnosis of fibroadenoma on core needle biopsy usually is straightforward because of
the classic appearance of a biphasic tumor with an intracanalicular or less likely pericana-
licular patterns (Fig. 2.2). If the edge of the fibroadenoma is present in the core biopsy,
there is a distinct tissue plane (circumscribed) between the lesion and the adjacent normal
breast tissue; in the event that the lesional tissue appears to be infiltrating the adjacent
breast or adipose tissue, the possibility of phyllodes tumor should be entertained.
Fibrocystic changes including papillary apocrine metaplasia, sclerosing adenosis, cystic
spaces and epithelial calcifications may be present within the lesion (Fig. 2.3). Sometimes
the term “‘complex fibroadenoma” is applied to fibroadenomas having these changes
[10]. The ductal epithelium of a fibroadenoma in the majority of cases is completely
benign. However there are exceptions, and the pathologist must evaluate the epithelium
of a fibroadenoma with the same criteria used in any breast biopsy. Rarely, atypical
hyperplasia or ductal or lobular carcinoma in situ may be found within a fibroadenoma
(Fig. 2.4); even more rarely, invasive carcinoma may be present.

Stromal cellularity and atypia are evaluated in fibroepithelial lesions. While such
assessment is somewhat subjective, it has been suggested that the stroma of adjacent
uninvolved breast lobules be used to determine degree of cellularity and atypia in a
fibroepithelial lesion to minimize subjectivity (Table 2.1). One of the diagnostic
difficulties facing pathologists in evaluation of core needle biopsies in fibroepithe-
lial lesions is interpretations of lesions with apparently increased stromal cellularity.
Young women may have fibroadenomas that are more cellular than those found in
older women. There is overlap between so-called cellular fibroadenoma and low-
grade (histologically benign) phyllodes tumor on core needle biopsy [11-13], and
differentiating between these two can be challenging. The major criterion

Fig. 2.2 Fibroadenoma. The stroma is sclerotic or collagenized and the ducts are compressed.
Calcifications are sometimes associated with fibroadenoma
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Fig. 2.3 So-called complex fibroadenoma. A fibroadenoma having the following: (a, b) scleros-
ing adenosis, (¢) epithelial calcifications, (d) apocrine metaplasia and cyst

Fig. 2.4 Fibroadenoma with lobular neoplasia

differentiating phyllodes tumor from fibroadenoma is the degree of stromal cellular-
ity and stroma atypia. Table 2.2 highlights some clinical, radiologic, and pathologic
features requiring evaluation in fibroepithelial lesions [14—16]. The diagnosis of
phyllodes tumor (Fig. 2.5) requires a constellation of features to be present, as no
single feature is entirely specific.
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Table 2.1 Suggested criteria for evaluating stroma cellularity and atypia in fibroepithelial lesions focus-
ing on the most cellular zones of the tumor compared to normal perilobular stroma if available [14—16]

Cellularity (compared to normal
Grade perilobular stroma) Atypia
Mild Slight increase (up to twice that | Nuclei with smooth nuclear contours and
of normal perilobular stroma) of | little variation in size similar to normal
evenly spaced nuclei with no perilobular stroma
overlap or touching
Moderate Intermediate findings with some | Some variation in nuclear size with wrinkled
overlapping nuclei nuclear membrane
Marked Confluent areas of densely Marked variation in nuclear size, coarse
overlapping nuclei chromatin/hyperchromasia, and irregular
nuclear membranes with discernible nucleoli
at 10x objective and 10x eyepiece (100x)

Table 2.2 Features of fibroadenoma and phyllodes tumor

Clinical, pathology, and
imaging features

Fibroadenoma

Phyllodes tumor

Mass Palpable lesion or Typically palpable
mammographic density
Age Usually <30 years; may | Typically 40 years or older,
be seen in older women premenopausal, uncommon in
young adults
Shape Rounded, circumscribed | Circumscribed or infiltrative
Size Usually <3 cm; pediatric | Variable but typically large (>3 cm)

cases may be larger

Growth rate

Slow (over months to years)

Typically rapid (over weeks to months)

Epithelial pattern

Intracanalicular or
pericanalicular

Exaggerated intracanalicular pattern
is typical

Stromal cellularity

Typically low; stromal
cells do not overlap

Moderate to high; stromal cells
overlap in higher grades
Heterologous differentiation may be
present in malignant phyllodes tumors

Stromal mitoses (mitoses
are counted at 40x
objective and 10x
eye-piece; that is, 400x
high power field [hpf])

Absent or rare

Benign: <4/10 hpf
Borderline: 5-9/10 hpf
Malignant: 10 or more/10 hpf [5]

Stromal overgrowth (stroma
without epithelium in at
least one 40x low power
field, i.e. 4x objective and
10x eye-piece)

No, in benign and borderline; yes, in
malignant

Stromal heterogeneity

Usually not

Variable

Tissue fragmentation on No Typical but not observed in all cases

core biopsy

Tumor margin Circumscribed Circumscribed or infiltrative into
adjacent fat or breast tissue

Recurrence Not usual Benign: 10-15%

Borderline: 20-25%
Malignant: 25-30% [17]
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Fig. 2.5 Phyllodes tumor with (a) increase stroma cellularity, (b) invasion into surrounding adi-
pose tissue, (¢) periductal cuffing, (d) clover leaf appearance/exaggerated intracanalicular pattern,
(e, f) increased mitosis (arrows)

In phyllodes tumor, there is increased cellularity with increased stroma cells around
ductal epithelium (referred to as periductal condensation/accentuation), but this pat-
tern is not observed in all cases or may not be evident in a core biopsy. Complicating
the assessment of stromal cellularity is the variable degree and distribution of cellular-
ity that may exist within a single phyllodes tumor (stromal heterogeneity). The stroma
heterogeneity contributes to the difficulty encountered in making a definitive diagno-
sis or grading of a phyllodes tumor on core needle biopsy [17].
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Aside from the degree of cellularity, the presence of increased mitotic activity
in the stroma, and stromal cell nuclear atypia, may allow the diagnosis of phyllodes
tumor on core needle biopsy. An additional feature that has been noted is the ten-
dency for some phyllodes tumors to fragment on core needle biopsy, a feature
related to the exaggerated ductal lumens typically seen in these tumors [11]. While
some low-grade (benign) phyllodes tumors can be identified with confidence on
core needle biopsy, cases that are equivocal are often called “cellular fibroepithe-
lial lesion (or tumor),” a term intended to convey the uncertainty in excluding phyl-
lodes tumor. High-grade (malignant) phyllodes tumors (Fig. 2.6) have a very high
degree of cellularity, marked nuclear atypia, and mitotic activity, and in some cases
histologically sarcomatous and heterologous stroma. The diagnosis of high grade
phyllodes is usually not challenging on core needle biopsy as long as the epithelial
component (in a typical exaggerated intracanalicular pattern) is also present.
When the ductal component is not present in the biopsy, the differential diagnosis
of high-grade (malignant) phyllodes tumor will include metaplastic carcinoma
(mesenchymal type) or the rare stromal sarcoma of the breast, potentially leading
to immunohistochemistry work-up. In both metaplastic carcinoma or stromal sar-
coma, normal breast ducts may become surrounded or entrapped by the tumor; this
should not be mistaken for evidence of a biphasic neoplasm. Metaplastic carci-
noma in many cases can be excluded by the absence of diffuse staining with

Fig.2.6 Malignant phyllodes. The same tumor showing stroma heterogeneity. Less cellular (a, b)
and more cellular area with malignant cells having liposarcomatous differentiation (c, d)
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antibodies to cytokeratin; exclusion of stromal sarcoma may require examination
of the excised lesion. If a diagnosis of phyllodes tumor is made on core needle
biopsy, the lesion should be excised with a margin of normal tissue, since recur-
rence of incompletely excised phyllodes tumor may occur. Recurrence in low-
grade (benign) lesions has been reported in as many as 10-15% compared to 30%
or more for malignant cases [15, 17, 18]. Recurrent phyllodes tumors are some-
times higher grade than the original lesion; it is uncertain whether this is due to
progression or to heterogeneity in the tumor [15, 19]. Metastases may occur in
cases of phyllodes tumors; the majority of these occur in cases of histologically
malignant phyllodes tumors, but rarely metastasis of borderline and, even more
rarely, of histologically benign phyllodes tumors has been reported [17].

Once diagnosed, a phyllodes tumor is graded (low versus high) or categorized as
benign, borderline, or malignant, based on histological parameters. A recent con-
sensus statement outlines the grading scheme: benign phyllodes tumors have mini-
mal nuclear atypia, pushing borders, and four or fewer mitoses per ten high-power
fields (hpf); malignant phyllodes tumors have marked stromal cellularity and atypia,
infiltrative margins, and ten or more mitoses per ten hpf and usually have areas of
stromal overgrowth (stroma without epithelium in at least one 40x microscopic
field: 4x objective and 10x eye-piece); borderline phyllodes tumors have features
intermediate between benign and malignant [5].

In some cases, definitive classification of a fibroepithelial lesion into fibroade-
noma or phyllodes tumor may require examination of surgically excised nodule or
mass, which would allow assessment of overall architecture, stromal cellularity,
nuclear features, and mitotic activity. In addition to stromal hypercellularity, the
typical phyllodes tumor has an exaggerated intracanalicular pattern producing “leaf-
like” invaginations, a pattern that may not be evident on core needle biopsy.

Fibroepithelial tumors are rare in the male breast because these tumors arise
from intralobular stroma; lobules are normally absent or rare in the male breast.
Fibroadenomas may however be seen in males taking androgen suppression ther-
apy, estrogen hormonal treatments, or male-to-female transsexual [20-22].

Papillary Neoplasms

Papillary lesions or neoplasms of the breast consist of a spectrum of entities which
include, papillary hyperplasia, juvenile papillomatosis, nipple adenoma (florid pap-
illomatosis of the nipple), intraductal papilloma, sclerosing papilloma, “atypical
papilloma” (ADH or DCIS involving papilloma), encapsulated papillary carcinoma,
solid papillary carcinoma, papillary DCIS, and invasive papillary carcinoma. A
comprehensive review [23-26] of these entities is beyond the scope of this text. The
approach to interpretation and the pitfalls in the evaluation of selected papillary
lesions will be highlighted. Intraductal papillomas (Fig. 2.7a, b) are lesions com-
posed of epithelial proliferations supported by fibrovascular cores (papillary archi-
tecture), and confined to a duct; they may be single or multiple. Solitary papillomas
usually occur in the large central (subareolar) ducts, while multiple papillomas typi-
cally are located in terminal ductal lobular units (TDLU) of the peripheral breast.
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Papillomas range in size from microscopic to macroscopic; the larger lesions
may be identified on mammography as a density or mass. Papillomas may occasion-
ally be described on ultrasound as a mass that disappears after the first biopsy; this
radiologic description may also be associated with apocrine metaplasia. For a par-
tially cystic mass/lesion, it is often prudent to drain the fluid before biopsy of the
solid component, if any. Microscopic papillomas almost always are incidental find-
ings in biopsies or excisions performed for other reasons. Occasionally, however,
papillomas, even microscopic ones, become sclerosed and calcified and are identi-
fied on the basis of mammographic calcifications.

The epithelial component of a papilloma may be nonproliferative or proliferative.
The same histologic criteria used to evaluate non-papillary proliferative ductal epithe-
lial lesions are used to assess papillomas. Papillomas may exhibit varying degrees of
usual ductal hyperplasia (UDH), atypical ductal hyperplasia (ADH) and ductal

Fig.2.7 Papillary lesions. (a, b) Intraductal papilloma. Notice the growth of the tumor in the duct.
The duct has broad papillary fronds and apocrine metaplasia. (¢, d) Intraductal papilloma with
atypical ductal hyperplasia (aka atypical papilloma). (e, f) Intraductal papillary carcinoma. Note
the monomorphic population of neoplastic cells consisting of one or more layers of hyperchro-
matic columnar cells surrounding fibrovascular stalk with no myoepithelial cells. (g, h) Intraductal
papillary carcinoma - cribriform architectural pattern. Intraductal papillary carcinoma may also
have cribriform, solid, or micropapillary architectural pattern, obscuring the spaces between the
fibrovascular or papillary fronds. Myoepithelial cells are absent. Myoepithelial markers may be
useful to highlight the absence of myoepithelial cells
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Fig.2.7 (continued)

carcinoma in situ (DCIS). The term “atypical papilloma” is often used for papillomas
in which a portion of the epithelial component is consistent with atypical ductal
hyperplasia (ADH) or low-grade DCIS (Fig. 2.7c, d). The 2012 WHO categorization
of papillomas recommended the use of the terms “papilloma with atypical ductal
hyperplasia (ADH)” and “papilloma with ductal carcinoma in situ (DCIS)” instead of
atypical papilloma in the context of low-grade lesions. High-grade DCIS in a papil-
loma is diagnosed as such regardless of the extent of involvement of the papilloma
[27]. According to the WHO, papilloma with ADH and papilloma with DCIS are
defined as a papilloma with a monotonous population of low-grade cells with archi-
tectural and cytologic features of ADH (<3 mm) or DCIS (3 mm or more), respec-
tively [5, 23, 27]. Note that the size or extent cutoff of 3 mm is different from the
cutoff used for de novo (i.e., non-papillary) ADH and DCIS which has a cutoff of
2 mm. It must also be pointed out that the current WHO size criteria for ADH and
DCIS in papilloma is slightly different from the original criteria proposed by Page et
al., whose criteria were: <3 mm for ADH in papilloma and >3 mm for DCIS in papil-
loma [28]. The use of CK5/6, CK14, and estrogen receptor (ER) may be useful in
distinguishing ADH from hyperplasia without atypia (or UDH), with ER having
strong homogenous positivity in ADH/DCIS in papilloma and heterogeneous positiv-
ity or outright negativity in papilloma without atypia; CK5/6 and CK14 have opposite
staining pattern to ER-they are positive in UDH in papilloma but negative or weakly
positive in ADH/DCIS in papilloma [5, 23, 27]. The management of non-atypical
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papillary lesions on core needle biopsy is controversial. Risk assessment of associa-
tion with carcinoma should probably inform the decision to surgically excise or not.
For example, a central papilloma is associated with a twofold increase in the risk of
subsequent carcinoma [29, 30], which is similar to the risk of de novo UDH [5, 31,
32]. While atypical papilloma (ADH/DCIS in papilloma) is associated with a risk of
associated invasive carcinoma ranging from 5 to 7.5 [28, 30]; this is slightly higher
than the risk associated with de novo ADH [5, 31, 32]. It is generally accepted that
atypical papillomas and papillary DCIS on core needle biopsies should be surgically
excised [25]. However, there are ongoing controversies on the management of central
papilloma on core needle biopsy [33-39]. We do not subscribe to “a one-size-fits-all
approach” and believe that a prudent approach should involve optimal radiologic—
pathologic correlation and clinical presentation. For example microscopic papillomas
with no evidence of atypia that are completely encompassed in a core needle biopsy,
especially in young patients, probably do not need to be excised [39]. On the other
hand, central papilloma may need to be excised to ease patient’s symptoms.
Papillomas may undergo sclerosis, with marked alteration of the papillary architec-
ture; epithelial cells that are “pinched off” by the sclerosis may be present in stroma
adjacent to the involved duct. Care should be taken not to mistake entrapped epithe-
lium for invasive carcinoma. Clues include the low-power histologic pattern and the
cytologic features. Entrapped epithelium usually is directly adjacent to the involved
duct within fibroblastic or sclerotic connective tissue. At high magnification, attention
to the cytologic features and the presence of myoepithelial cells (identified on H&E or
immunohistochemical stain) is helpful in the distinction from invasive carcinoma.

Papillary Carcinomas

Intraductal papillary carcinoma (also known as papillary ductal carcinoma in situ
or noninvasive papillary carcinoma) is an in situ carcinoma with no evidence of
underlying benign papilloma. It may present as blood-stained nipple discharge, a
mass, or mammographic calcifications. The neoplastic cells (usually low to interme-
diate nuclear grade, rarely high nuclear grade) are arranged as one or more columnar
epithelium lining a fibrovascular stalk (Fig. 2.7e, f). Intraductal papillary carcinoma
may also have micropapillary, solid, or cribriform architectural patterns (Fig. 2.7g,
h). Myoepithelial cells are absent in the papillary fronds within the duct but present
in the periphery of the main duct with the papillary growth. Often multiple ducts are
involved. Adjacent stroma should be assessed for evidence of invasive carcinoma.
The main differentiating feature of intraductal papillary carcinoma and papilloma
with DCIS is that the entire lesion in intraductal papillary carcinoma is comprised of
monotonous neoplastic cell population, while in papilloma with DCIS, there is a
background of nonneoplastic cells with focal areas of low grade DCIS.
Encapsulated papillary carcinoma, a variant of papillary carcinoma, usually pres-
ents as a circumscribed mass with or without nipple discharge. The “encapsulated”
nomenclature is apparently due to a thick fibrous capsule or wall surrounding the mass,
which consists of histologic features similar to those of intraductal papillary carci-
noma. However, encapsulated papillary carcinoma generally has cribriform or solid
architectural patterns. The controversies surrounding encapsulated papillary carcinoma
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revolve around the fact that it usually lacks myoepithelial cells within and at the periph-
ery of the tumor. This has led to the notion that encapsulated papillary carcinoma may
in fact be a low-grade indolent invasive papillary carcinoma. Rarely, metastasis has
been reported in encapsulated papillary carcinoma [40, 41]. While this absence of
myoepithelial cells raises the possibility of an invasive process histologically, encapsu-
lated papillary carcinoma typically behaves in an indolent fashion and should probably
be managed like DCIS [24]. We stage pure encapsulated papillary carcinoma as an in
situ carcinoma (Tis), unless there is frank invasion. The size of the invasive component
is used for staging, not the size of entire encapsulated papillary carcinoma. DCIS may
be present in adjacent breast tissue with potential higher risk of recurrence.

Solid papillary carcinoma usually presents histologically at low power as one or
more well-defined solid nests of cells. At higher magnification, the presence of fine
fibrovascular cores can be identified among the solid rounded or geographic duct-
like structure, which usually are of low or intermediate grade. Neuroendocrine dif-
ferentiation and mucinous features may be present. Myoepithelial cells usually are
absent within and at the periphery of the lesion. When they are present focally in
lesions of low nuclear grade, distinction from intraductal papilloma with epithelial
hyperplasia may be difficult. In such cases, immunohistochemical staining may be
helpful: solid papillary carcinoma should be negative for high molecular weight
cytokeratin and positive for estrogen receptor (ER). Similar to encapsulated papil-
lary carcinoma, these tumors are typically indolent, and are treated as DCIS, unless
there is definitive evidence of frank invasion. Although it may be difficult to deter-
mine in situ and invasive components, it has been suggested that irregular/jagged
areas lacking myoepithelial cells be considered invasive carcinoma; we subscribe to
this notion.

Invasive papillary carcinoma, generally, refers to an invasive carcinoma, in which
>90% of the tumor is papillary. This is rare and difficult to diagnose because of its
resemblance to nests of solid papillary carcinoma. The tumor has an irregular crowded
papillary architecture with invasive or infiltrating borders. Metastatic papillary carci-
noma from extramammary sites, especially the ovary and lung, should be considered
and excluded. The invasive component of solid papillary carcinoma and encapsulated
papillary carcinoma is by convention not invasive papillary carcinoma.

Invasive papillary carcinoma also should be distinguished from invasive micro-
papillary carcinoma, which has an entirely different morphology, namely, small
clusters of tumor cells with absent fibrovascular cores and in empty spaces (retrac-
tion artifact). Invasive micropapillary carcinoma has reverse polarity (so-called
inside-out pattern), which can be demonstrated by epithelial membrane antigen
(EMA) staining on the periphery rather than the lumen.

Adenomyoepithelioma

Adenomyoepithelioma is a biphasic tumor comprised of myoepithelial cells and
ductal/luminal cells. There is usually proliferation of the myoepithelial cells
around small ductal epithelium-lined spaces (Fig. 2.8). Adenomyoepithelioma
can occur at any age, but more frequently in postmenopausal women. It may
rarely be seen in men. It usually presents as a solitary centrally located mass
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Fig. 2.8 Adenomyoepithelioma. Note the proliferation of the myoepithelial cells around small
ductal epithelium lined spaces (a—c), myoepithelial cells highlighted by p63 (d—f)

lesion with or without calcifications. It is often considered to be a variant of papil-
lary neoplasms. The myoepithelial component may be spindled, epithelioid, plas-
macytoid, or myoid, sometimes with clear cytoplasm, forming nests or sheets of
cells. The myoepithelial component which stains with normal myoepithelial
markers (p63, calponin, smooth muscle myosin heavy chain, smooth muscle
actin, and CD10) may sometimes compress and obscure luminal epithelium.
There have been reports of malignant transformation [42—44] and excision is the
recommended management [5].
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Fat Necrosis

Fat necrosis (Fig. 2.9) is a common incidental finding in the breast, most often evi-
dence of a biopsy that preceded excision of a target lesion. Fat necrosis may present
as a palpable lump or mammographic density.

Fat necrosis may also be secondary to blunt trauma, a ruptured cyst or ectatic
duct, breast infection, anticoagulation, hyperparathyroidism, and connective tissue
disorders (e.g., polyarteritis nodosa, Weber-Christian disease, granulomatous angi-
opanniculitis). In some cases the etiology is unknown.

Fig. 2.9 Fat necrosis showing foamy macrophages, varying degree of fibrosis and calcifications
(a—c), foamy macrophages highlighted by CD68 (d), cytokeratin is negative (e)
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Necrotic adipocytes and lipid-laden histiocytes may elicit fibrosis, making areas
of fat necrosis firm to palpation. These lesions are nonencapsulated, and the mam-
mographic and gross appearance may be suspicious for carcinoma. On imaging, fat
necrosis may present as spiculated mass, mixed density mass, distortion, or calcifi-
cations (some of these calcifications may be linear with linear orientation).
Histologically, there are necrotic adipocytes with foamy macrophages infiltration
and varying degree of calcifications and fibrosis. The presence of histiocytes infil-
trating fat rarely may be mistaken for infiltrating carcinoma on histologic examina-
tion, but careful analysis of the cytologic features and the absence of cytokeratin
staining for epithelial cells and positive CD68 staining for histiocytes by immuno-
histochemistry should help in making the diagnosis.

Radial Scar

Radial scars (Fig. 2.10) may be small incidental findings or larger lesions that are
detected mammographically. Larger lesions are sometimes termed “complex scle-
rosing lesion.” Radial scars are nonencapsulated proliferations of ductal structures
in and around a central zone of fibrosis/sclerosis and elastosis. Typically the cen-
trally located ductal structures are small and compressed, while the outermost ducts
are dilated and hyperplastic, lending a “radial” appearance on histologic examina-
tion at low magnification. A radial configuration may not be evident in the larger
complex sclerosing lesions. Within the central sclerotic zone, the entrapped ducts
may mimic invasive carcinoma. Careful attention to the presence of an outer layer
of myoepithelial cells around these structures assists in differentiating them from
carcinoma. However, radial scars may be associated with carcinoma, either in situ
or invasive. The hyperplastic ducts in the peripheral zones should be examined for
evidence of architectural and cytologic atypia. Invasive carcinoma may be present
in the outer zones or periphery of the lesion. Conversely, some cases of invasive
carcinoma may mimic a pattern of radial scar. For these reasons, the finding of
radial scar on core needle biopsy often triggers surgical excision to exclude the pres-
ence of carcinoma.

Fig.2.10 Radial scar. Note the central elastotic stroma with compressed ducts in the center and more
dilated ducts at the periphery. It is important to ensure that the compressed duct has myoepithelial cells
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Fig. 2.11 Myofibroblastoma. Note the bland spindle cells arranged in short, haphazard fascicles
or nests separated by eosinophilic keloid-like fibers

Hamartoma

Hamartoma of the breast is a mass lesion, usually circumscribed or encapsulated,
composed of benign breast ducts and lobules, connective tissue stroma, and adipose
tissue, without an organized architecture [45]. A palpable hamartoma may be mis-
taken clinically for fibroadenoma. Fibrocystic changes may be present in the ham-
artoma and, rarely, carcinoma may be present. Because of the histologic resemblance
of hamartoma to normal breast tissue, diagnosis on core needle biopsy may be dif-
ficult and requires close correlation with the mammographic findings and the tar-
geted lesion. Recurrence after excision is rare.

Myofibroblastoma

Myofibroblastic proliferations in the breast range from incidental foci of pseudoan-
giomatous hyperplasia (PASH) to mass lesions known as myofibroblastoma
(Fig. 2.11). Myofibroblastomas may be seen at any age, but are more commonly seen
in postmenopausal women. Classically myofibroblastomas are circumscribed but
nonencapsulated tumors with pushing borders. Myofibroblastoma consists of bland
spindle cells arranged in short, haphazard fascicles or nests separated by eosinophilic
keloid-like fibers. However, several histologic variants have been described, including
epithelioid variant which may mimic invasive lobular carcinoma [46, 47]. Familiarity
with these variants will minimize misdiagnosis as invasive carcinoma. The myofibro-
blasts are identified by positive immunohistochemical staining for desmin, CD34, and
vimentin; smooth muscle actin, BCL2, CD99, CD10, ER, and PR are variably posi-
tive. Cytokeratins, EMA, S100, HMB45, and CD117 (ckit) are consistently negative.

Invasive Breast Carcinomas
Invasive breast carcinomas are the most common carcinomas in women account-

ing for almost a quarter of all breast cancers in women. Invasive breast carcino-
mas (Fig. 2.12) denote primary malignant epithelial neoplasm in the breast with
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Fig. 2.12 Invasive carcinomas. (a—c) Invasive carcinoma NOS (invasive ductal carcinoma), (d)

metaplastic carcinoma (inset shows cytokeratin positivity in spindle cells), (e) invasive lobular
carcinoma (inset shows higher power), and (f) mucinous carcinoma

stromal invasion. Vascular invasion, useful when present, is not required for a
diagnosis of invasive carcinoma. Morphologically, invasive carcinoma may have
apparent glandular differentiation, single-cell infiltration, targetoid features, or
other morphologic types. Invasive carcinomas are heterogeneous and consist of
different histologic types. The most common type (40-75% of mammary carci-
nomas) used to be called invasive/infiltrating “ductal” carcinoma because it was
originally thought to arise from the ductal rather than the terminal ductal lobular
unit (TDLU) which was thought to be the origin of invasive lobular carcinoma.
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TDLU is now known as the entity where all breast carcinomas originates, not just
invasive lobular carcinoma [48]. In view of this, the WHO recommends a pre-
ferred term invasive carcinoma of no special type instead of invasive ductal car-
cinoma [5]. In addition to invasive carcinoma of no special type, the other
subtypes of invasive breast carcinoma include, but are not limited to the follow-
ing: invasive lobular carcinoma, tubular carcinoma, cribriform carcinoma, carci-
noma with medullary features, metaplastic carcinoma, invasive papillary
carcinoma, invasive micropapillary carcinoma, adenoid cystic carcinoma, secre-
tory carcinoma, and others.

Of note, it is important to exclude metaplastic carcinoma when a spindle cell
neoplasm is encountered in the breast whether atypical or fibromatosis-like spindle
cells. Non-spindle cell histomorphology may also be seen in metaplastic carcinoma
including low-grade adenosquamous and squamous cell carcinoma. Metaplastic
carcinoma may occasionally have mesenchymal differentiation (osseous, chon-
droid, rhabdomyoid, and even neuroglial) mixed with the carcinoma component [5].

There are well-known criteria to help differentiate the different subtypes. Table 2.3
highlights some features of invasive carcinomas. However, comprehensive discus-
sion of the different histologic criteria of the different subtypes of invasive breast
carcinomas is beyond the scope of this text.

Table 2.3 Histologic features of common invasive breast carcinomas

Type of invasive

carcinoma Epidemiology | Histologic features

Invasive carcinoma | Most common | Diagnosed when other types of breast carcinoma have
of no special type invasive breast | been excluded. There is stromal invasion and a variety
(aka invasive ductal | carcinoma of architectural patterns ranging from solid, glandular,
carcinoma, invasive | (40-75%) to single-cell infiltrates with variable cytoplasm. It may
carcinoma not be mixed with other types of invasive carcinoma

otherwise specified,
or infiltrating ductal
carcinoma)

Invasive lobular 5-15% of Classic variant consists of proliferation of non-
carcinoma invasive breast | cohesive small neoplastic cells with invasion into the
cancer stroma in single file or in a concentric pattern around
normal ducts. There is generally no desmoplastic
stromal reaction. There is often associated
intracytoplasmic lumen. Other histologic variants
include solid, alveolar, pleomorphic, and tubulolobular
variant. Generally negative for E-cadherin

Invasive lobular carcinoma more frequently
metastasizes to the gastrointestinal tract, uterus, ovary,
meninges, and bone, compared to invasive carcinoma
of no special type, which frequently metastasizes to the
lung

Tubular carcinoma | ~2% Characteristically consists of tubules with oval/rounded
and angulated shape haphazardly arranged (>90% of the
tumor). The nuclei are generally low grade (high nuclear
grade would argue against tubular carcinoma). Apical
snouts may be present, but are not required for diagnosis

(continued)
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Table 2.3 (continued)

Type of invasive

carcinoma Epidemiology | Histologic features

Mucinous ~2% Characterized by nests of tumor cells floating in mucin
carcinoma (aka in >90% of the tumor for pure mucinous carcinoma. It
colloid carcinoma) may however be mixed with other carcinoma

especially invasive carcinoma of no special type, in
which case “mucinous features” is commonly used

Carcinoma with <1% The tumor shows some or all of the following criteria:
medullary features syncytial architecture (>75% of tumor mass), pushing
(aka medullary margins, no tubular differentiation, pleomorphic tumor
carcinoma, atypical cells with vesicular nuclei, and at least one nucleolus,
medullary prominent and diffuse lymphoplasmacytic stroma.
carcinoma, invasive Most are triple negative. Relatively good outcome,
carcinoma with possibly due to prominent lymphoplasmacytic infiltrate
medullary features)

Metaplastic 0.2-0.5% Heterogeneous morphology, namely,

carcinoma adenosquamous (tubuloglandular architecture admixed

with squamous cells),

Jfibromatosis-like (bland spindle cells arranged in
fascicles infiltrating breast parenchyma, reminiscent of
fibromatosis, positive for cytokeratins)

Squamous cell carcinoma (like squamous cell
carcinoma in other parts of the body)

Spindle cell carcinoma (atypical spindle cells arranged
in variable architectural patterns [which are positive
for high molecular weight cytokeratins] often admixed
with inflammatory cells)

Metaplastic carcinoma with mesenchymal
differentiation (metaplastic carcinoma having osseous,
chondroid, rhabdomyoid, etc. components which may
appear bland or overtly malignant)

Mixed metaplastic carcinoma (mixture of the different
metaplastic carcinoma morphology)

The rule of thumb is that metaplastic carcinoma must
be excluded in any spindle cell lesion in the breast.
Often triple negative

Surgical Excision of Mass Lesion/Density/Distortion

It is important for the pathologist to describe carefully and in detail the gross measure-
ments of the specimen and the location of the imaged target lesion. Information on the
presence or absence of biopsy clips is important. Attention should be paid to the mar-
gins of the specimen; it is common to use ink to identify the surgical margin on histo-
logic sections. The use of different colors of ink to correspond to different margins
may be helpful. To minimize the possibility of ink tracking in the fatty crevices,
thereby complicating margin evaluation, attention to the following steps is important:
ensure that the specimen is dry by patting with paper towels; gently and carefully
apply the ink(s) on the specimen’s margin(s); gently pat the specimen to remove
excessive ink; allow the specimen to dry for about 30 s; and apply 5% acetic acid
(vinegar) as mordant [49]; some use Bouin solution as mordant. The pathologist or
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other qualified personnel should then serially section the tissue and record the pres-
ence of any gross lesions, including the size and distance from the surgical margins.

In some cases, the gross measurements are different from measurements made on
histologic examination of the tissue sections. Nonneoplastic changes such as fibrosis-
or biopsy-related changes may not be distinguishable from invasive carcinoma at the
macroscopic level. Conversely, microscopic areas of invasive carcinoma may extend
beyond the limits of the lesion identified grossly. In both circumstances, the histologic
measurement supersedes the gross impression and is the basis for pathologic tumor
staging (pT). Similarly, the grossly measured distance of lesion from margins must be
compared with the histologic findings, and the latter should take precedence.

It may be difficult to accurately assess margins in breast excision specimens due
to the following [50]:

1. Artifactual narrowing after extirpation due to lack of supporting tissue normally
present in vivo.

2. The artifactual narrowing is further compounded by radiologic manipulation of
surgical specimens. Specimens excised with wire localization usually are imaged
prior to receipt in the pathology laboratory, and the compression of the specimen
may distort the tissue planes and the suture-designated margins.

3. Ink that is used in the pathology laboratory to mark the margins, if not properly fixed
to the tissue and dried prior to sectioning the specimen, often tracks into the deeper
portion of tissue making assessment of the true inked margin difficult on histology.

4. Generally, only a portion of the whole specimen or margin is examined
histologically.

5. Inadequate pathologic sampling of the closest margin.

6. Perpendicular versus en face margin evaluation may have different margin status.

Uncommonly, inadequate markings by the surgeon may make accurate orienta-
tion of margins impossible; in such cases assistance of the surgeon(s) to orient the
specimen should be sought.

Further complicating the issue is the question of what constitutes a “clear” margin
for in situ and invasive carcinomas [51-53]. Perpendicular versus “en face” (pathology
radial shaved margin) evaluation of margin introduces variability in margin assess-
ment. It has been reported that pathologic en face margins may overestimate positive
margins [50, 54] as positive en face margin may still have a clearance of up to 2 mm to
inked margin depending on the thickness of the sections. Perpendicular inked margin
is more commonly used in the pathologic evaluation of margins for breast-conserving
surgery specimen. Recent consensus guidelines for invasive carcinoma and DCIS in
patients undergoing breast-conserving surgery with whole-breast irradiation indicated
that “ink on tumor” is considered a positive margin [50, 55] and that clinical judgment
should be used in determining whether a negative margin of less than 1.0 mm requires
re-excision; re-excision should not be routinely performed for “no ink on tumor.”
Factors to consider on whether to re-excise or not include residual calcifications on
post-excision mammography and extent of DCIS in proximity to the margin [55]. In
view of these, our practice is to take sections of margins perpendicular to the edge of
the lesion, and we report both the distance of tumor from excision margins and the
extent of disease closest to the margin(s), when less than 1.0 mm to the margin(s).
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Lymph Nodes

Excision of biopsy-proven invasive carcinoma is usually accompanied by sentinel
lymph nodes. In some cases, excision of pure DCIS diagnosed on core needle
biopsy may be accompanied by sentinel lymph node biopsy, especially in the setting
of total mastectomy. There are controversies on the performance of sentinel lymph
node biopsy for pure DCIS on needle core biopsy, in the setting of breast-conserving
surgery as indicated earlier in this chapter [8, 9].

Sentinel and non-sentinel lymph node(s) should be sectioned at 2 mm intervals and
entirely submitted, unless there is gross evidence of metastatic carcinoma in the node,
in which case a single representative section is appropriate. Since metastatic tumor
deposits can vary in size and macrometastasis is metastasis greater than 2.0 mm, cut-
ting the node at 2 mm intervals theoretically should allow identification of small foci
that might escape detection with only partial submission of the node or thicker section-
ing of the node. There are controversies regarding the number of histologic hematoxy-
lin and eosin (H&E)-stained sections and whether nodes that are negative on H&E
should be further examined with immunohistochemical staining for cytokeratin. Since
isolated tumor cells in a lymph node do not impact nodal status for pathologic staging,
the benefit of this additional testing appears to be of little value; therefore, it has been
suggested that routine cytokeratin immunohistochemistry should be discouraged [56].
We subscribe to this practice, if the sentinel lymph nodes are sectioned at 2.0 mm inter-
vals. However, this cannot always be assumed. Furthermore, invasive lobular carci-
noma may sometimes be particularly difficult to identify in the lymph nodes. In these
particular instances, we believe that the use of cytokeratin immunohistochemistry in
the evaluation of sentinel lymph nodes is not unreasonable. Size of nodal metastasis
have implications on whether axillary dissection is performed or not. Contiguous
tumor deposit less than 0.2 mm or less than 200 tumor cells in a lymph node is referred
to as isolated tumor cells (ITC); contiguous tumor deposit between 0.2 mm and 2.0 mm
is referred to as micrometastasis; while contiguous tumor deposit with at least one
nodal metastasis greater than 2.0 mm is referred to as macrometastasis. Nodes with
ITC are not counted as positive nodes, even if there is another lymph node with macro-
metastasis. Axillary dissection is generally performed for macrometastasis.

Prognostic and Predictive Markers in Invasive Carcinoma
Estrogen and Progesterone Receptors

Testing for estrogen receptor (ER) and progesterone receptor (PR) status and for HER2
(ERBB2) overexpression or amplification is standard in the pathologic assessment of
invasive breast carcinoma. These tests are generally performed on formalin-fixed, par-
affin-embedded tissue sections of biopsies or of excision specimens. Patients with inva-
sive carcinomas that express ER and/or PR are candidates for antthormonal therapies.
ER and PR are assessed by immunohistochemical staining. The proportion of positive
tumor cells and the intensity of staining typically are reported. Assessment of positive
staining may be performed manually (semiquantitative assessment) or quantified via
image analysis. Certain caveats pertain to hormone receptor testing. The College of
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American Pathologists (CAP) in collaboration with other professional societies, has
determined that the minimum length of formalin fixation time for tissues stained for
ER and PR (and for HER2) is 6 h. Additionally, cold ischemic time (length of time
between removal of the tissue from the patient and placement in formalin) should be
1 h or less. Prolonged cold ischemic time or inadequate formalin fixation may produce
false results. Fixation for more than 72 h may also interfere with the staining reaction.
Cases falling outside these guidelines and in which negative results are obtained should
prompt repeat testing on a subsequent specimen (repeat biopsy or excision specimen).
The recommended scoring guidelines should be strictly followed [57-59].

Proliferative Index

It is increasingly of clinical interest to determine the proliferation rate of the malignant
cells in invasive carcinomas. This typically is performed by immunohistochemical
staining for a proliferation antigen such as Ki-67. The percentage of positive malig-
nant cells can be assessed either manually (semiquantitative estimation of percent
positive cells) or with automated quantitative measurement. High and low prolifera-
tion rates portend, respectively, a more or less aggressive potential behavior of a car-
cinoma and may factor into clinical decision-making. Specific guidelines for assigning
low, intermediate, or high proliferation ranges have not yet been determined.

HER2

HER?2 (ERBB2, human epidermal growth factor receptor) is a tyrosine kinase protein
that is encoded by the HER2 (ERBB2) gene. The overexpression of the protein, and/
or the amplification of the gene, in invasive breast carcinoma, is associated with poor
prognosis but also identifies patients who are candidates for HER?2 targeted therapy.
HER2-positive invasive carcinomas (which comprise approximately 15-20% of all
invasive breast carcinomas) tend to respond well, to anti-HER2-targeted therapies,
providing considerable survival benefit. The effectiveness of this treatment makes
identification of such cases of paramount importance. HER2 protein overexpression is
determined by immunohistochemical staining; positive HER?2 status is based on more
than 10% of tumor cells staining with intense, complete membranous staining. Less
complete staining, weak staining, or intense staining of less than 10% of cells is con-
sidered equivocal. Amplification of the HER?2 gene typically is determined by in situ
hybridization, either fluorescent (FISH) or chromogenic (CISH). In festing that uses a
control probe, amplification is based on a HER?2 to control signal ratio of >2 or a
HER? copy number of 6 or greater (even if the ratio is less than 2). Cases with a ratio
less than 2 and an average HER2 copy number of at least 4 but less than 6 are consid-
ered equivocal. Because of the clinical importance of identifying HER2-positive
cases, equivocal results in either testing modality (immunohistochemistry or ISH)
should trigger reflex or repeat testing, either by the alternate modality (ISH or immu-
nohistochemistry) or using a different or subsequent tissue sample because of tumor
heterogeneity [57]. It is critical, however, to use the most current HER2 scoring
guidelines because these guidelines undergo periodic review and update. If a tumor
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Fig.2.13 Two masses in the same breast. (a) H&E of mass 1 invasive carcinoma NOS, low nuclear
grade, and corresponding non-amplified HER2 FISH. (b) Mass 2 H&E of invasive carcinoma NOS,
high nuclear grade, and corresponding amplified HER2 FISH, same patient as in Fig. 2.13a

has morphologically different areas, it may be prudent to perform HER?2 on the differ-
ent tumors in view of tumor heterogeneity, because one morphologic type may be
negative, while the other may be positive (Fig. 2.13a, b).

Reporting

Use of a synoptic reporting template in cases of surgically excised breast carcinomas
and DCIS is a requirement for laboratory accreditation by the College of American
Pathologists (CAP). The CAP has deemed status with the Centers for Medicare and
Medicaid Service (CMS), so that accreditation by the CAP qualifies a laboratory for
payment for pathology services through Medicare and Medicaid. In the case of inva-
sive carcinomas, the elements of the template include the specimen site, type of pro-
cedure, histologic type of carcinoma, histologic scoring and grading, size of the
carcinoma, margin status, lymph node status, and hormone receptor and HER?2 sta-
tus, followed by the pathologic TNM staging. Synoptic reporting ensures the report-
ing of elements that are important for clinical management. The use of synoptic
report also ensures that the required elements in the quality category of the merit-
based incentive payment system (MIPS), previously known as physician quality
reporting system (PQRS), are always included in breast cancer reports.
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Breast Calcifications

Breast calcifications are not created equal. Some radiologic calcifications are more
commonly associated with benign processes than others. The evaluation of breast
calcifications in radiology and pathology is distinctly different but converges with
the overarching goal of detecting precursor lesions (e.g., ductal carcinoma in situ
[DCIS]) that are potentially curable. Radiology determines which calcifications
require biopsy and further histological evaluation. Pathology on the other hand
identify the radiologically targeted calcifications in histology specimens and deter-
mine the histologic association of such calcifications.

The initial evaluations of breast calcifications fall on the breast radiologist. At least
half of the biopsies performed for non-palpable breast abnormalities are due to mam-
mographically detected calcifications, and about half of these may have ductal carci-
noma in situ (DCIS). The evaluations of breast calcifications by radiologists, which
have evolved over time, are to identify, characterize (morphology and distribution pat-
terns, location), and determine which calcifications or groups of calcifications may be
associated with a precursor lesion or cancer and therefore require biopsy. The reporting
of such evaluation by the radiologists has now been standardized by the BI-RADS
(Breast Imaging Reporting and Data System). BI-RADS categories generally divide
calcifications into typically benign or suspicious morphology; the BI-RADS categories
are discussed further in the radiologic section of this text [60—68].

The pathogenesis of these calcifications is unclear [69]. There are controversies
on whether such calcifications are formed by cellular degeneration, an active cell-
mediated process or both [68, 69]. It has been suggested that it may be secondary to
membrane-bound vesicles (extracellular/intracellular) of degenerating cells, extra-
cellular matrix, apoptotic bodies, or from the mitochondria of dying cells that have
lost their ability to regulate intracellular calcium [68, 70]. Regardless of the mecha-
nism or pathogenesis, from a pathology standpoint, breast calcifications are mostly
dystrophic, forming in an abnormal local environment rather than calcifications sec-
ondary to systemic metabolic derangements like hypercalcemia, which is referred
to as metastatic calcifications in pathology [70].

It is worth mentioning that “dystrophic calcifications” as described mammo-
graphically have different connotation from the dystrophic type calcifications in
pathology. Mammographically, dystrophic calcifications are coarse, irregularly
shaped calcifications, which are variable in size, shape, and densities because they
do not form in preformed spaces; they may be bilateral. Bilaterally significantly
increased radiologic dystrophic calcifications may raise the possibility of metabolic
disorders like renal disease, autoimmune disorders, chest wall trauma, or burns.
From a radiology standpoint, mammographically detected “dystrophic calcifica-
tions” are considered “typically benign” in BI-RADS lexicon and are generally not
biopsied [62, 71]. Clinically, pathogenesis of calcifications is not important; the
significance lies in whether the detected calcifications are associated with lesion(s)
that require surgical intervention to prevent or at least minimize the future occur-
rence of invasive carcinoma.

Breast calcifications detected on histology may be morphologically different
(Fig. 2.14a—p). The morphologic differences though interesting are of no clinical sig-
nificance; pathologists evaluate breast biopsies performed for calcifications to
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Fig. 2.14 Calcifications and associated lesions. Calcifications associated with benign adenosis
(a) and intraductal papilloma (b). Calcifications (psammomatous calcifications with round and
laminated calcifications) associated with cystic hypersecretory hyperplasia (¢) and cystic hyperse-
cretory carcinoma (d). Calcifications (calcium oxalate) associated with apocrine metaplasia (e),
best seen with polarization (f). Calcifications associated with ductal carcinoma in situ (DCIS) with
comedonecrosis (g, h). Calcifications associated with lobular carcinoma in situ (LCIS), though
uncommon may be seen. Inset shows negative E-cadherin immunohistochemical stain (i, j).
Calcifications associated with fibroadenoma (k, 1). Stromal calcifications. (m, n). Calcifications
associated with fat necrosis (0) and benign ductal epithelium (p)
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Fig. 2.14 (continued)

determine the presence or absence of calcifications and more importantly its associa-
tions—benign or malignant lesions or lesions with higher relative risk of malignancy
[72]. It is useful for pathologists to have a basic understanding of radiologic evalua-
tion and description of calcifications to foster meaningful radiologic—pathologic cor-
relation and minimize false-negative diagnosis due to sampling which may lead to
delayed diagnosis [73-75]. To facilitate such correlation, it is necessary for patholo-
gists to have appropriate information regarding the distribution or types of calcifica-
tions and the specimen/biopsy radiographs [76]. However, in most cases needle core
biopsy specimens are often not accompanied by specimen radiographs, and the requi-
sition sheets often simply indicates “calcifications” without describing the type or
distribution of such calcifications, essentially leaving the responsibility for such cor-
relation to radiologists. Although the radiologic—pathologic correlation should ideally
be performed by the radiologist who obtain the biopsy, it is important for pathologists
to attempt such correlation to minimize cases “falling through the cracks.”

It cannot always be assumed that radiologic—pathologic correlation is performed
by radiologists because of the following: (a) radiologists’ workload, (b) a radiologist
different from the one who performed the initial radiologic interpretation and biopsy
may get the pathology report, (c) lack of specific regulatory requirement for such
correlation, (d) breast biopsies for calcifications may be performed by surgeons (not
radiologists), and (e) breast biopsy pathology reports may end up with the primary
care physicians or surgeons, some of whom may rely solely on the pathology report
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without radiologic—pathologic correlation, especially for negative histology. Given
that there may be up to 8% radiologic—pathologic discordance of breast biopsies and
almost a quarter of these discordant cases may harbor carcinoma, the need for radio-
logic—pathologic correlation for optimal patient care cannot be overemphasized [77].
Hence, pathologists should attempt to determine whether the pathologic findings
provide reasonable and acceptable explanation of the breast imaging findings from
an optimal patient care standpoint.

Adequate Evaluation of Breast Calcifications by Pathologists

For biopsies performed for calcifications, there is at least some radiologic suspicion
of a premalignant or malignant lesion. Ideally x-rays of the biopsied tissues are
performed by breast radiologists to ensure that the biopsies indeed contain the tar-
geted calcifications [76]. It has been suggested that separation of the cores with and
without calcifications by radiologists enhances identifications of calcification histo-
logically; others do not find this practice necessary [6, 78, 79]. We have not found
such separation particularly useful in our practice.

Pathologic evaluation of breast calcifications can be considered adequate as long
as the following questions are appropriately considered and addressed:

(a) Ifthere are calcifications:
What is the estimated size of the largest calcifications? Are these the calcifica-
tions targeted by the radiologists?
What types of calcifications are there?
What are the calcifications associated with?
(b) If there are no calcifications:
Is there a lesion (e.g. DCIS or invasive carcinoma) than can be treated?
Is there a standard institutional approach to search for calcifications?
Are deeper levels obtained? Fixed number of levels or cutting through the block?
Are x-rays obtained? Have steps been taken to ensure exhaustive search for
calcifications?

If there are calcifications, the following should be considered:

Size of calcifications: The resolution of mammography matters in determi-
nation of calcifications seen on histology. The resolution of full-field digital
mammography is 50 to 100 microns [80, 81]. This means that digital mam-
mography (tomosynthesis) can detect calcifications as small as 50 microns or
approximately the size of seven red blood cells. It is likely that the resolu-
tions may significantly improve in the future. Currently, histopathologic
evaluation of calcifications must be informed by the resolution of mammog-
raphy to ensure that the calcifications seen on histology are indeed what was
targeted. Tiny speck(s) of calcifications the size of one (7—8 microns) or two
red blood cells are unlikely to be seen with the current resolution of mam-
mogram and may not be the calcifications targeted on mammography, espe-
cially if a precursor lesion is not seen. This knowledge should help determine
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whether to pursue additional steps to search for more calcifications (e.g.,
deeper levels, leveling through the block or x-ray of the paraffin tissue block),
if no specific lesion is found.

Type of calcifications: Subtyping calcifications seen histologically is usually not
necessary in pathology since the importance of such calcifications in the breast is
the associated lesions. However, it is generally known that there are two types of
breast microcalcifications [67]: type I (composed of calcium oxalate) and type 11
(composed of calcium phosphate, mainly hydroxyapatite); most breast calcifica-
tions are calcium phosphates/hydroxyapatite. Therefore, breast evaluation for cal-
cifications is not complete unless the possibility of calcium oxalate, which is often
associated with apocrine lesions, is considered and addressed [68, 82].

Calcification and associated lesions: Indicating the location or associations of
calcifications was recommended by the joint task force of the American College of
Radiology (ACR), American College of Surgeons (ACS), and College of American
Pathologists (CAP) in 1997 [76] and is therefore a good pathology practice. For
example, certain lesions are more commonly associated with some calcifications
(e.g., high-grade DCIS is often associated with linear or pleomorphic calcifications
with linear or segmental orientation) and must therefore be excluded [66]. However,
different lesions may be associated with similar types of radiologic calcifications.
Similarly, different types of calcifications may be associated with the same lesion.
For example, fat necrosis may rarely be associated with pleomorphic or linear cal-
cifications; linear calcifications may also be associated with sutures especially in the
context of postsurgical evaluation of residual or recurrent disease; and filarial calci-
fications may be linear and should be considered in patients who are living in, who
have visited, or who have emigrated from endemic areas [66, 83]. The identification
of radiologically targeted calcifications is critical histologically in order to provide
satisfactory explanation for the radiologic findings (correlation/congruence).

The mechanisms of some of the associated lesions are mostly of academic
not clinical or management interests. For example, mammary apocrine changes
is similar to normal apocrine glands of axillary, areolar, or perineal apocrine
cells with similar histochemical or immunohistochemical staining reaction
(positive for PASD, cytokeratins 8 and 18, AR [Androgen Receptor], and
GCDFP15 [Gross Cystic Disease Fluid Protein 15; also known as BRST2], but
negative for ER and PR) and secretion [84, 85]. Apocrine change in the breast
is generally regarded as metaplastic as the gradual change from normal cuboi-
dal epithelium to apocrine cells can be seen in breast sections (Fig. 2.15), how-
ever, this position is controversial [84]. Apocrine change in the breast is
considered a benign lesion.

Table 2.4 highlights common lesions associated with calcifications in the
breast.

If there are no calcifications on initial evaluation and no precursor lesion is iden-

tified: Additional efforts should be made to identify the radiologically targeted calci-
fications. The joint task force of the ACR (American College of Radiology), ACS
(American College of Surgeons), and CAP (College of American Pathologists) rec-
ommended that deeper levels beyond the initial sections should be examined if no
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calcifications are identified on the initial sections but calcifications are present in the
specimen radiograph. The task force also recommended that radiograph of the paraf-
fin blocks may be obtained and the specimen should be examined for calcium oxalate
by polarizing [76]. The task force did not indicate the minimum number of levels.
Hence, to find a balance between optimal patient management and cost containment,

Fig.2.15 Apocrine metaplasia developing in native duct, supporting a metaplastic rather than de
novo lesion

Table 2.4 Summary of diagnostic criteria for common lesions associated with various calcifica-

tions [5, 31, 32]

Common breast
lesions associated

with calcifications | Diagnostic criteria Mimics

Ductal carcinoma | Proliferation of pleomorphic, poorly polarized cells | DCIS involving
in situ (DCIS), with irregular contours, coarse, clumped chromatin lobules or

high grade and prominent nucleoli. Single-cell layer of similar | sclerosing

cells is sufficient for a diagnosis of high-grade
DCIS. Mitoses and comedonecrosis (though often
associated) are not required for diagnosis.

No quantitative criteria needed for high-grade
DCIS—any high-grade DCIS should be considered
DCIS

High-grade DCIS is generally surgically excised
with or without sentinel lymph node sampling

adenosis may
mimic invasive
carcinoma.
Myoepithelial
markers are useful
in such cases

Ductal carcinoma
in situ (DCIS),
low grade

Uniform size or monomorphic, round (i.e., atypical),
evenly spaced cell population with distinct cell
borders. May be solid, cribriform, papillary, or
micropapillary in architecture. If cribriform, the
spaces/hole should be almost cookie cutter in
appearance (not slit-like or irregular). Risk for
development of invasive carcinoma is 8—10 times
that of the reference population.

Quantitative criteria: at least 2.0 mm or involving at
least two ducts/spaces (controversial)

Low-grade DCIS is generally surgically excised

Invasive carcinoma
(when involving
sclerosing
adenosis), invasive
cribriform
carcinoma, LCIS,
atypical ductal
hyperplasia, usual
ductal hyperplasia,
collagenous
spherulosis

(continued)
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Table 2.4 (continued)

Common breast
lesions associated

with calcifications | Diagnostic criteria Mimics
Atypical ductal The proliferation in ADH as in low-grade DCIS is Collagenous
hyperplasia monotonous; however, in ADH there may be a second | spherulosis usual
(ADH) population of cells admixed with the monotonous ductal hyperplasia,
population or only partially involving the TDLU low grade DCIS
spaces. Quantitative criteria are useful in distinction of
ADH and DCIS. Two common quantitative criteria
are involvement of at least two membrane-bound
spaces or a size >2.0 mm for low grade DCIS
Risk for development of invasive carcinoma is 3—5
times that of the reference population The risk
applies to either breast.
ADH is generally surgically excised
Flat epithelial While the cells may be cuboidal/columnar, the nuclei | Fibrocystic
atypia (FEA) (similar to low-grade DCIS or ADH) are round, change, columnar

uniform with inconspicuous nucleoli. The involved
acini are variably distended with smooth contours
having secretory materials and calcifications.
Associated with coexistence of ALH, LCIS, ADH,
DCIS, and invasive carcinoma.

FEA is not equivalent to ADH or ALH in spite of
“atypia” in the name. Radiologic-pathologic
correlation to determine whether all targeted
calcifications have been removed, in which case
close follow-up rather than excision, is

cell change

recommended
Columnar cell Variably dilated acini lined by columnar cells with FEA
change and oval nuclei with inconspicuous nucleoli. Lesions
columnar cell with one or two cell layers of columnar cell change;
hyperplasia those with more than two cell layers are referred to

as columnar cell hyperplasia. May be associated

with other lesions including ALH and LCIS. Relative

risk of 1.5 for subsequent development of cancer

No surgical excision necessary for pure columnar

cell change/hyperplasia in the absence of

concomitant proliferative lesions
Ductal Filling and distension of spaces with haphazardly ADH
hyperplasia oriented epithelial cells with variability in shape

without atypia (or
usual ductal

hyperplasia)

which may occasionally show streaming or syncytial
growth in the center of the involved spaces and
slit-like unevenly distributed fenestrations at the
periphery in contrast to rigid ridges in ADH and
DCIS.

Risk for developing invasive carcinoma is 1.5-2
times that of reference population. Risk conferred on
either breast

No surgical excision necessary for ductal hyperplasia
without atypia in the absence of concomitant
proliferative lesions
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a good starting point should probably be ensuring that there are indeed calcifications
in the specimen radiographs. Such radiographs may not be readily available to
pathologists, but efforts should be made to at least review the radiology report or
have a discussion with the radiologist. Some obtain an initial 3-5 deeper levels and
obtain more levels if the initial levels still show no calcifications; others simply
exhaust the block to minimize turnaround time; while others x-ray the paraffin blocks
before deciding whether further evaluation is needed, as the calcifications may have
been dislodged and fallen out of the tissue [6]. It is important to point out that exhaus-
tive search for calcifications has been associated with low yield and high cost [86].
Therefore, each institution should determine appropriate protocol with emphasis on
adequate and effective communications between pathologists and radiologists.

If there are no calcifications on initial evaluation and a precursor lesion is identi-
fied: If no calcifications are identified, but there is a specific diagnosis of a potentially
treatable or precursor lesion, the question as to whether to embark on an exhaustive
search of calcifications in this case will depend on the type of lesions. For example,
if the lesion identified is DCIS or ADH, even in the absence of calcifications, it is
probably unnecessary to continue to look for calcifications, since the purpose of the
mammographic screening and biopsy has been achieved, namely, identification and
management of treatable precursor lesions. Further search for calcifications in this
scenario is likely an academic exercise which may not be cost-effective. On the other
hand, if the lesion identified is the so-called flat epithelial atypia (FEA) in the absence
of calcifications, it may be prudent to search for calcifications by obtaining deeper
levels, since it would be useful to determine if there is a worse lesion, namely, ADH
or DCIS. In the absence of lesions worse than FEA, the current recommendation is
to closely watch the patient rather than excise pure FEA, especially if there are no
residual calcifications on breast imaging, given the low positive predictive value of
FEA for malignancy [87-90]. Additionally, if the only lesion identified is atypical
lobular hyperplasia (ALH) or lobular carcinoma in situ (LCIS), which is not com-
monly associated with calcifications, it may be prudent to search for additional
lesions known to be commonly associated with calcifications.

Finally, in the event that it is determined that the histologic findings do not provide
satisfactory explanation of the breast imaging findings, further actions need to be taken
for optimal patient care. Such actions include, but are not limited to: re-biopsy, recom-
mendation of excision based on level of radiologic suspicion, or closer follow-up.
Having a system in place for routine correlation of radiologic and pathologic findings,
and for open communication with other members of the breast health team is critical.
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Surgical Oncology Evaluation
and Management of Breast Diseases

Harry D. Bear

History and Physical Examination

For women with breast complaints/symptoms, key questions, aside from general
questions about medical history, that need to be addressed include: masses on self-
exam, pain, nipple discharge (including whether it is grossly bloody and spontane-
ous or elicited by pressure), how long a mass or other symptom has been present,
skin changes, enlarged axillary nodes, arm pain or arm swelling, bone pain, cough,
or other symptoms that might indicate distant metastatic disease. Family history of
breast or ovarian cancer is important for determining whether the patient may carry
a heritable mutation increasing the risk of cancer, but absence of positive family
history should not affect clinical suspicion of cancer, since most breast cancers are
not the result of a germline mutation.

Physical examination focused on breast issues, aside from routine elements,
should begin with inspection of the breasts with the patient sitting upright, with
hand by her sides, then raised over her head, and then hands pressing against her
waist. If the patient reports that she can only feel a mass when she is sitting up,
palpation of the breasts in this position can be useful. These positions can accentu-
ate tethering or dimpling of the skin overlying a cancer. Lymphatic examination
should include palpation for cervical, supraclavicular, and axillary adenopathy. The
last is best accomplished with the patient upright, holding the weight of the arm in
the examiner’s same hand (right arm, right hand) and rolling the axillary tissue
between the examiner’s hand and the chest wall (Fig. 3.1). Examining the axilla
after the patient is supine may miss even large pathologic lymph nodes that can fall
back out of reach in that position.
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Fig.3.1 Cartoon illustrating technique for examination of the axilla

With the patient supine, all of the breast tissue should be palpated in a systematic
way, including the retroareolar area and the axillary tail of the breast. It is useful to
use two hands together, with one hand feeling more superficially and the other more
deeply. The pads of the fingers, around the distal interphalangeal joint, not the tips
of the fingers, are most sensitive for detection of masses. The location, size (mea-
sured with a ruler or caliper and not estimated), discreteness, and texture (soft, hard,
rubbery, possibly fluid filled, etc.) of any masses need to be carefully recorded. It is
helpful to make the description somewhat redundant (e.g., upper inner quadrant of
the left breast, at 10 o’clock, 6 cm from the nipple, deep in the breast) so that the
finding can be used to guide focused breast imaging or another exam by a different
examiner or the same examiner at a later time.
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Evaluation of Breast Symptoms and Findings
Masses

As noted above, careful physical examination and documentation of findings is an
important first step in the evaluation of a mass found by the patient or a physician.
Breast imaging is also a critical component for most patients, especially those over
30 years of age. For some patients, the characteristics of the mass on exam may be
typical for a cystic mass. If so and the mass is symptomatic (i.e., painful), the most
expeditious management may be to aspirate the cyst with a syringe and needle in the
clinic, guided by palpation. For indeterminate masses, breast imaging, especially
ultrasound (US), can distinguish between solid and cystic masses. Asymptomatic
simple cysts can be followed without intervention; complex cysts (e.g., with internal
echoes or nodules) and solid masses will most often need to be biopsied, usually a
needle biopsy with imaging guidance.

Mobile, lobulated masses in young women (teens and 20s) are usually fibroade-
nomas (FA; see below under benign disease). If there is uncertainty, the US or a
needle biopsy can be used to confirm this.

Nipple Discharge

Perhaps the most important point to make about evaluation of nipple discharges is
that non-spontaneous nipple discharges (i.e., elicited by pressure on the breast tis-
sue) are not pathologic and should not lead to any evaluation whatsoever.
Spontaneous nipple discharges, on the other hand, are reason for concern, either
because they may indicate significant pathology or because they may be bothersome
to the patient. Nipple discharge fluid that most often indicates a neoplastic process,
in addition to being spontaneous, is either visibly bloody or clear and copious in
amounts. However, testing for occult blood using testing kits that are intended for
fecal material should be discouraged. This is not the intended purpose of these tests
and often leads to unnecessary testing and/or surgery. Furthermore, sending nipple
fluid for cytological examination is also fraught with hazard; false-negative and
false-positive tests are both frequent, and this will generally not resolve the diagno-
sis [1, 2]. The use of ductograms (or galactograms) is controversial but may delin-
eate a mass lesion in a duct system and may localize a lesion that might be missed
by “blind” excision of the central ducts leading to the orifice from which the dis-
charge was observed [3]. Excision of the central ducts behind the nipple may well
result in stopping the discharge but could leave a peripheral malignant or premalig-
nant lesion in place. Some have advocated duct endoscopy to evaluate nipple dis-
charges [4-6]. Nipple discharges are usually caused by duct ectasia, by intraductal
papillomas, and, rarely, by ductal carcinoma in situ (DCIS) or invasive ductal cancer
(IDC). Duct ectasia usually causes clear, yellowish, greenish, or brown discharge,
and excision of dilated or ectatic ducts usually only has the benefit of resolving the
annoying symptom. Management of papillary lesions, especially when diagnosed
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by core needle biopsy, is controversial, but papillomas with atypia have about a 30%
chance of being malignant on excision [7-14]. And like atypical ductal hyperplasia
(ADH) or atypical lobular hyperplasia (ALH), atypia associated with a papillary
lesion increases the risk of developing breast cancer long term.

Breast Pain

Breast pain, whether generalized or localized, is rarely the presenting symptom of a
cancer, but about 10% of patients with a new cancer may have associated pain. Most
breast pain is attributable to a “wastebasket” of diagnoses under the heading of
fibrocystic change. The first responsibility of the surgeon evaluating a patient for
breast pain is to rule out cancer or other serious diseases. This can be done by care-
ful physical exam and routine imaging, mammography, and/or US, depending on
the age of the patient. Rarely is a “blind” biopsy going to be productive.
Recommendations for pain relief are mostly empiric and include non-steroidal anti-
inflammatory drugs (NSAIDs), ice packs, local heat, good support, and reassurance.
Anecdotally, severe pain from fibrocystic disease (FCD) has been ameliorated by
treatment with selective estrogen receptor modulators (SERMs, e.g., tamoxifen),
bromocriptine, or danazol [15-17]. However, because of the potential side effects,
we would only rarely resort to these measures unless the patient was also at increased
risk for breast cancer and over the age of 35. Pain can also be caused by breast cysts,
and these can be aspirated with almost instant relief. Mastitis and breast abscesses
(see below) can also cause severe acute breast pain.

Changes of Nipple

Scaling lesions of the nipple may be a manifestation of eczema or a form of ductal
carcinoma in situ known as Paget’s disease. Essentially, Paget’s represents DCIS
emerging from the nipple milk ducts into the epidermis of the nipple (intraepider-
mal adenocarcinoma). It generally presents with a scaly crusted appearance that
may spread out onto the surrounding areola. Evaluation should include thorough
physical examination and mammography for associated masses. The only reliable
way to make this diagnosis and distinguish it from more benign conditions is to
biopsy the nipple. Generally, a small wedge of nipple tissue can be excised under
local anesthesia and closed with a few small sutures. Foci of invasive cancer or
DCIS in the breast parenchyma are associated with Paget’s in a majority of cases
[18-20]. This may have a profound effect on treatment decisions. For isolated
Paget’s of the nipple, excision of the nipple with a small amount of underlying
breast tissue is generally sufficient for breast conservation treatment (BCT).
Whether or not to add radiation therapy will depend on patient age, margins, and
grade, similar to DCIS in general (see below) [21]. For those patients with addi-
tional sites of cancer within the breast parenchyma, total mastectomy with lymph
node sampling is usually recommended, unless the focus of invasion is directly
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under the nipple. However, just as in patients with two separate sites of cancer and
depending on breast size, two segmental resections may be feasible and
acceptable.

Use of Breast Imaging Modalities

Low radiation dose mammography is the mainstay of breast evaluation and screening.
Although screening guidelines from various organizations have changed over the past
few decades, not without significant controversy, current guidelines vary between
annual and biannual mammograms for women over 50, with more controversy about
the role of screening mammograms in women between 40 and 50 years of age [22,
23]. Newer modalities that may increase the sensitivity and specificity of screening
include tomosynthesis (3D) mammograms, whole breast ultrasound, and magnetic
resonance imaging (MRI), but the roles of these methods for routine population-based
screening have not been clearly established [24-28]. MRI is currently recommended
for women with germline genetic mutations or family history that puts them at >20-
25% lifetime risk for developing breast cancer [29]. Whole breast ultrasound, tomo-
synthesis, and rapid MRI scanning have been proposed as additional tests for women
with dense breast tissue, who are at increased risk of breast cancer and in whom detec-
tion of small breast cancers can be difficult [24-28, 30, 31].

For women with a breast mass or symptoms who have not had a screening mam-
mogram in the past 3—6 months, diagnostic mammograms should be ordered, and
ultrasound may also help to delineate the nature and extent of any lesion that is
palpated or seen on mammogram. US may also be used to guide needle biopsy or
aspiration of fluid, if indicated. Other modalities that have been proposed for addi-
tional screening or to assess mammographic or clinically detectable abnormalities
include breast-specific molecular imaging of radiotracer uptake, such as PET-
mammograms using F'8-labeled glucose or gamma imaging of Tc*-sesatmibi
uptake, and are used in a number of centers, but have not yet become mainstream
routine modalities for breast imaging.

Biopsy Methods and Key Information
Needle Biopsy

The most important “take-away” from this section is that all palpable and imaging-
detected abnormalities that require biopsy should first be considered for a needle
biopsy, either fine-needle aspiration (FNA) or core needle biopsy (preferred) rather
than surgical, incisional, or excisional biopsy. This is considered a quality indicator
and is recommended by the Commission on Cancer as part of the “Choosing
Wisely” program of the American Board of Internal Medicine Foundation [32-35].
Needle biopsy usually establishes a definitive diagnosis with the least morbidity,
avoids excision with positive margins requiring reoperation, and also avoids the
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need for a second surgical procedure for nodal staging. Core needle biopsy is more
likely to distinguish invasive cancer from in situ cancer than FNA and also provides
more tissue for breast biomarkers, including estrogen receptors, progesterone recep-
tors, human epidermal growth factor receptor 2 (ER, PR, HER-2), and Ki67 or other
ancillary testing. This information should be provided by pathology for any needle
biopsy showing invasive cancer, since these may be important for decisions about
which patients may need adjuvant or neoadjuvant systemic therapy (more on this
later). For core biopsies showing DCIS, we do not generally ask for these markers,
since the phenotype of an invasive cancer, if present, in the definitive surgical resec-
tion has greater significance [36]. We therefore only perform biomarkers in cases of
pure DCIS on surgical specimens, not on needle core biopsy. The exception to this
would be patients who, for reasons of comorbidity or on a clinical trial, might be
considered for primary or neoadjuvant hormonal therapy as initial treatment.

Surgical Biopsy

When Is This Appropriate?

Some situations call for surgical biopsy rather than needle biopsy. These include very
thin breasts that compress to a width that is less than the “throw” distance of a biopsy
needle. Some consider the presence of augmentation implants a relative contraindi-
cation to needle biopsy, but with ultrasound guidance, this can usually be accom-
plished safely without violation of the implant. Surgical biopsy may be indicated for
a number of reasons, but as noted above, needle biopsy should always be considered
first. Probably the most common reason for surgical excisional biopsy today is a
“borderline” diagnosis on core needle biopsy. These include lobular carcinoma in
situ (LCIS), ADH, ALH, or papillary lesions with atypia, for which excisional biopsy
may find invasive cancer or DCIS in up to 30% of cases [37]. More controversial are
papillary lesions without atypia and radial scar. Most reports, including a review of
our own experience, have found that excision of lesions that are papillomas without
atypia will find cancer with a low frequency, 5-10% [9-11, 38]. Radial scar is also
unsettled but is particularly worrisome when the mammographic appearance is sus-
picious for cancer. For any needle biopsy result that is considered discordant with the
imaging appearance, surgical excision should be considered [39-42].

Methods for Localizing the Target Lesion

When surgical excision of an occult (non-palpable) lesion of the breast is indicated,
a number of different methods can be used to guide the surgical approach. The clas-
sic approach is mammographic or ultrasound-guided insertion of a wire in the
breast. The surgeon can then use this, along with the films showing the relationship
of the wire to the target lesion or marker clip placed at the time of needle biopsy, to
find the target lesion. Although many illustrations show making an incision near the
entry point of the wire, this is most often not the most direct or cosmetically optimal
approach. Based on the localization films and the measurements provided by the
radiologist, a more direct approach can be determined.



3 Surgical Oncology Evaluation and Management of Breast Diseases 79

Other methods of localization have been described in recent years. A number of
these have the advantage of avoiding the need for a mammographic procedure on the
morning of surgery, facilitating surgery scheduling. For surgeons who are comfortable
with breast ultrasound, intraoperative guidance using this modality is very helpful. This
can be used for lesions that are solid masses that can be “seen” with US or if the lesion
has been marked with a clip that is detectable on US. Recently, a number of institutions
have been using a radioactive seed of '>I that can be located with the same gamma
detection devices that are used to find sentinel nodes mapped with radiotracer. This has
been reported to be highly successful, and some data suggest that smaller volumes of
tissue and higher rates of negative margins are achieved with this method than with
needle localization [43-46]. However, it does require a good deal of preparation and
compliance with complex regulatory measures to ensure against loss of the radioactive
seed. A significant advantage of this approach is that the localization procedure can be
performed several days before the surgery. Similarly, new devices have recently been
approved for this use, including the Savi Scout, which depends on transmission of a
radiofrequency signal from a tiny transmitter in the breast that can be detected with a
probe [47]. Insertion of a ferromagnetic marker (Magseed) that can be detected with a
specially designed probe can also be used to localize breast lesions for later excision.

The lesion should be approached either directly over the lesion or, if possible without
tunneling through too much breast tissue, can be removed through a circumareolar inci-
sion. The latter may provide a well-hidden incision but, if the lesion is peripheral, may
result in tunneling through more breast tissue than is desirable. This may lead to diffi-
culty if re-excision is needed for positive margins or if oncoplastic rearrangement of
tissue is needed to optimize the cosmetic result. Moreover, if the lesion is malignant and
the margins are positive, then it may be difficult to identify the margins to re-excise. If a
cancer is located close to the skin, it may be useful to remove a segment of the skin
overlying the lesion. This helps to ensure a negative anterior or superficial margin and
also avoids closing a thin layer of the skin over a cavity that may become a seroma.

Management of Benign Breast Conditions
Fibrocystic Changes/Breast Pain

The so-called fibrocystic change really refers to a clinical entity characterized by
intermittent breast pain and nodularity or dense breast tissue without a definite or
discrete mass. This is not really a disease, since it is so common and is associated
with a variety of histopathologic findings if biopsied. This most commonly occurs
in late pre- and perimenopausal women. Pain may be cyclical or constant. In gen-
eral, surgery is not indicated for this complaint, unless associated with a definite
imaging abnormality or a palpable discrete mass. This can make it difficult to detect
breast cancer and may cause significant patient anxiety. Recommendations for relief
of symptoms include local ice, heat, or NSAIDS. Although many recommend
avoidance of caffeine for these patients, there is little evidence that this is a caus-
ative agent [48-51].
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Cysts

In contrast to fibrocystic change, which may include collections of small cysts,
larger cysts may present as discrete masses detected on palpation or on mammo-
gram. These may be painful or asymptomatic. If cysts are painful, the most expedi-
tious management is aspiration with a needle (20 gauge is usually sufficient), under
either ultrasound guidance or by palpation (“digital” guidance). If there is uncer-
tainty as to whether a mass detected by palpation or mammography is cystic, ultra-
sound can be used to distinguish solid from cystic lesions. If the cyst is “simple” (no
internal echoes or mural nodules) and not symptomatic, nothing further needs to be
done. If it is painful or “complex” by ultrasound, then aspiration or biopsy should
be undertaken to rule out a neoplasm. If the aspirated fluid is not bloody, then it does
NOT need to be sent for any testing (e.g., cytology), as this will rarely yield a malig-
nant diagnosis and is expensive. If the cyst does not recur, then nothing further
needs to be done. If the cyst recurs, it should be managed according to symptoms.
Cysts can be aspirated again if symptomatic or excised if repeated aspirations do not
resolve the patient’s concerns.

Papillary Lesions

Papillary lesions of the lactiferous ducts may present as a nipple discharge, some-
times bloody or blood tinged, or as a mass found on imaging or physical exam.
These are usually centrally located, but can be some distance from the nipple-areolar
complex. For this reason, many advocate galactograms as part of the workup for
nipple discharge, but this is controversial [3]. Excision, possibly with guidance from
the galactogram, is usually indicated for ductal lesions with nipple discharge. If a
papillary lesion is diagnosed on needle biopsy, the question of whether to surgically
excise the lesion depends on whether or not there is associated atypia on pathology.
A number of reports indicate that a core needle diagnosis of a papillary lesion with
atypia is associated with a 20-30% likelihood of coexisting DCIS or invasive cancer
on complete excision. However, for benign papillary lesions without atypia, exci-
sional biopsy will diagnose a cancer in less than 10% of cases and may not be neces-
sary [9-11, 38].

Fibroadenomas

Fibroadenomas (FAs) are benign fibroepithelial masses (see pathology section) that
usually present as smooth, lobulated mobile masses, most often in young women
(teens and 20s). They may be asymptomatic or mildly painful. If asymptomatic and
less than 2 cm in greatest diameter, they can be followed clinically. For FAs that have
grown relatively rapidly, attained a size greater than 2 cm, or if they are painful, exci-
sion, usually under local anesthesia, is indicated. A wide margin is not required. If
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there is any doubt about the diagnosis, ultrasound and/or needle biopsy can be used
to confirm the clinical impression. If the size of the mass increases over time, exceeds
2 cm, or becomes painful, excision should be considered. These tumors are some-
times found on routine screening, and if the imaging is typical for fibroadenoma,
they can be followed, or if there is some concern that the lesion is atypical or enlarg-
ing, needle biopsy can be done for reassurance. Because fibroadenomas are usually
very mobile, they can usually be reached through a circumareolar incision, resulting
in minimal deformity. Even very large fibroadenomas (sometimes referred to as
“giant”) can be excised readily, and the breast size and shape will gradually return to
normal. Occasional recommendations to undergo mastectomy for very large fibroad-
enomas are inappropriate, as these benign tumors compress the surrounding breast
tissue, which then fills in the space left behind. An alternative to surgical excision is
cryotherapy ablation, using US guidance [52-55]. This leaves minimal scar, but the
tumor may take some time to regress after freezing.

One should be cautious about apparent FAs that are very large or have grown
rapidly, as these may be phyllodes tumors. Needle biopsy will sometimes raise
this issue but often is not definitive, with a diagnosis of “fibroepithelial lesion,
cannot rule out phyllodes.” These require excision to make a definitive diagnosis.
Excision should include a margin of normal breast tissue if possible. If it turns out
that the tumor is a benign phyllodes, then excision with a negative margin should
be adequate treatment [56-59]. Most phyllodes tumors are benign but can recur
locally; some (about 10-25%) are malignant [60, 61], and these can be locally
aggressive and may even metastasize, usually hematogenously. Some have rec-
ommended excision with at least a 1 cm margin for phyllodes tumors, although
the most important factor is achieving a histologically negative margin. For high-
grade phyllodes tumors treated with breast-conserving surgery, radiation to the
breast may improve local control [62-64]. If wide excision with a negative margin
is not feasible, total mastectomy may be necessary. However, since phyllodes
tumors rarely spread via lymphatics, surgical staging of regional nodes is unnec-
essary [61, 63].

Duct Ectasia

Dilated lactiferous ducts may be detected on mammogram or may present clinically
as spontaneous or elicited nipple discharge. The nipple discharge may be clear or
serous, yellow, brown, or green, among other colors. If the discharge only occurs
with squeezing or manipulation of the breast, it is generally considered non-
pathologic and should be ignored. If it is spontaneous, additional workup, such as
galactography or, in some centers, mammary duct endoscopy, may be warranted
[65]. Ectatic ducts may also be the underlying cause of breast abscesses, particu-
larly retroareolar/central infections (see below). Dilated ducts appearing as a new
finding on mammogram are considered by some to be a possible sign of a cancer
and should be evaluated further, with US and/or galactograms.
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Breast Infections

We will not consider postpartum mastitis here, since this is not usually a surgical
disease and is generally treated conservatively with antibiotics [66, 67]. Diffuse
mastitis otherwise is unusual but can be quite painful and may even be associated
with systemic sepsis. This can occasionally occur as a complication of breast
lymphedema associated with lymph node dissection and breast irradiation. This
should be evaluated with breast imaging to rule out an underlying mass or abscess
and needs to be distinguished from inflammatory breast cancer, which can have a
similar appearance. If there is not a mass or abscess, treatment with antibiotics, usu-
ally to cover gram-positive bacteria, should be prescribed. If the process does not
improve, a punch biopsy of the erythematous skin may be necessary to rule out
inflammatory breast cancer, which can present without a mass.

Breast abscesses, which are usually evident clinically, present as painful fluctu-
ant masses under or adjacent to the areola, with associated cellulitis surrounding
the mass. The patient may also report purulent drainage from the nipple. Until
recently, these were generally managed with surgical incision and drainage (I&D)
under anesthesia, followed by wound care and gradual healing. At advanced stages,
these are often fluctuant clinically, or they may show as fluid-filled spaces on ultra-
sound. The management of breast abscesses has changed in recent years, from
routine I&D in the operating room to ultrasound-guided needle aspiration and anti-
biotics. The latter strategy is successful in most cases [68—70]. If the abscess recurs
or has loculated or complex fluid that is too thick for aspiration, I&D may be nec-
essary. Surgical drainage may also be preferred in patients with signs and symp-
toms of systemic sepsis, particularly in diabetic patients. In the past, it was routinely
recommended that once the acute process had resolved, central duct excision
should be performed to reduce the risk of subsequent recurrences [71, 72].
However, this has become more controversial, and some have suggested that duct
excision should only be performed if multiple episodes occur. It should be pointed
out that multiple other entities, such as infected sebaceous cysts, hidradenitis of the
axilla, or inframammary fold area, are managed differently (managed in the same
manner as in other parts of the body) as they are not the same as breast abscesses
arising in milk ducts.

Idiopathic Granulomatous Mastitis

This may be one of the most mysterious diseases of the breast, with a myriad of
presentations and no clear-cut etiology or best treatment. This may present as a
discrete mass, which may be painful, a chronic abscess with or without spontaneous
drainage to the skin, or a diffuse mass effect involving large areas of the breast. The
cause is not clear, and recommended treatments range from antibiotics to steroids to
methotrexate to I&D to excision of discrete masses to total mastectomy. The only
clear recommendation is to start conservatively and reserve more radical treatments
for diffuse disease that does not respond to other therapies [73-75].
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Trauma/Hematoma

Blunt trauma to the breast, such as from a seatbelt or airbag in a motor vehicle acci-
dent, may result in a mass lesion in the breast, which may be a hematoma or an area
of fat necrosis. This can cause considerable pain, with ecchymosis and a palpable
mass. Although these may take a considerable time to resolve, surgery is rarely
indicated unless a hematoma becomes secondarily infected, requiring drainage. If
there is uncertainty about the diagnosis, breast imaging, with mammograms and
ultrasound, can usually clarify the problem.

Radial Sclerosing Lesions (Radial Scar)

A diagnosis of radial scar usually results from image-guided needle biopsy of a clini-
cally occult lesion seen on mammography. The common recommendation for this
result has long been to surgically excise the area, because an underlying cancer can be
missed [39—42]. However, this may only be the case if the mammographic finding was
a spiculated density that looks very much like cancer. More recently, data have sug-
gested that when radial scar is strictly a microscopic finding associated with a needle
biopsy for other types of abnormalities, such as microcalcifications, the likelihood of
missing a cancer is quite low and surgical excision may not be indicated [40-42, 76].

Atypical Hyperplasia

Atypical ductal or lobular hyperplasia has clearly been shown to be a risk factor for
subsequent development of breast cancer long term [37, 77]. It may be appropriate,
based on these diagnoses, especially if combined with other risk factors such as
positive family history, to recommend chemoprevention with estrogen receptor
modulators or aromatase inhibitors [78—81]. When these diagnoses, or lobular car-
cinoma in situ (which is NOT really cancer), are made with core needle biopsy, it is
generally recommended that the lesion be entirely excised to rule out coexisting
cancer, which may be found in up to 30% of cases [82, 83]. However, it has been
suggested that if the biopsy is done with a large bore needle and vacuum-assisted
equipment, especially if all of the calcifications on mammogram have been removed,
that surgical excision may not be required.

Workup of a Patient with Breast Cancer
Imaging of the Breast
For patients with a biopsy-proven diagnosis of breast cancer, in addition to a complete

history, review of systems, and physical examination, a complete set of current bilateral
mammograms (within the last 3—6 months) should be available. Ultrasound of the
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breast may or may not be needed but sometimes can help delineate the extent of disease
in the breast when breast density or other factors (such as invasive lobular cancer) make
this difficult to determine on mammography. Routine breast MRI has been advocated
by some for women with a new diagnosis of breast cancer, based on the likelihood of a
change in management based on MRI findings [84-92]. A significant proportion of
women (up to 25%) will have additional sites or extent of disease defined by MRI, and
3-5% of women will have otherwise undetected contralateral cancers found on
MRI. However, other retrospective studies and at least two randomized trials have not
shown that MRI decreases the need for re-excision or the rate of local recurrence after
BCT [93-97]. It has been argued that although MRI does detect unsuspected additional
lesions in the affected or the contralateral breast, the very low ipsilateral breast tumor
recurrence (IBTR) and contralateral recurrence rates indicate that radiation to the
affected breast, along with better systemic therapy, makes the discovery of these lesions
irrelevant. Indeed, some have suggested that the routine use of MRI may unnecessarily
delay the start of treatment and may increase the likelihood of total mastectomy. An
intermediate stance holds that MRI should be used selectively for younger patients,
patients with very dense breasts, patients with invasive lobular cancer (which can be
very indistinct on other imaging), patients who will undergo primary or neoadjuvant
systemic therapy, and in patients for whom accelerated partial breast irradiation is
anticipated.

What NOT to do for Most Patients

One of the greatest drivers of excessive healthcare costs in the United States of
America (USA) has been the profligate use of complex advanced imaging looking
for systemic metastases in patients with early-stage cancers. For patients with breast
cancer up to Stage II, and perhaps Stage IITA, and with no symptoms to indicate the
presence of metastases, the addition of studies such as CT scans, PET scans, or bone
scans has clearly been shown to be of little or no benefit [98]. These expensive tests
rarely turn up unsuspected metastatic cancer and often lead to additional unneces-
sary tests to clarify the results of the first unnecessary test. The recommendation
NOT to perform these tests has been laid out clearly in guidelines from professional
societies, such as the American Society of Clinical Oncology, and listed in the
“Choosing Wisely” list maintained by the American Board of Internal Medicine
Foundation at www.choosingwisely.org.

Staging for More Advanced Cancers

For women with locally or regionally advanced breast cancer (i.e., AJCC Stage III),
CT scans of the chest, abdomen, and pelvis would be appropriate. PET-CT scans
may be more convenient but are more expensive, are not always definitive for breast
cancer metastases, and may not be covered by insurance. Alternative would be CT
scans of the chest abdomen and pelvis, plus a nuclear medicine bone scan. For
women with symptoms that suggest the presence of metastatic disease, regardless of
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stage, focused imaging may be justified (e.g., plain X-rays and bone scan for severe
bone pain of recent onset, chest X-ray and chest CT for dyspnea or chronic cough
of recent onset, head CT or MRI for neurologic symptoms or severe headache).

Treatment Options for Breast Cancer
Appropriate Sequence of Surgery and Other Treatments

In general, primary surgery has been the standard approach to breast cancer treatment,
followed by adjuvant systemic therapy and radiation. However, in the past three
decades or so, it has been demonstrated that neoadjuvant systemic therapy can be used
to make locally advanced inoperable breast cancers more amenable to surgical resec-
tion and can convert patients from total mastectomy to breast conservation [99-107].
Depending on the phenotype of the cancer, and possibly the molecular profile, primary
systemic therapy may be either cytotoxic chemotherapy or hormonal therapy.
Neoadjuvant systemic therapy should be considered for any patient with a tumor
>2 cm and/or with positive nodes, and the use of neoadjuvant chemotherapy (NCT) is
particularly likely to be useful for tumors that are triple negative (TNBC, i.e., negative
for estrogen and progesterone receptors and HER-2) and those that are HER-2 ampli-
fied. Potential advantages, in addition to reducing the scope of surgery for the breast
primary, are (1) allowing time for genetic counseling and plastic surgery consultations
without delaying treatment; (2) assessing the response to therapy, which may result in
changes in treatment, either pre- or postoperatively; and (3) reducing the scope of sur-
gery to axillary lymph nodes, avoiding the need for full axillary node dissection.

Surgical Options for the Breast Primary: Breast Conservation
Versus Total Mastectomy

Surgical extirpation of the breast primary most simply comes down to breast conser-
vation treatment (BCT—partial or segmental mastectomy, often called “lumpec-
tomy”’) versus simple or total mastectomy. A number of factors have been suggested
to be contraindications to BCT, but some of these have been disputed or even dis-
pelled in the past two decades [108, 109]. Listed in Table 3.1 are factors that no

Table 3.1 Non-contraindications to breast

] Extensive intraductal component
conservation treatment for breast cancer

High grade

Positive nodes

Large breast

Small breast

Patient age (too young or too old)

Multifocal disease

Central location/nipple involvement

Second or third trimester of pregnancy




86 H.D. Bear

longer should be considered contraindications to BCT. Extensive intraductal compo-
nent (EIC, defined as DCIS comprising more than 25% of the tumor area) was found
to predict a higher likelihood of ipsilateral breast tumor recurrence, but only if nega-
tive margins were not routinely obtained [110-113]. More recent series have not
found this to be an issue, if margins are negative and treatment includes irradiation to
the breast [114-116]. Young age does indeed portend a higher risk of local recur-
rence, but total mastectomy and BCT still have equal outcomes [117-125]. Large
tumor size has now been shown to be overcome by neoadjuvant systemic therapy,
either chemotherapy or hormonal therapy, depending on the biologic features of the
tumor [99-107, 126]. Even multicentric disease or large areas of DCIS have now
given way to multiple lumpectomies in selected cases or to oncoplastic resections
and rearrangement of breast tissue, which allow for removal of large segments of
breast tissue and acceptable to excellent cosmetic outcomes [127—-135]. Cancers pre-
senting during pregnancy, while once considered indications for termination of the
pregnancy and/or total mastectomy, can be safely treated with neoadjuvant chemo-
therapy, with minimal risk to the fetus, and breast-conserving surgery near or after
delivery and radiation after delivery. The remaining relative and absolute or true
indications for total mastectomy over BCT are listed in Tables 3.2 and 3.3. By far the
most frequent of these should be patient choice, for reasons that are as varied as the
patients themselves (e.g., fear of recurrence, not wanting to have further mammo-
grams, strong family history [with or without a documented germline mutation]).

Staging of Regional Lymph Nodes with Clinically Negative Nodes

This aspect of breast cancer management has undergone major changes in the past
two decades. For patients with clinically negative axillary lymph nodes, sentinel
node biopsy has largely supplanted axillary lymph node dissection (ALND, usu-
ally removal of level I and II nodes) for providing staging information about the
presence or absence of microscopic cancer in the nodes [136—139]. Sentinel lymph

Table 3.2 Relative contraindications to breast conservation treatment for breast cancer

Multicentric disease

Prior breast irradiation

Radiation therapy inaccessible

First trimester of pregnancy

Large tumor relative to breast size—can be overcome by neoadjuvant systemic therapy and/or
oncoplastic methods

Connective tissue diseases (e.g., scleroderma or systemic lupus involving skin)

Table 3.3 Absolute contraindications to breast conservation treatment for breast cancer

Diffuse disease (e.g., malignant calcifications or biopsy-proven diffuse cancer found on MRI)

Inability to achieve negative margins

Patient choice
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node (SLN) biopsy has been shown to result in equivalent outcomes to routine axil-
lary node dissection in randomized trials. This has greatly decreased the morbidity
of surgical management, particularly the incidence of lymphedema of the upper
extremity [140]. This procedure is performed by injection into the breast of a
radiotracer that can be taken up by the lymphatics and/or a colored dye that also
helps to identify the sentinel nodes visually. We generally inject 1 microcurie of
PTechnetium sulfur colloid into the breast, while the patient is in the pre-op hold-
ing area, split between retroareolar injection and injection intradermally overlying
the tumor site, in a total volume of 0.5 cc. Some have advocated and practiced
injection after induction of anesthesia in the operating room [141, 142]. The advan-
tage of this is that the patient does not experience the pain associated with the
injection. However, those that favor the later injection have generally been using
much larger volumes (4-5 cc), which is certainly more painful. We have found that
with careful explanation and sometimes administration of mild sedation or after a
regional block if being administered prior to mastectomy, the patients generally
tolerate the injection well, and this allows more time for the tracer to reach the
nodes. However, the later injection has been reported to work equally well. After
induction of anesthesia and prepping, we then inject 3—5 cc of isosulfan blue, part
retroareolar and part peri-tumoral, and massage the breast for 3—5 min before mak-
ing an incision in the axilla and searching for the “hot” and blue nodes. Some
centers use only one dye or tracer to identify the SLN, but dual dye techniques may
improve the yield and accuracy, especially after neoadjuvant chemotherapy (see
below). A variety of other radioactive, nonradioactive, and colored dyes have also
been used to map the SLN for excision. It is also possible to find and remove the
sentinel node through the mastectomy incision if a total mastectomy is being
performed.

After the surgeon removes the nodes that are identified by a gamma probe and/or
visual inspection, they are carefully examined by the pathologist, either immedi-
ately (intraoperative consultation) or by permanent section, depending on the situa-
tion. Randomized trials have demonstrated the accuracy of this approach, with
false-negative rates in the range of 10% and no difference in patient outcomes com-
pared to ALND [136-139]. If the sentinel nodes are negative, then no further sur-
gery for regional nodes is needed. Initially, finding positive sentinel nodes would
lead to a completion axillary node dissection. More recently, however, several stud-
ies have questioned whether the remaining lymph nodes need to be removed. For
patients undergoing BCT followed by radiation and with one or two positive SLNs,
the Z1011 trial found that completion ALND was not beneficial [143, 144]. The
AMAROS trial in the United Kingdom found that for patients undergoing total
mastectomy who had positive SLN, axillary radiation was as effective as ALND
with less morbidity [145]. Some studies have now shown that if axillary US is nega-
tive for suspicious nodes in the axilla, then surgical staging is unlikely to find sig-
nificant disease in axillary nodes that would lead to changes in patient treatment
[146, 147]. In fact, decisions about systemic adjuvant therapy are now driven more
by molecular characterization of breast cancers than by anatomic/pathologic
staging.
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Whether or not to perform SLN biopsy for patients with DCIS has been contro-
versial [148]. Although positive SLN has been reported in about 5% of patients with
“pure” DCIS, this does not appear to impact prognosis significantly and generally is
not recommended. However, in certain circumstances, SLN may be appropriate for
patients with a core biopsy diagnosis of DCIS. Patients undergoing total mastec-
tomy because of the extent of disease or by patient choice should be considered for
SLN biopsy because of the possibility of finding invasive cancer in the mastectomy
specimen, which can occur in 20-25% of patients. If this occurs, one cannot go back
to map the SLN after the breast has been removed. Similarly, imaging findings (e.g.,
a mass or extensive disease, especially if high grade) or pathology findings suspi-
cious for invasion increase the likelihood of DCIS being upstaged to invasive cancer
and should lead to consideration of a SLN biopsy.

Surgical Management of Regional Nodes for Patients
with Clinically Positive Nodes

This is a particularly controversial area, particular in an era when MRI and US often
detect abnormal nodes that may not be appreciated on physical exam. Regardless of
the method of detection, abnormal nodes should generally be sampled by either
FNA or core biopsy to document involvement prior to treatment. Whether the
patient is considered to be a candidate for neoadjuvant therapy or primary surgery,
pathologic confirmation of node involvement impacts the options for management.
In the case of those who are not candidates for chemotherapy, then an axillary dis-
section will generally be appropriate for patients with clinically and pathologically
positive nodes. On the other hand, neoadjuvant chemotherapy will often be chosen
for women with positive nodes, and the management of the regional nodes for those
patients is an evolving issue. With pathologic complete response rates for some
subsets of patients (TNBC and HER-2 overexpressing cancers, in particular) rang-
ing from 40 to 70%, the potential to avoid full axillary dissection even in patients
presenting with positive nodes has become a reality. Although some still advocate
SLN biopsy prior to receiving NCT, finding a positive SLN in this setting may obli-
gate the surgeon to complete an ALND after treatment. Therefore, a number of
studies have examined the accuracy of SLN biopsy in patients presenting with posi-
tive nodes after NCT. False-negative rates (FNR) of 10-15% have raised concerns
that this could result in understaging and undertreatment, but these rates are little
different from the FNR for primary SLN biopsy with no prior treatment. Furthermore,
a number of maneuvers can reduce the rate of missing residual cancer in nodes,
including the use of two dyes (radionuclide and colored dye), removing three or
more nodes (if they exist), and marking the positive node with a clip and then con-
firming removal of the clipped node by specimen mammography [149-156]. In
80% of patients, the clipped node will be one of the nodes that maps with one of the
dyes, but in the other 20%, the formerly positive clipped node will be different from
the mapped nodes [157, 158]. Finding and removing the clipped node can be facili-
tated by also marking with India ink or a radioactive seed. With the combination of
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these techniques, the false-negative rate for post-NCT SLN biopsy for patients with
initially positive nodes can be reduced to low single digits [157, 158]. Exceptions to
this approach in our institution would be patients with multiple (three or more)
nodes that are abnormal prior to therapy or those whose nodes remain abnormal
clinically or on imaging at the end of treatment. These patients should generally
have a standard axillary node dissection.

The subsequent management of the axilla in patients presenting with positive
nodes and receiving NCT is also evolving. For patients whose SLN and clipped node
are negative after NCT, most would agree that axillary dissection is unnecessary, but
at this time addition of regional nodal irradiation would be considered standard for
these patients. In the face of retrospective data suggesting that such patients are at
low risk for regional recurrence [159], a clinical trial is currently underway which
randomizes patients with documented pathologically positive nodes whose nodes are
negative after NCT to regional nodal irradiation versus no irradiation after total mas-
tectomy or breast-only irradiation for patients undergoing BCT [160-162].
Conversely, for patients with persistent cancer in the axilla, the current standard
would be to complete an ALND and to add regional nodal irradiation. For these
patients, a current clinical trial is randomizing patients with positive SLN after NCT
to ALND + regional nodal irradiation versus omitting the ALND. Hopefully, these
trials will be completed and provide answers to the questions that remain regarding
the management of regional nodes in patients receiving NCT.

Breast Conservation Methods

Importance of Margins

The appropriate width of margins has been debated for decades. For invasive can-
cer, early studies of total mastectomy specimens found that “skip” areas of cancer
separate from the primary site can be found frequently [163]. This has certainly
been supported by the high incidence of IBTR in patients who underwent segmen-
tal mastectomy without radiation in the NSABP B-06 trial (40% at 10 years),
despite negative margins [164, 165]. However, the addition of radiation and cur-
rent systemic therapies has reduced the IBTR rate to the range of 5% or even less
at 10 years [166]. Nevertheless, margins ranging from “no tumor on ink” to
>5 mm have been advocated [163, 167-178]. The early NSABP B-06 trials
defined negative margins as “no tumor on ink,” referring to the pathologist’s
method of inking the surface of the submitted specimen prior to fixation. A recent
meta-analysis and consensus statement, however, led to the recommendation that
“no tumor on ink” is adequate for invasive breast cancer and that additional sur-
gery to obtain a wider or “better” margin is not justified [179]. If a margin is truly
positive, with tumor on ink, a second or even a third attempt to obtain negative
margins by selective re-excision along the corresponding wall of the cavity can be
successful. However, if multiple margins are very close (<1 mm) over an exten-
sive area, rather than being “focal,” we may still re-excise more tissue adjacent to
the close margins.
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For DCIS, the story on margins has been more difficult to settle. Again, a recent
meta-analysis and consensus statement from multiple organizations support the recom-
mendation that a minimal margin of 2 mm should ideally be achieved for DCIS [180].
However, this does not necessarily mean that a second operation should be performed
to achieve a “better” margin if the initial excision margin is negative but less than
2 mm. However, a wider margin than “no tumor on ink” may be particularly advisable
in patients for whom omission of breast irradiation is being considered [181-183].

Methods for Margin Marking and Assessment

There have been a number of methods used for orienting, marking, and/or analyzing
the margins [184—-193], but at the very least, the specimen should routinely be ori-
ented for the pathologist. If the specimen is clearly oriented, then if any margin is
positive, it may only be necessary to re-excise one margin in the excision cavity.
Orientation methods include sutures of different lengths, clips that are labeled, and
“painting” the six sides of the specimen with different colors, each specific to a
designated margin. Assessment of margins using a variety of intraoperative imaging
methods, including “three-dimensional” imaging, and a chemical probe that can
detect cancer cells at the margins of the specimen have also been advocated.
Intraoperative cytologic and histologic assessment of the resected specimen have
both been used in some centers. Routine “shaving” of specimens from the margins
of the resection cavity at the initial resection of cancers has been shown by some to
reduce the incidence of re-excision, although the criteria for re-excision may not
have been just “tumor on ink™ in all cases, and it has not been shown that this pro-
cedure reduced the incidence of ipsilateral breast tumor recurrences [194].

Oncoplastic Resections

So-called oncoplastic techniques can be used to optimize the cosmetic result of breast
conserving surgery (BCS) and extend BCS to patients who would otherwise need to
have a total mastectomy. However, a detailed description of the many oncoplastic
procedures that are used is beyond the scope of this chapter. Some surgeons use these
approaches for nearly all of their BCS procedures, while others use these selectively.
A number of these are based on plastic surgery methods used for reduction mammo-
plasty and the Wise pattern incisions often used for that procedure [127-135]. For
women with sufficient breast tissue and small tumors, resections in the upper part of
the breast usually have quite good results without these specialized techniques. But
for larger tumors (including extensive DCIS), and especially for tumors in the lower
half of the breast, oncoplastic methods can produce much better results than simple
excision, allowing the breast to fill in the cavity naturally. In the lower half of the
breast, excision without any reconstruction can lead to an unsatisfactory “bird beak”
deformity. An example of oncoplastic resection and the outcome achievable is illus-
trated in Fig. 3.2. In some patients with very large or ptotic breasts, oncoplastic resec-
tion done as a reduction, with concomitant reduction of the contralateral breast, may
be used with excellent outcomes and a high level of patient satisfaction (Fig. 3.3).
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Fig.3.2 Oncoplastic resection of cancer of lower central aspect of the breast. (a) Cartoon illustrat-
ing incisions (dark blue), tumor site (blue cross), resected tissue (brown), and de-epithelialized
skin above areola (gray crescent). (b) Immediately after resection and reconstruction. (c)
Appearance | year after surgery and irradiation

Fig.3.3 (a) Result after
bilateral reduction
mammoplasties for ptotic
breasts, including the
cancer in the left breast,
which is slightly
hyperpigmented secondary
to irradiation. Shown
supine to illustrate scars.
(b) Shown upright to
illustrate cosmetic result
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Total Mastectomy, with or Without Reconstruction

For patients who either choose or need to have a total or simple mastectomy, the
standard incision has been to excise an ellipse of the skin centered on the nipple-
areolar complex. If the patient is not undergoing immediate reconstruction, then
enough skin is generally removed to allow a tension-free closure of the superior
and inferior flaps, but without leaving excessive skin on the chest wall. Variations
on V-Y plasties can be used to avoid excessive tissue or “dog ears” at the lateral
corners [195]. However, for patients undergoing reconstruction, skin-sparing
mastectomy, removing only the nipple and areola, or “total” skin-sparing or nip-
ple-areola complex (NAC)-conserving mastectomies can be performed [196].
Preserving most or all of the skin of the breast has not been found to increase the
risk of local recurrences significantly [196]. With appropriate patient selection,
NAC-preserving mastectomies have also been found to be safe. The latter
approach can be performed through a variety of incisions, including circumareo-
lar, lateral radial, or inframammary crease, depending on the size and shape of
the breast and surgeon preference. The last is perhaps the most challenging but
offers excellent cosmetic outcomes. Aside from concern about recurrence, the
other main concern with NAC-sparing mastectomy is the risk of nipple ischemia,
which may occur in up to 5-10% of cases, depending on the approach and other
factors. With careful technique and meticulous reconstruction, excellent cos-
metic outcomes can be achieved (see Fig. 3.4). However, the preserved nipple
will have minimal if any sensation.

Options for Reconstruction

Prosthetic Implants

For patients in whom total mastectomy is necessary or preferred by the patient,
options for reconstruction may be either immediate or delayed and are performed
with prosthetic implants or autologous tissue transfer [197]. The advantages of
implants are that the surgery is less prolonged, as is the postoperative recovery. In
most cases, this approach is started with a temporary tissue expander that has a port

Fig.3.4 Bilateral
nipple-areolar
mastectomies, performed
through inframammary
crease incisions, for
germline genetic mutation.
Photographed shortly after
exchange of tissue
expanders for permanent
implants
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and which is gradually inflated with saline over several months and then exchanged
for a permanent implant. Recently, the FDA has approved a device that is inflated
with CO, gas from a cylinder that is controlled by the patient. In some cases, imme-
diate insertion of a permanent implant is possible. In general, these implants are
placed behind the pectoralis major muscle, with or without a sling of collagen mate-
rial to reinforce the inferior aspect. More recently, interest has grown in placing
prosthetic implants superficial to the muscle and covered by a collagen sheet. This
may give a more natural appearance and may be associated with less discomfort
than stretching the pectoralis muscles with a submuscular implant. This has been
made more feasible by the advent of newer devices that are semisolid rather than
filled with fluid.

Autologous Tissue Reconstructions

An alternative approach to implant-based reconstruction is the transfer of the
patient’s own tissue from a remote site to replace the tissue lost with total mastec-
tomy. For many years, the most common source of tissue was the lower abdominal
fat and skin, rotated to the chest wall with its blood supply based on the superior
epigastric vessels, along with the rectus abdominis muscle. This transverse rectus
abdominis myocutaneous (TRAM) flap provided very good results, albeit at the
expense of a more extensive surgical procedure and longer recovery time. The
other major disadvantage was the functional deficit, making it difficult for women
to sit up from a supine position, particularly with bilateral TRAMs. A number of
alternatives, including myocutaneous latissimus dorsi flaps, have also been used.
More recently, the trend has been to use so-called free flaps transferred with blood
supply that is divided at the site of harvest and reanastomosed to vessels at the
recipient site, using microvascular techniques. This requires special training and
equipment, generally available only in larger hospitals. The surgery is of much
longer duration, as is the recovery period; this is an obstacle to patients who have
comorbidities or who want to return to full activities as quickly as possible.
Nevertheless, the cosmetic results, barring significant complications, are excellent,
and many patients prefer this approach, avoiding implanted artificial materials. For
patients with limited skin or autologous tissue available or irradiated skin, a com-
bination of implant and an autologous tissue flap to cover the implant with non-
irradiated tissue may be used.
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Breast Cancer: Overview of Decision
Making by the Medical Oncologist

Mary Helen Hackney

Optimal management of breast cancer patients requires collaboration with surgical and
radiation oncologists. Treatment planning depends on an accurate diagnosis and charac-
terization of the cancer phenotype. Sources of information for proper treatment planning
include breast imaging (bilateral mammograms supplemented by ultrasound and some-
times MRI) and careful pathologic review supported by assessment for estrogen recep-
tor, progesterone receptor, and HER?2 status. The increasing use of systemic therapy
prior to definitive surgery requires medical oncology involvement in development of the
initial treatment plan. Medical oncologists are responsible for chemotherapy, endocrine
therapy, HER2-directed therapy, long-term care, and when necessary end-of-life care.

Breast cancer care can be broadly divided into two groups, early-stage disease
and distant disease (stage 4 disease at presentation or recurrence after treatment for
early-stage disease). Approximately 10% of new cases in the United States present
as stage 4 disease.

There are several broad principles that should be considered in patients present-
ing with early breast cancer.

1. Estrogen receptor-positive cancers should always be considered for endocrine
therapy.

2. Estrogen receptor-negative cancers should be considered for chemotherapy.

3. HER2-expressing cancers should be considered for trastuzumab and/or other
HER?2-targeted agents along with chemotherapy.

4. All patients should be evaluated for clinical research trials, if available, at each
phase of their treatment [16].

These rules are just guidelines as other factors such as TNM stage impact the
final treatment plans.
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Early-Stage Disease

The increased use of breast cancer screening has led to increased detection of
smaller cancers. Many of the original adjuvant studies did not include patients with
tumors under 1.0 cm. The use of central venous access devices and the improvement
in antiemetics have made it easier to give chemotherapy. New chemotherapy and
endocrine and targeted therapies are increasingly available. The challenge becomes
determining who needs which treatment, how much and for how long.

Treatment planning depends on the tumor type and grade, the size of the cancer,
and the extent of metastatic tumor (if any) in lymph nodes. For some patients, newer
genomic-based studies may contribute information that impacts decision making,
particularly the use of chemotherapy. Estrogen receptor status remains a key factor
for decision making. All patients with positive estrogen receptors should be consid-
ered for endocrine therapy as a component of their systemic therapy. Generally,
estrogen receptor-positive patients have a better prognosis. The higher levels of
estrogen receptor expression (over 10%) probably respond better to endocrine ther-
apy, but patients with any level of estrogen receptor staining should be considered
for a trial of endocrine therapy. Estrogen receptor-negative cancers should be con-
sidered for chemotherapy.

Progesterone receptor levels are also routinely measured. A patient with an
estrogen-negative/progesterone-positive tumor should be considered for endocrine
therapy though these patients have a poorer prognosis than patients with estrogen-
and progesterone-positive tumor [19].

HER?2 expression was once considered a poor prognostic feature. However, the
remarkable efficacy of trastuzumab added to systemic therapy has resulted in sig-
nificant improvement in prognosis [19]. Newer studies support the addition of per-
tuzumab to trastuzumab for neoadjuvant and metastatic therapy regimens.

Ki-67 provides information on the proliferation status of the cancer, but the util-
ity of the assay remains limited due to challenges in standardization of the assay. In
general, lower scores, less than 15%, suggest that the patient has a less aggressive
cancer. Higher scores suggest faster growth and potentially more aggressive can-
cers. Ongoing clinical trials are evaluating the change in Ki-67 levels during neoad-
juvant endocrine treatment and attempting to standardize the assay. Sustained
reduction in the Ki-67 to <10% appears to predict excellent outcomes with endo-
crine therapy alone.

Several genomic-based tests are available to help in decision making for stage 1 and
2 breast cancers. All breast cancer patients may derive benefit from chemotherapy to
reduce the chance of recurrence. Genomic-based assays have been developed to identify
those patients most likely to benefit from chemotherapy. They are most useful for the
estrogen receptor-positive cancers, particularly those with minimal or no nodal involve-
ment. They are generally not useful for patients with HER2 overexpression. Oncotype
DX, MammaPrint, and Prosigna (formerly called PAMS50) are three of the better known
gene expression assays that provide prognostic information [13, 18, 22]. Though the
three tests provide slightly different information, they all stratify patients into higher risk
versus lower risk for recurrence. Oncotype DX stratifies patients into low risk, moderate
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risk, and high risk of recurrence [18]. Patients at low risk for recurrence should only be
treated with endocrine therapy since chemotherapy does not provide significant improve-
ment to their excellent prognosis with endocrine therapy alone. High-risk patients
should be offered chemotherapy followed by endocrine therapy to give them the best
opportunity for long-term survival without recurrence. The results from the TAILORx
clinical trial evaluating the best treatment for moderate-risk patients should be reported
in the near future. Mammaprint provides a high risk/low risk stratification.

The tumor size and the extent of lymph node involvement remain important in
the treatment decision making process. Neoadjuvant endocrine and systemic thera-
pies had previously been reserved for locally advanced and inflammatory breast
cancer [11]. Based on data from several clinical trials, neoadjuvant chemotherapy
can now be considered for any patient with a tumor larger than 2 cm or with biopsy-
documented lymph node involvement [14]. Neoadjuvant therapy may allow the
patient to have lesser surgery and have fewer nodes removed. It also demonstrates
the responsiveness of the cancer to treatment. Pathologic response to treatment may
be useful in determining need for additional therapy and the risk of recurrence.

Patient Discussions

Education and collaboration are keys to identifying optimal therapy for a breast
cancer patient. Once a diagnosis has been established with characterization of the
phenotype and the proper imaging has been completed, the medical oncologist and
the patient are ready to begin the interactive process that will determine the systemic
treatment plan. Sometimes this will begin after a patient has surgery and the patho-
logic stage is known. A critical aspect of these discussions is helping patients under-
stand their risk of disease recurrence balanced against the potential side effects of
the therapies. Patients with comorbid conditions including complications of
advanced age, renal failure, or liver failure may not be able to tolerate some thera-
pies. A clear discussion of side effects and providing the patient with information
that can be reviewed again at home help with patient and caregiver understanding.
Online models such as Adjuvant! Online can be useful to visually demonstrate the
risks of recurrence and the benefits of treatment. However, a challenge to use of
these tools is the need for updating as new information becomes available. Adjuvant!
Online also does not incorporate data on HER?2 status in its current model.

Professional societies and organizations have increasingly provided guidelines
for treatment. One of the more important organizations is the NCCN which has
established programs for developing and updating treatment algorithms for most
cancers. Information is available both for clinicians and patients [16]. The breast
cancer algorithms are comprehensive and are frequently updated. ASCO guidelines
are not as comprehensive but also include many guides for supportive care such as
antiemetic use and growth factor use.

Women of childbearing potential who wish to optimize the possibility of preg-
nancy following systemic cancer therapies need referral to a fertility specialist for
discussion about treatment options. Chemotherapy may cause early menopause
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with permanent ovarian failure. Long-term endocrine therapy may impact decision
making about pregnancy following the treatment for cancers.

During treatment it is important to emphasize global patient health and wellness
particularly for those women who have an excellent prognosis. Patients should be
encouraged to exercise and stay active. Although tobacco is not directly linked to
breast cancer, counseling for tobacco cessation should be offered as part of good
global health practice. It is often difficult to lose weight during treatment for breast
cancer. Women should be encouraged to seek a healthy weight as part of their long-
term survival plan. Comprehensive care requires programs to provide support for
patients during and after cancer treatment. Nutrition classes should be available on
a regular basis with individual counseling if possible. Lymphedema management
should be available to all patients who have had nodal surgery or irradiation.
Counseling and guidance for navigating the financial challenges of cancer manage-
ment are essential. A process for directing patients to legal support is important
particularly for help with medical directives, wills, guardianship, and job discrimi-
nation during and after the treatment. Medical patient education is a very important
piece of comprehensive patient care. An educated patient and caregiver team will
be better equipped to face the rigors of treatment with greater confidence and
assurance.

Endocrine Therapy

Endocrine therapy is the oldest systemic therapy for breast cancer. The original treat-
ments with bilateral oophorectomies and adrenalectomies have been replaced by medi-
cations that interfere with the estrogen receptor function or block postmenopausal
estrogen production. Tamoxifen, a selective estrogen receptor modulator, is approved
for use at any age and at any stage and can be used for both male and female breast
cancers. The side effects include hot flashes, a risk of deep vein thrombosis, and a rare
risk of uterine cancer. The third-generation aromatase inhibitors (anastrozole, letrozole,
exemestane) are also approved for any stage of estrogen-positive breast cancer [5, 6].
These medications are only effective if the ovaries are nonfunctioning either in natural
menopause or in women with premature ovarian failure due to chemotherapy or oopho-
rectomies. There is a slight benefit to using aromatase inhibitors rather than tamoxifen
in postmenopausal women. Side effects can include diffuse arthralgia, hair thinning, and
bone loss. Compliance can be an issue if the side effects of hormonal therapy are intoler-
able. Clinicians need to monitor compliance and work with patients to find suitable
interventions or change the medication to support compliance with treatment.

Ovarian ablation either by use of LHRH (luteinizing hormone-releasing hor-
mone) analogs or surgery can improve outcomes in premenopausal women with
high-risk, estrogen-positive, early-stage disease when administered with an aroma-
tase inhibitor or tamoxifen. Ovarian ablation is also indicated for premenopausal
women with estrogen receptor-positive, recurrent breast cancer. Oophorectomies
also reduce the risk of ovarian cancer in women who have tested positive for delete-
rious BRCA gene mutations.
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Other hormonal therapies with specific breast cancer indications are fulvestrant
and toremifene. Historically, megestrol acetate, estrogen, and halotestin were used
for metastatic disease. They are no longer available or have been surpassed by the
newer agents such as fulvestrant.

The standard duration for endocrine therapy in early-stage disease is 5 years.
Several studies now support the use of hormonal therapy for 10 years. Ten-year data
is available for tamoxifen and anastrozole and the combination of 5 years of tamoxi-
fen and letrozole [10]. Long-term risks and side effects must be weighed against
benefits.

Chemotherapy

The first successful chemotherapy regimen to gain widespread use was CMF (cyclo-
phosphamide, methotrexate, and 5-fluorouracil). This regimen is still in use but has
been supplanted by the combinations of anthracyclines and taxanes. Cyclophosphamide
remains the backbone of many regimens. Platinums, particularly carboplatin, have a
role in triple-negative breast cancer and HER2-positive treatment regimens.

Several guidelines are available to use for decision making and to provide infor-
mation regarding the different regimens. Chemotherapy can be given after definitive
surgery or as neoadjuvant therapy prior to surgery. Patients with locally advanced or
inflammatory breast cancer should always have chemotherapy prior to surgery.
Increasingly chemotherapy is used in the neoadjuvant setting for patients with
biopsy-proven positive lymph nodes or larger, palpable tumors [11].

Patients with HER2-positive cancers should have trastuzumab added to the che-
motherapy regimen [21]. Pertuzumab is approved for administration with trastu-
zumab and chemotherapy in the neoadjuvant setting. The dual HER2 blockade with
both trastuzumab and pertuzumab in the neoadjuvant setting provides an increased
response to treatment [9]. The most common chemotherapy combinations with
HER2-targeted therapy are carboplatin and docetaxel or anthracycline, cyclophos-
phamide, and weekly paclitaxel.

The use of antiemetic medications and white cell growth factors has made the
administration of chemotherapy safer and easier for patients. Breast cancer chemo-
therapy is administered in an outpatient setting. Rarely are patients admitted. The
most common reason for admission is fever with neutropenia.

Side effects of treatment can be challenging. Hair loss is common and may be
emotionally troubling. There are several methods using cold that might reduce hair
loss but these can be costly and burdensome. Hair usually returns, but in some women
it may be thinner or minimal. Neuropathy is common with the use of taxanes. Dose
adjustment may be necessary. The neuropathy usually presents as a “pins and nee-
dles” feeling in the fingertips and toes. Recovery may take months with the toes often
the slowest to fully recover. The neuropathy may cause pain as well as numbness
which can compromise the ability to work or do some tasks. Medications to relieve
neuropathic discomfort may be required. One of the most challenging side effects is
cognitive dysfunction associated with chemotherapy, also known as “chemo brain”
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or “chemo fog”. High-functioning patients are most likely to notice the challenge to
short-term memory, name recall, and slowness of learning new material. Generally,
this improves over time. Good sleep and limits to multitasking may help. Sometimes
it is useful to refer patients for neurocognitive testing. Cardiomyopathy and heart
failure can develop after anthracycline chemotherapy or trastuzumab. Left chest radi-
ation therapy may also be an additive factor. There are guidelines regarding cardiac
function monitoring before, during and after treatment. This may help detect early
dysfunction prior to symptoms. Referral to a cardiologist, particularly one familiar
with chemotherapy agents, may be helpful. Bone marrow failure or acute leukemia
is very rare but can be seen as a consequence of chemotherapy particularly the
anthracyclines and to a lesser extent cyclophosphamide. Acute leukemias following
chemotherapy have poorer outcomes as compared to de novo acute leukemia.

Breast Cancer Risk Reduction: Atypical Ductal Hyperplasia
and Ductal Carcinoma In Situ

The increased use of routine mammography screening has led to the discovery of
many breast lesions that are not invasive cancer. The question is whether there are
interventions that can reduce or prevent women from getting breast cancer especially
if there are non-cancerous changes found in the breasts. Approximately one in eight
women will develop breast cancer over their lifetime. Lifestyle risk reduction strate-
gies include limitation of alcohol consumption, maintenance of appropriate body
weight, and no use or very limited use of hormone replacement therapy. Although
there is a big market for special diets and supplements to reduce cancer risks, the data
to support these is weak. Two large national trials demonstrated the efficacy of tamox-
ifen and raloxifene as risk reduction agents (chemoprevention) in women who meet a
certain level of risk as determined by the Gail Model [7, 26]. The Gail Model is a
breast cancer risk calculator utilizing current age, age of menarche, number of prior
breast biopsies, and the presence of atypical ductal hyperplasia in prior breast biopsies
to determine a woman’s lifetime risk for breast cancer. Women who have a 5-year risk
level of 1.66% or higher can be considered for tamoxifen or raloxifene. Both are
selective estrogen receptor modulators with slightly different side effect profiles.
Although the data has been available for years, fewer women than expected have
chosen to start one of these medications. The side effect risks as compared to the rela-
tively low risk of breast cancer have discouraged many women from taking these
medications. Even so, women with a new diagnosis of atypical ductal hyperplasia
should have a discussion with a medical oncologist or other clinician who can review
the risk calculator and discuss the pros and cons of risk reduction therapy [24].
Ductal carcinoma in situ is currently treated with segmental mastectomy and radia-
tion therapy or if extensive with a mastectomy. There may be a subsegment of patients
who can just have local excision without radiation therapy. Since DCIS is considered a
high risk for the development of additional DCIS lesions or invasive cancer in the ipsi-
lateral and contralateral breast, these patients should be considered for discussions
about chemoprevention to reduce the risk of developing breast cancer. Trials have
shown risk reduction with endocrine therapies in DCIS is limited to women with
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estrogen receptor-positive DCIS [8]. Only patients with estrogen-positive disease
should be considered for endocrine-based chemoprevention. Patients who opt for bilat-
eral mastectomies have no significant residual breast tissue, so they are not candidates
for chemoprevention. Patients who have had a segmental mastectomy or have an intact
contralateral breast after unilateral mastectomy can be considered for either tamoxifen
or anastrozole. Tamoxifen has been the longest used drug for risk reduction. Two stud-
ies have demonstrated that aromatase inhibitors are slightly more effective than tamox-
ifen as a breast cancer risk reduction agent. The decision to use one or the other is based
on menopausal state and a discussion about side effects and tolerability.

Special Populations
Age

There are no upper age limits for administration of chemotherapy in early breast
cancer. Consideration for chemotherapy in the elderly requires careful discussion
regarding the risk of distant recurrence weighed against the benefit of locoregional
therapy only and the impact on the quality of life, the comorbidities and the perfor-
mance status. The patient who is more likely to die of comorbid conditions within a
few years should be spared the side effects of chemotherapy. Unfortunately elderly
patients have been underrepresented in clinical trials due to limitations on age and
comorbidities.

The aromatase inhibitors have a significant risk of arthralgias that in conjunction
with arthritis pain may compromise a patient’s quality of life and functional status.
Aromatase inhibitors also impact bone health, and a patient with significant osteopo-
rosis may need to be evaluated for alternative endocrine therapy. Risk of serious bone
fractures in the elderly can be more important than a low risk of cancer recurrence [1].

Pregnancy

Breast cancer occurs in about 1 out of 3000 pregnancies. Women are usually in their
early 30s. Diagnosis may be delayed or complicated by the pregnancy-induced
breast changes. Mastitis and inflammatory breast cancer can look very similar until
the inflammatory changes do not respond to antibiotics.

Radiology imaging is limited particularly in the first trimester. Ultrasound is the
preferred imaging modality and biopsies can be performed under ultrasound guid-
ance. Clinical exam is important, but it may be difficult in the pregnant breast. When
the diagnosis is made, the medical oncologist and the support team need to have an
informed discussion with the patient about the treatment choices. As with all patients,
the choices will be based in part on the breast cancer characteristics. It is important
to have an obstetrician with high-risk pregnancy training involved to help with deci-
sion making and support. Beyond the first trimester, women can receive chemother-
apy and maintain their pregnancy. Pregnant women should be referred for genetic
counseling since the results may impact future surgical and long-term decisions.
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Neoadjuvant chemotherapy can be safely given starting in the second trimester.
Anthracyclines and cyclophosphamide are the backbones of neoadjuvant therapy and
have not been shown to affect fetal development. Cardiac assessment is required due
to the risk of cardiomyopathy with both pregnancy and anthracyclines. There is less
data on the safety of taxanes and carboplatin on fetal development, but both have been
used. Methotrexate and endocrine therapy are absolutely contraindicated. White cell
growth factors have limited safety data. Of note, most pregnancy-associated breast
cancers are estrogen receptor negative. Limited data is available about the safety of
trastuzumab although at least one case report raises concerns about safety of the fetus
(changes reported in the amniotic fluid). The goal of any pregnancy is the delivery of
a healthy baby as close to term as possible. The obstetrician should monitor fetal
growth at regular intervals during the treatment. If changes occur, then discussions
timing of delivery will need to occur. Generally, the chemotherapy agents used during
pregnancy do not cause significant thrombocytopenia or anemia. The counts recover
quickly with the cessation of chemotherapy to make delivery safer.

With the use of neoadjuvant chemotherapy, women can continue a pregnancy to
term prior to surgery. Her surgical options will be the same as a nonpregnant patient
with the same stage. Since the baby will be delivered before surgery, she is able to
receive radiation therapy if required as part of her treatment. Hormonal-based ther-
apy, if appropriate, can be delayed until after delivery.

Pregnancy After Breast Cancer Treatment

Breast cancer is relatively uncommon in women of childbearing age, but women
who develop breast cancer prior to childbearing may desire pregnancy after treat-
ment for early breast cancer. Retrospective studies have not demonstrated an
increased risk of recurrent breast cancer if a woman chooses to become pregnant
after completing her cancer treatment. Women should not be on tamoxifen if they
wish to attempt pregnancy. There are no clear guidelines, but some physicians sug-
gest that patients wait a minimum of 2 years after treatment before attempting preg-
nancy. The remaining degree of risk for recurrence will vary widely based on the
phenotype and stage of the initial cancer, in conjunction with the time since initial
treatment. It is important for medical oncologists to help the patient understand the
degree of residual risk, but ultimately the decision to have another child must be
made by the individual woman.

Stage 4 or Metastatic Disease

Approximately 10% of US patients present with metastatic disease at the time of
diagnosis. A number of women will develop their metastatic disease following ini-
tial treatment for early-stage disease. Breast cancers recur over a wide range of
time, in some case up to 20 years after the initial diagnosis. A biopsy should be done
for any suspected recurrence. It is important to confirm if it is really a breast cancer
recurrence or a different cancer. Repeat biomarker studies should be performed to
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include the estrogen receptor, progesterone receptor and the Her2 expression.
Recurrent breast cancers may have changes in these profile markers that could
impact treatment decisions [20].

Treatment for recurrent cancer generally is more individualized than early-stage
disease. Clinical trials, if available, should be considered throughout the treatment pro-
cess. Endocrine therapies are generally the initial therapy for estrogen receptor-positive
patients. However, if there is significant visceral disease, then chemotherapy may be
considered first for a more rapid response to then be followed by endocrine therapy.
Endocrine therapies are now often combined with newer agents that target specific
growth pathways. Palbociclib, an inhibitor of cell proliferation, and everolimus [25], an
mTor inhibitor that works at the master switch of cell growth, are two examples of
newer agents that substantially improve disease-free progression when combined with
endocrine therapy. Multiple lines of these therapies can be employed until the cancer
becomes refractory to endocrine therapies which require switching to chemotherapy.

Patients with estrogen-negative recurrent cancers are ideal candidates for clinical
trials evaluating newer agents. If trials are not available, then single agent chemo-
therapy is preferred. Although doublets may have some limited use, they generally
have more toxicity. There are multiple drugs that may have some activity in recur-
rent breast cancer. The number of lines is dependent on performance status, prior
response to treatment, and patient desires. Generally as the line of chemotherapies
increases, the likelihood of a significant effect diminishes steadily.

Recurrent breast cancer is not generally considered curable. One exception is a
local recurrence in a previously treated breast or chest wall following mastectomy.
There may be some other situations of isolated metastasis that can be focally treated.
It is important for the clinician to discuss the goals of care and end-of-life decisions
with all patients but particularly those with metastatic disease. The discussions may
evolve as the disease evolves. Since recurrence is generally not curable, the patient
and their support system need to be involved in decisions regarding the balance of
treatment and its side effects versus quality of life versus chance to prolong life. It
is important for the patient not to feel abandoned when the decisions to stop antican-
cer therapies are made. Supportive care and palliative care services can provide
symptom management and help with the transition to hospice care.
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Ideal Candidate for Breast-Conserving Treatment

The ideal candidate for breast-conserving treatment is a patient with a unifocal, less
than 5 cm breast tumor resected with negative margins at least 2 mm margins for
DCIS. The tumor size should be relatively small in comparison to the breast size such
that a good postsurgical cosmetic outcome can be achieved. The ideal candidate would
be nonpregnant and absent of a history of scleroderma or lupus skin involvement.

Indications for Radiation

Local management decisions for DCIS are influenced by patient preference, patient
age, tumor size, tumor grade, and the ability of the resection to achieve both a nega-
tive surgical margin and acceptable cosmetic result. Pure DCIS is an in-breast con-
trol issue as it lacks the ability to metastasize and therefore has no bearing on overall
survival if properly managed. The addition of adjuvant radiation improves local
control for all subsets of DCIS patients treated with breast-conserving surgery with
no impact on overall survival. The decision to add postoperative radiotherapy is
principally a relative risk reduction of in-breast failure (recurrence in the treated
breast). Therefore, as the age of the presenting patient becomes younger and the
tumor features become more threatening, the risk of in-breast failure following
lumpectomy increases and the recommendation for postoperative radiotherapy
becomes stronger. General guidelines governing recommendations are as follows:
Omission of radiation should be considered as an appropriate option for those
women aged 60 and older who receive endocrine therapy; have a small (<2 cm),
low- or intermediate-grade, estrogen receptor-positive tumor resected with wide (>2
mm) surgical margins; and have a sufficiently small in-breast recurrence rate with-
out adjuvant radiotherapy, assuming the patient has been informed and accepts the
relatively small increase in disease recurrence. For those women presenting with
more significant features (who have estrogen-negative disease, who have estrogen-
positive disease but are not undergoing endocrine therapy, who are less than 60
years old and have tumors larger than 2 cm, grade 3 tumors, and/or tumors resected
with <2 mm margins), the risk of in-breast failure is sufficiently higher that postop-
erative radiotherapy is considered the standard of care and should be strongly con-
sidered. Postmastectomy radiation for DCIS is generally not indicated.

Benefit of Radiation

Adjuvant radiation significantly improves local control but does not affect breast
cancer-specific survival or overall survival.

Absolute Radiation Contraindications

Radiation therapy during pregnancy
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Relative Contraindications

Active scleroderma or lupus involving the skin, focally positive surgical margin,
close surgical margin (1 mm or less), known BRCA1/BRCA2 mutation, and previ-
ous radiation therapy to the breast or chest wall

Radiation Technique

Radiation may be given to the whole breast with standard fractionation (50 Gy in
25 fractions) or hypofractionation (42.56 Gy in 16 fractions). A boost is typically
recommended, but omission can be considered for patients aged 60 or older with
low volume disease resected with acceptable surgical margins. In appropriately
selected patients, radiation may be given to a partial-breast target with accelerated
partial-breast irradiation (APBI). Patient selection guidelines for APBI use with
DCIS are available from several societies [1-3]. APBI can be delivered with brachy-
therapy, 34 Gy in ten fractions given twice daily, or highly conformal external beam
irradiation, 38.5 Gy in ten fractions given twice daily.

Factors for Consideration

Patient age, patient life expectancy, comorbidities which may increase the risk of
complications, tumor size, margin width, tumor grade, tumor histology (i.e., com-
edonecrosis), hormone receptor status, cosmetic result, and patient expectations

Selected Studies
Mastectomy vs. Breast-Conserving Therapy

There are no DCIS randomized trials comparing mastectomy and breast-conserving
therapy (local resection plus radiation). The equivalency of mastectomy and breast-
conserving therapy in DCIS can be extrapolated from the rich invasive breast cancer
literature comparing these two modalities. Postmastectomy radiation for DCIS is
generally not indicated. Breast-conserving surgery followed by adjuvant radiation is
a standard-of-care option for the treatment for DCIS. Data supporting the recom-
mendation for postoperative radiation therapy comes from four randomized trials.
In sum, these trials showed that adjuvant whole-breast irradiation reduced ipsilat-
eral breast tumor recurrence by approximately 50% compared to observation; over-
all survival was not improved with radiation.

The National Surgical Adjuvant Breast and Bowel Project (NSABP) B-17 trial
randomized 818 patients with DCIS to lumpectomy plus adjuvant radiation or
lumpectomy alone [4, 5]. Patients were required to have negative surgical margins,
and radiation was delivered to the whole breast to a dose of 50 Gy in 25 fractions
without a boost. At a 15-year follow-up, radiation significantly reduced the rate of
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ipsilateral breast tumor recurrence from 35.0% in the lumpectomy alone group to
19.8% in the lumpectomy plus adjuvant radiation group (HR 0.48; P < 0.001). The
decrease in local recurrence was for both invasive and noninvasive recurrences.

The European Organization for Research and Treatment of Cancer (EORTC) pro-
duced similar results in their EORTC 10853 trial where they randomized 1010 patients
with DCIS to lumpectomy or lumpectomy plus radiation [6]. As in NSABP-B17,
patients were required to have clear surgical margins and a radiation dose of 50 Gy in
25 fractions was delivered to the whole breast. While a boost was not recommended,
5% of patients received a tumor bed boost. At 15 years, there was a significant reduc-
tion in local recurrences with the addition of radiation therapy, from 31% with lumpec-
tomy alone to 18% with lumpectomy plus radiation (HR 0.52; P < 0.001). Subgroup
analysis showed there was a benefit of radiation in all subgroups.

The SweDCIS Trial randomized 1067 patients with DCIS to lumpectomy or
lumpectomy plus radiation [7]. In this study, patients underwent sector resection which
required 1 cm gross surgical margins; microscopically clear margins were not required.
Although most patients received conventional radiation of 50 Gy in 25 fractions to the
whole breast, a split course of 54 Gy in 28 fractions with a mid-treatment 2-week break
was allowed. No boost was allowed. At 20-year follow-up, the ipsilateral breast event
cumulative risk was 20.0% in the radiation arm and 32.0% in the lumpectomy alone
arm (P < 0.001). Subgroup analysis showed that for patients with tumors 14 mm or
smaller with negative surgical margins, there was no statistical difference in breast
events between lumpectomy plus radiation and lumpectomy alone.

The UK Coordinating Committee on Cancer Research collaborated with
Australia and New Zealand to conduct the UK/ANZ DCIS trial which incorporated
a 2 x 2 factorial design to evaluate the benefit of the adjuvant radiation, tamoxifen,
or both to breast-conserving surgery [8]. After undergoing lumpectomy with nega-
tive margins, patients were randomized to observation, radiation alone, tamoxifen
alone, or radiation plus tamoxifen. Randomization was independently performed
for radiation and tamoxifen, or the surgeon selected one treatment modality with
randomization to the other modality. Radiation was given to the whole breast to a
dose of 50 Gy in 25 fractions without a boost. Tamoxifen was given 20 mg daily.
After 12.7-year median follow-up of 1071 patients, post-lumpectomy radiation
reduced all ipsilateral breast events from 19.4% in patients treated without radiation
to 7.1% in patients treated with radiation (HR 0.32; P < 0.0001). Radiation reduced
ipsilateral invasive disease and ipsilateral DCIS but had no effect on contralateral
breast events. The benefit of radiation was irrespective of tamoxifen use. Tamoxifen
reduced the incidence of recurrent ipsilateral DCIS and contralateral breast cancer
but did not have a significant effect on ipsilateral invasive disease.

At least two meta-analyses have established the role of adjuvant radiation in the
treatment of DCIS. In 2010, an Early Breast Cancer Trialists” Collaborative Group
(EBCTCG) meta-analysis of 3729 DCIS patients treated with breast-conserving
surgery showed that adjuvant radiation compared to observation provided a signifi-
cant reduction in 10-year ipsilateral breast events from 28.1% without radiation to
12.9% with radiation (p < 0.00001) [9]. The benefit was significant regardless of age
of the patient, extent of breast-conserving surgery, tamoxifen use, negative versus
positive margins, unifocal versus multifocal disease, nuclear grade, presence of
comedonecrosis, tumor architecture, or tumor size. The proportional benefit was
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greater in women aged 50 or older compared to women younger than age 50, but
otherwise did not differ with any other evaluable factors. Even for women with
small, low-grade tumors resected to negative margins, adjuvant radiation reduced
the 10-year risk of ipsilateral breast tumor recurrence from 30.1 to 12.1%.

A Cochrane Database review of the four randomized trials mentioned above con-
firmed a statistically significant benefit of the addition of adjuvant radiation therapy
on ipsilateral recurrent DCIS (HR 0.61; P = 0.03), ipsilateral recurrent invasive
cancer (HR 0.50; P =0.001), and all ipsilateral breast events (HR 0.49; P <0.00001)
[10]. On multivariate analysis, there were no subgroups which did not benefit from
the addition of radiation, regardless of completeness of excision, patient age, size of
the primary lesion, or the presence or absence of comedonecrosis.

Omission of Adjuvant Radiation in DCIS

Multiple studies have examined the safety of omission of radiation in subsets of DCIS
patients. Collectively, these studies show that adjuvant radiation significantly reduces
the risk of in-breast failure for all subsets of patients. However, for patients aged 60
and older who receive endocrine therapy and have a small (<2 cm), low- or interme-
diate-grade, estrogen receptor-positive tumor resected with wide (>2 mm) surgical
margins, the risk of in-breast recurrence may be sufficiently low that adjuvant radia-
tion may be avoided if the patient accepts the increased risk of recurrence.

The Van Nuys Prognostic Index uses tumor size, margin width, and pathologic clas-
sification as predictors of local recurrence of DCIS to create a score which predicts the
risk of local recurrence and the benefit of adjuvant radiation [11, 12]. The scores are
used to make treatment recommendations regarding surgery and radiation. The predic-
tors of local recurrence and index scores are based on regression analysis of nonran-
domized patient data contained in a prospective database from two institutions.

A single arm prospective trial by Harvard/Dana-Farber Institute evaluated 158
patients with predominantly low- or intermediate-grade DCIS mammographically
measuring <2.5 cm with surgical margins >1 cm [13]. Patients were treated with wide
local excision alone without adjuvant radiation or tamoxifen. The 10-year cumulative
local recurrence rate was 15.6%. Sixty-nine percent of local recurrences were DCIS
and 31% were invasive. The annual rate of local recurrence was 1.9% per patient year.

The Radiation Therapy Oncology Group (RTOG) 9804 study was a randomized
trial for patients with good-risk DCIS which compared postoperative radiation ther-
apy with observation alone [14]. Patients had low- or intermediate-grade DCIS
measuring less than 2.5 cm resected with margins >3 mm. The expected enrollment
on the trial was 1790 patients, but the trial closed early due to poor accrual after 636
patients. Tamoxifen, which was optional, was used by 62% of patients. The median
pathologic tumor size was 0.5 cm with the pathological margin being between
3-9 mm in 36% of patients and 10 mm or more in 16% of patients. Almost half
(48%) of patients underwent re-excision. The 7-year local failure rate was 0.9% in
the radiation arm versus 6.7% in the observation arm (HR 0.11; P < 0.001). There
was no difference in grade 3 or 4 toxicities between the two treatment arms.

Similarly, the Eastern Cooperative Oncology Group (ECOG) E-5194 trial pro-
spectively evaluated two cohorts of low-risk DCIS patients treated with wide local



118 T.C.Adams et al.

excision alone [15]. Cohort 1 included patients with low- or intermediate-grade
DCIS measuring <2.5 cm; cohort 2 included patients with high-grade DCIS mea-
suring <1 cm. A minimum 3 mm margin was required. At 12-year follow-up, the
ipsilateral breast event rate was 14.4% for cohort 1 and 24.6% for cohort 2.
Approximately half (52%) of recurrences were invasive. Although tumor size up to
2.5 cm and margin width as close as 3 mm were allowed, the median tumor size was
5 mm and the median margin width was 1 cm. Even in this favorable-risk popula-
tion, recurrence rates were significant without radiation.

Radiation Boost and Hypofractionation in DCIS

There are no randomized trials looking specifically at the role of a radiation boost in
DCIS patients treated with radiation. The recommendation for a radiation boost is
based on extrapolation from randomized trials of patients with low-risk early-stage
invasive breast cancer. Similarly, the recommendation for hypofractionation for
DCIS patients aged 50 or older is based on prospective randomized trials of patients
with early-stage invasive disease.

Invasive Breast Cancer: The Role of Adjuvant Radiation in Breast-
Conserving Therapy

Local Management Options

Breast-conserving surgery alone, breast-conserving surgery followed by partial-
breast irradiation, and breast-conserving surgery followed by whole-breast radio-
therapy (Figs. 5.1 and 5.2).

Ideal Candidate for Breast-Conserving Treatment

The ideal candidate for breast-conserving treatment is a patient with a unifocal, less
than 5 cm breast tumor resected with negative margins for invasive disease. The
tumor size should be relatively small in comparison to the breast size such that a
good postsurgical cosmetic outcome can be achieved. The ideal candidate would be
nonpregnant and absent a history of scleroderma or lupus skin involvement.

Indications for Radiation

Adjuvant radiation following breast-conserving surgery for invasive breast can-
cer improves local control, breast cancer-specific survival, and overall survival.
Adjuvant radiation is indicated for patients under the age of 70 who undergo
lumpectomy and for patients aged 70 or older who wish to maximize local con-
trol. Adjuvant radiation provides a local control benefit for all subgroups of
patients, including those aged 70 or older. The absolute local control benefit,
however, is less for patients aged 70 or older than for younger patients. Omission
of adjuvant radiation is an appropriate option in patients aged 70 or older who
will receive 5 years of endocrine therapy and who have small (T1), low- or inter-
mediate-grade, estrogen receptor-positive tumors resected with good margins
assuming the patient has been informed and accepts the relatively small increase
in disease recurrence.
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Fig.5.2 Skin rendering
view of a medial tangential
whole-breast radiation
treatment field

Benefit of Radiation
Adjuvant radiation following breast-conserving surgery for invasive breast cancer
improves local control, breast cancer-specific survival, and overall survival.

Absolute Contraindications
Radiation therapy during pregnancy

Relative Contraindications
Active scleroderma or lupus involving the skin, positive surgical margin, known
BRCA1/BRCA2 mutation, and previous radiation therapy to the breast
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Radiation Technique

Radiation may be given to the whole breast with standard fractionation (50 Gy in 25
fractions) or hypofractionation (42.56 Gy in 16 fractions). A boost is typically rec-
ommended, but omission can be considered for patients aged 60 or older with low
volume disease resected with acceptable surgical margins. In appropriately selected
patients, radiation may be given to the partial-breast target with accelerated partial-
breast irradiation (APBI). Patient selection guidelines for APBI use for invasive
disease are available from several societies [1-3]. APBI can be delivered with
brachytherapy, 34 Gy in ten fractions given twice daily, or highly conformal exter-
nal beam irradiation, 38.5 Gy in ten fractions given twice daily.

The addition of regional nodal irradiation is recommended for patients with one
or more pathologically positive lymph nodes evaluated at surgery or prior to neoad-
juvant chemotherapy. Regional nodal irradiation includes the undissected axilla,
supraclavicular-axillary apical nodes, and internal mammary nodes.

Factors for Consideration

Patient age, patient life expectancy, comorbidities which may increase the risk of
complications, tumor size, margin width, lymphovascular space invasion, number
of lymph nodes involved, volume of lymph node involvement, extranodal extension,
number of lymph nodes removed, tumor grade, tumor histology, hormone receptor
status, HER2/neu status, response to neoadjuvant chemotherapy, cosmetic result,
and patient expectations

Selected Studies

Mastectomy vs. Breast-Conserving Therapy for Invasive
Breast Cancer

Randomized trials have established that breast-conserving surgery followed by radi-
ation therapy is equivalent to mastectomy for appropriately selected patients with
early-stage breast cancer. In all of these trials, segmental mastectomy combined
with breast irradiation resulted in survival and local control rates similar to those
achieved by modified radical or radical mastectomy.

In 1973 Veronesi et al. began a prospective trial in Milan comparing radical mas-
tectomy to breast-conserving surgery followed by radiation [16]. The study enrolled
701 patients with no palpable axillary lymph nodes and tumors up to 2 cm in diam-
eter. Patients were randomly assigned to receive Halsted radical mastectomy, or
quadrantectomy, axillary dissection, and radiation. A radiation dose of 50 Gy given
over 5 weeks was delivered to the breast followed by a boost dose of 10 Gy. Patients
found to have positive axillary lymph nodes at surgery received 12 cycles of adju-
vant cyclophosphamide, methotrexate, and fluorouracil. The 20-year mortality rate
from all causes was 41.2% in the radical-mastectomy arm and 41.7% in the breast-
conserving surgery plus radiation arm (P = 1.0). Mortality from breast cancer was
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not significantly different, at 24.3 and 26.1%, respectively (P = 0.8). The cumulative
incidence of local failure was 2.3% in the mastectomy group and 8.8% in the breast-
conserving surgery and radiation group (P < 0.001). There was no difference
between the groups in the incidence of contralateral breast cancer, distant metasta-
ses, or second primary cancers.

The National Surgical Adjuvant Breast and Bowel Project (NSABP) initiated the
NSABP B-06 trial in the United States in 1976 which enrolled 1843 women with
clinical stage I or II breast cancer [17]. Patients were randomly assigned to treat-
ment with total mastectomy, lumpectomy, or lumpectomy with radiation. The pre-
scribed radiation dose was 50 Gy to the breast without a lumpectomy cavity boost.
At 20-year follow-up, there was no significant difference in overall survival, disease-
free survival, or distant disease-free survival among any of the groups. However, the
addition of radiation to lumpectomy significantly decreased the local recurrence
rate by half compared to lumpectomy alone with the cumulative ipsilateral breast
recurrence being 14.3% in the lumpectomy and radiation group and 39.2% in the
lumpectomy alone group (P < 0.001).

EORTC 10801 was a randomized trial which compared mastectomy to breast-
conserving therapy in 868 women with stage I and II breast cancer [18]. The
European Organization for Research and Treatment of Cancer (EORTC) conducted
the trial in the United Kingdom, the Netherlands, Belgium, and South Africa and
initiated enrollment in 1980. Patients were randomized to modified radical mastec-
tomy or breast-conserving therapy. Breast-conserving therapy consisted of lumpec-
tomy with a 1 cm margin, axillary dissection, and whole-breast irradiation prescribed
to 50 Gy with a 25 Gy lumpectomy site boost. At 20-year follow-up, the mortality
rate was 55% in the modified radical mastectomy group and 61% in the breast-
conserving therapy group, with no significant difference in time to death (HR 1.11;
p =0.23). There was also no significant difference in time to distant metastases (HR
1.13; P = 0.23) with a distant metastasis rate of 42% in the modified radical mastec-
tomy group and 46% in the breast-conserving therapy group. Time to distant metas-
tases and overall survival were stratified by age less than 50 versus age greater than
or equal to 50, and there was no difference between treatment groups. The 15-year
overall survival rate was 53.6% in the mastectomy group and 51.6% in the breast-
conserving therapy group.

The Institut Gustave Roussy conducted a prospective trial in which 179 patients
under age 70 with T1 NO-N1 MO invasive breast cancer were randomized to modi-
fied radical mastectomy or wide lumpectomy, axillary surgery, and adjuvant radia-
tion [19, 20]. Eligible patients had tumors macroscopically measuring 2 cm or less
on frozen section at the time of surgery. Lymph node-negative patients received a
whole-breast irradiation dose of 45 Gy given in 18 fractions with a 15 Gy tumor bed
boost. Patients with positive lymph nodes received whole-breast irradiation and
were randomized to radiation treatment of the regional lymph nodes. The 15-year
rates of local recurrence, locoregional recurrence, contralateral breast cancer, dis-
tant metastases, and overall survival were not statistically different between surgical
treatment arms and radiation treatment arms. The 15-year cumulative local
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recurrence rate was 13% in the lumpectomy and radiation group and 18% in the
mastectomy group (P = 0.48). The 15-year rate of any first event was 45% with
lumpectomy and radiation and 56% with mastectomy (P = 0.23) with 15-year over-
all death rates of 27 and 35%, respectively (P = 0.19).

Radiation vs. Hormonal Therapy

There have been at least nine clinical trials evaluating endocrine therapy as a substi-
tute for radiation. All trials have shown that radiation therapy alone provides
improved local control compared to endocrine therapy alone.

Radiation vs. Observation

There have been a number of randomized trials investigating the local control ben-
efit of the addition of postoperative radiation to breast-conserving surgery. In these
studies, the addition of postoperative radiation reduced the risk of local recurrence
by 50% or more compared to breast-conserving surgery alone. These studies sup-
port the role of adjuvant radiation as part of standard-of-care treatment for younger
women who select breast-conserving treatment.

Beginning in 1981, the Uppsala-Orebro Breast Cancer Study conducted a ran-
domized trial of breast-conserving surgery with or without radiation in 381 Swedish
women with stage | breast cancer [21]. Patients were treated with sector resection
and axillary dissection and then randomized adjuvant breast irradiation to 54 Gy or
observation. At 5 years, the local recurrence rate was 2.3% in the group that received
adjuvant radiation versus 18.4% in the group in which radiation was omitted.
Overall survival, regional recurrence-free survival, and distant recurrence-free sur-
vival were not different between groups.

As discussed above, NSABP B-06 compared total mastectomy, lumpectomy
alone, and lumpectomy plus radiation in 1851 women with clinical stage I and II
breast cancer. In 1137 women with negative surgical margins, the 20-year cumu-
lative incidence of ipsilateral breast tumor recurrence was 39.2% in the lumpec-
tomy alone group compared to 14.3% in the lumpectomy plus radiation group (p
< 0.0001) [17]. For women with negative lymph nodes, the 20-year ipsilateral
breast tumor recurrence rates were 36.2% with lumpectomy alone and 17.0% with
lumpectomy plus radiation; for women with positive lymph nodes, the ipsilateral
breast tumor recurrence rates were 44.2% without radiation versus 8.8% with
radiation. Disease-free survival, distant disease-free survival, and overall survival
did not differ between any of the groups. Breast cancer-specific mortality was
decreased in patients treated with lumpectomy plus radiation compared to lumpec-
tomy alone (HR 0.82, P = 0.04). This marginally significant decrease in breast
cancer mortality may have been partially offset by deaths from other causes (HR
1.23; P =0.23).
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Because of the uncertainty regarding the need for radiation in women with favor-
able risk factors, the NSABP initiated NSAPB B-21 which enrolled 1009 women
with tumors clinically or pathologically <1 cm in size who were treated with
lumpectomy and axillary dissection [22]. Patients were required to have negative
lymph nodes and negative margins on pathology review. Patients were randomized
to tamoxifen only, radiation and placebo, or radiation and tamoxifen. At 8 years, the
cumulative incidence of local relapse was 16.5% in the tamoxifen alone group,
9.3% in the radiation and placebo group, and 2.8% in the radiation and tamoxifen
group. The respective hazard ratios for ipsilateral breast tumor recurrence were HR
0.51 (P = 0.008) for radiation plus placebo versus tamoxifen alone, HR 0.37 (P =
0.01) for radiation plus tamoxifen versus radiation plus placebo, and HR 0.19 (P <
0.0001) for radiation plus tamoxifen versus tamoxifen alone. Tamoxifen decreased
the occurrence of contralateral breast cancer compared to radiation plus placebo
(HR 0.45; P = 0.039). There was no difference in overall survival or distant metas-
tases between groups.

Veronesi et al. at the Milan National Cancer Institute also investigated the effi-
cacy of breast-conserving surgery without radiation in a study where 579 women
under the age of 70 with breast cancer less than 2.5 cm in size were randomized to
quadrantectomy, axillary dissection, and radiation, or the same surgery without
radiation [23]. The 10-year crude ipsilateral breast tumor recurrence rate was 23.5%
for patients treated without radiation and 5.8% for patients who received radiation.
The cumulative hazard rate for ipsilateral recurrence was significant (P < 0.001).
Overall survival was not statistically different between the treatment arms; however,
on subset analysis, patients with node-positive disease had improved survival with
radiation (P = 0.038) with a crude mortality rate of 34.1% in the radiation omission
group versus 19.1% for group who received radiation. Subset analysis also showed
that the group which radiation provided the greatest decrease in ipsilateral recur-
rence was patients aged 45 and younger. In older age groups, the difference in ipsi-
lateral recurrence tended decrease until no difference was seen after age 65.

Meta-analyses of Radiation in Breast-Conserving Therapy

Two comprehensive meta-analyses of the benefit of postoperative radiation added to
breast-conserving surgery suggest that adjuvant radiation significantly decreases
local recurrence, breast cancer mortality, and overall mortality.

In 2005, the Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) pub-
lished a meta-analysis of individual patient data from 7311 patients with invasive
breast cancer treated on clinical trials comparing breast-conserving surgery with radi-
ation to breast-conserving surgery without radiation [24]. The meta-analysis showed
that radiation significantly improved 15-year local recurrence and 15-year breast can-
cer-specific survival compared to no radiation and radiation significantly improved
15-year overall mortality by 5.3% (35.2 versus 40.5%). The analysis also showed
three-fourths of breast recurrences occurred in the first 5 years following treatment.
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The Early Breast Cancer Trialists’ Collaborative Group updated the meta-
analysis in 2011 to include individual data on 10,801 patients treated on 17 random-
ized trials comparing adjuvant radiation versus observation after breast-conserving
surgery [25]. The update showed that compared to observation, adjuvant radiation
significantly decreased the 10-year risk of any first recurrence from 35.0 to 19.3%
(RR 0.52). Radiation also significantly reduced the 10-year risk of breast cancer
mortality from 25.2 to 21.4% (RR 0.82) and significantly decreased the 15-year risk
of overall mortality from 37.6 versus 34.6% (RR 0.92). For women with node-
positive disease, the benefits of radiation were even greater with radiation reducing
the 10-year risk of any first recurrence from 63.7 to 42.5% and improving the
15-year risk of breast cancer mortality from 51.3 to 42.8%.

Omission of Radiation in Older Patients

Lumpectomy followed by radiation is a standard of care option for the majority of
women with early-stage invasive breast cancer. As observed in randomized trials,
lumpectomy without radiation results in increased local relapse. However, trials exam-
ining the omission of radiation found that in elderly women, local relapse rates were
lower and radiation provided a lower absolute local control benefit without improving
overall survival. The question of whether radiation can be safely eliminated following
breast-conserving therapy for elderly patients has been studied with retrospective and
prospective studies which are reviewed below. In sum, these studies show adjuvant
radiation improves local control for older women with favorable-risk disease without
improving overall survival. For patients aged 70 or older who will receive 5 years of
endocrine therapy and who have small (T1), low- or intermediate-grade, estrogen
receptor-positive tumors resected with good margins, the risk of disease recurrence
may be acceptably low such that adjuvant radiation may be omitted if the patient
accepts the increased risk of recurrence associated with radiation omission.

CALGB (Cancer and Leukemia Group B) 9343 was a trial which evaluated the
effect of radiation omission in older patients with favorable-risk breast cancer [26].
The trial evaluated 636 women aged 70 or older with clinically node-negative,
estrogen receptor-positive breast cancer measuring 2 cm or less who were treated
with lumpectomy with negative pathological margins. Axillary dissection was per-
missible but not required. Patients were randomized to receive tamoxifen 20 mg for
5 years plus whole-breast irradiation with a boost or tamoxifen alone for 5 years.
With a median follow-up of 12.6 years, the 10-year rate of locoregional recurrence
was 10% in the tamoxifen alone arm versus 2% in the tamoxifen plus radiation arm
(HR 0.18; p < 0.001). The published study did not analyze pathologic tumor size or
margin width. Overall survival at 10 years was 67% in the tamoxifen plus radiation
group and 66% in the tamoxifen alone group. Overall survival, breast cancer-
specific survival, time to mastectomy, and time to distant metastasis were not statis-
tically different between groups.

Fyles et al. performed a trial in Canada which enrolled 769 women aged 50 or
older with node-negative invasive breast cancer and tumor size of 5 cm or less on
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pathologic review [27]. Patients were treated with breast-conserving surgery with
negative pathologic margins and then randomized to whole-breast irradiation plus
tamoxifen 20 mg for 5 years or tamoxifen alone. Most patients were aged 60 or
older, most tumors were less than 2 cm, and more than 80% of tumors were hor-
mone receptor positive. The 5-year rate of local recurrence was 0.6% for patients
receiving radiation plus tamoxifen and 7.7% for patients receiving tamoxifen alone
(HR 8.3; P < 0.001). The 5-year disease-free survival rates were 91% for patients
receiving radiation and tamoxifen versus 84% for patients receiving tamoxifen
alone (P = 0.004). In a planned subset analysis of women with the most favorable-
risk disease, the 5-year rate of local recurrence of women with estrogen receptor-
positive tumors measuring 2 cm or less was 0.5% for patients receiving radiation
and tamoxifen and 5.9% for patients receiving tamoxifen alone (P < 0.001). The
5-year rate of axillary recurrence was also less with radiation versus no radiation
(0.5 versus 2.5% (P = 0.049), respectively). Overall survival and distant recurrence
rates were not statistically different between groups.

The most recent study evaluating the role of radiation omission in patients with
low-risk invasive breast cancer is the PRIME II which enrolled 1326 women in the
United Kingdom, Greece, Australia, and Serbia from 2003 to 2009 [28]. All women
were 65 years or older and had low-risk disease defined as node-negative, hormone
receptor-positive breast cancer measuring 3 cm or less. The study allowed for
tumors with lymphovascular invasion or nuclear grade 3 histology, but not both.
Following surgical axillary staging and breast-conserving surgery with pathologic
margins of 1 mm or more, patients were randomized to receive endocrine therapy
and whole-breast irradiation with a boost or endocrine therapy alone. The 5-year
rate of ipsilateral breast tumor recurrence was 4.1% in the endocrine therapy alone
arm and 1.3% in the endocrine therapy plus radiation arm. The hazard ratio for ipsi-
lateral breast tumor recurrence for the endocrine therapy alone arm was 5.19 (P =
0.0007). Five-year overall survival was 93.9% in both treatment arms. Regional
recurrence, distant metastases, contralateral breast cancers, and new breast cancers
were not significantly different between groups. Analysis of patient characteristics
showed 88% of patients had tumors 2 cm or smaller with roughly 40% of tumors
measuring 1 cm or less. In more than half of patients, the surgical margin was either
greater than 5 mm or re-excision was performed. Ninety percent of patients had
estrogen receptor-rich tumors, and more than 95% of patients had tumors of low or
intermediate grade.

Collectively these studies suggest the local control benefit of adjuvant radiation
for elderly patients with low-risk features is statistically significant, but the absolute
value may be relatively small. Adjuvant radiation for this subgroup of patients has
not been shown to improve overall survival or distant metastasis-free survival. The
decision to give radiation to these patients must weigh improvement in local recur-
rence against the overall risk of disease recurrence and the risk of radiation treat-
ment side effects. Patient longevity must also be considered because the cumulative
risk of disease recurrence increases over time so patients with a long life expectancy
will experience a higher risk of disease recurrence than patients with a shorter life
expectancy.
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Regional Nodal Irradiation in Breast-Conserving Therapy

Whole-breast irradiation often includes treatment of level 1 and part of level 2 axillary
lymph nodes. The addition of regional nodal irradiation expands the treated nodal
basins to include level 3 axillary nodes, supraclavicular nodes, and internal mammary
nodes. The addition of regional nodal radiation to whole-breast radiation typically
occurs when encountering positive axillary lymph nodes and its role in breast-con-
serving treatment has historically been extrapolated from trials evaluating locore-
gional radiotherapy in the postmastectomy setting. Two recently published randomized
trials have explored the benefit of regional nodal radiotherapy in the setting of breast
conservation and whole-breast radiotherapy. Although the results are supportive of a
benefit of regional nodal irradiation in high-risk or node-positive patients, the relative
benefit is small and the trials have generated discussion regarding how to best identify
those patients who will receive a meaningful benefit from added therapy in both the
breast conservation and postmastectomy scenarios. The NCIC (National Cancer
Institute of Canada) Clinical Trials Group MA.20 trial evaluated the benefit of regional
nodal irradiation in node-positive or high-risk early-stage invasive breast cancer
patients treated with breast-conserving surgery and adjuvant chemotherapy [29].
Eligible patients underwent breast-conserving surgery and axillary staging with sen-
tinel lymph node biopsy or axillary dissection. Patients were required to have positive
axillary nodes on pathologic review or have a pathologically negative axilla, but have
high-risk features. High-risk features included a primary breast tumor measuring at
least 5 cm, or a breast tumor measuring at least 2 cm with fewer than ten axillary
nodes removed and at least one of the following: estrogen receptor negativity, grade 3
histology, or lymphovascular invasion. Following surgery, patients received adjuvant
chemotherapy, endocrine therapy, or both. The study enrolled 1832 eligible patients
who were randomized to adjuvant whole-breast irradiation (control arm) or adjuvant
whole-breast and regional nodal irradiation which included treatment of the internal
mammary, supraclavicular, and axillary lymph nodes. The radiation dose was 50 Gy
given over 25 fractions. Ninety-nine percent of patients had T1 or T2 disease and 75%
of patients had estrogen receptor-positive tumors. Two-thirds of patients had ten or
more axillary lymph nodes removed. Half of patients had one pathologically positive
node, and three-fourths of patients had one or two positive nodes. At 10 years of fol-
low-up, the primary outcome of overall survival was not statistically different between
groups, 81.8% in the whole-breast irradiation group and 82.8% in the whole-breast
and regional nodal irradiation group (HR 0.91; P = 0.38). Disease-free survival was
improved with regional nodal irradiation compared to whole-breast irradiation (82
versus 77%; HR 0.76; P = 0.01). Regional nodal irradiation also improved 10-year
isolated locoregional disease-free survival compared to whole-breast-only irradiation
(95.2 versus 92.2%; HR 0.59; P = 0.009) and 10-year distant disease-free survival
(86.3 versus 82.4%; HR 0.76; P = 0.03). Breast cancer-specific mortality did not dif-
fer statistically between groups. On preplanned subgroup analysis of patients with
estrogen receptor-negative disease, regional nodal irradiation improved 10-year
overall survival compared to whole-breast-only irradiation (81.3 versus 73.9%; HR
0.69; P = 0.05).
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The European Organization for Research and Treatment of Cancer (EORTC)
22922/10925 trial enrolled 4004 women in 13 countries to evaluate the survival ben-
efit of elective internal mammary and medial supraclavicular irradiation in patients
with stage I, II, or III invasive breast cancer [30]. Patients were eligible if their pri-
mary breast tumor was centrally or medially located, with or without axillary nodal
involvement, or if the primary breast tumor was externally located with axillary
nodal involvement. Following mastectomy or breast-conserving surgery, patients
were randomized to elective radiation to the internal mammary and medial supracla-
vicular nodal basins or no radiation treatment to these nodal basins. Most patients
(76%) underwent breast-conserving surgery followed by whole-breast irradiation,
and 85% received a tumor bed boost. A minority of patients (24%) underwent mas-
tectomy of which approximately three-fourths received chest wall irradiation.
Systemic therapy was given to almost all node-positive patients (99%) and to two-
thirds of node-negative patients. The axillary disease burden was low in most patients
with 44.5% of patients having no pathologically involved lymph nodes and 43% of
patients having 1-3 pathologically involved nodes. Sixty percent of patients had a
primary breast tumor 2 cm or smaller, and 36% of patients had a primary breast
tumor measuring 2-5 cm. The median patient age was 54. Ten-year overall survival
was borderline statistically different between groups, with an 82.3% overall survival
rate in the elective nodal irradiation group and 80.7% in the group without elective
nodal irradiation (HR 0.87; P = 0.06). Elective nodal radiation improved 10-year
breast cancer mortality from 14.4 to 12.5% (HR 0.082; P = 0.02) and improved
10-year disease-free survival from 69.1 to 72.1% (HR 0.89; P = 0.04). Distant dis-
ease-free survival was also higher in the elective nodal irradiation group compared to
no elective irradiation, 78 versus 75%, respectively (HR 0.86; P = 0.02).

Radiation Boost

A radiation boost is a short course of focused tumor bed irradiation additional to
whole-breast irradiation. Studies have shown that a tumor bed boost improves local
control, especially in younger patients.

The EORTC boost trial was a multicenter trial which examined the benefit of a
lumpectomy cavity boost in 2657 patients with early-stage breast cancer [31]. Patients
were eligible if they were age 70 or younger and had T1-T2 NO-1 MO invasive breast
cancer. Patients underwent axillary dissection and local excision of the primary breast
tumor with a 1-2 cm margin. Patients with microscopically negative margins under-
went whole-breast irradiation of 50 Gy over 5 weeks and were then randomized to a
16 Gy boost to the tumor bed or no boost. Overall survival at 20 years was not statisti-
cally different between groups with survival at 59.7% in the boost group compared to
61.1% in the no boost group (HR 1.05; P = 0.323). The boost group had decreased
local recurrence as the first treatment failure compared to the no boost group (9 versus
13%) (HR 0.65; P < 0.001). Twenty-year ipsilateral breast tumor recurrence was
12.0% in the boost group compared to 16.4% in the no boost group. At 20 years, a
higher rate of severe fibrosis was seen in the boost group compared to the no boost
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group, 5.2 versus 1.8% (P < 0.0001). The absolute reduction in local recurrence pro-
vided by a boost was greatest in younger patients and progressively decreased in older
subgroups of patients. For example, the boost decreased 20-year local recurrence in
patients younger than age 40 from 36.0 to 24.4%, while in patients older than age 60,
local recurrence decreased from 12.7 to 9.7%.

The Lyon Breast Cancer Trial also investigated the role of a tumor bed boost. The
study enrolled 1024 patients less than 70 years of age with invasive ductal carci-
noma measuring up to 3 cm [32]. All patients underwent breast-conserving surgery
with negative pathologic margins followed by whole-breast irradiation of 50 Gy in
20 fractions. Patients were randomized to a 10 Gy boost to the tumor bed or no
further treatment. With a median follow-up of 3.3 years, the 5-year rate of local
recurrence was 3.6% in the patients who received a boost versus 4.5% in the patients
who received no boost (P = 0.044). Although the rate of grade 1 or 2 telangiectasia
was higher in the boost group (12.4 versus 5.9%), patient-reported assessment of
cosmetic result was not different between treatment groups.

Hypofractionation

Traditionally, patients treated with whole-breast irradiation received 25-28 daily
fractions (treatments) given at a dose of 1.8-2 Gy per day, potentially followed by a
boost. Hypofractionation is treating patients with a fewer number of fractions than
would traditionally take place usually with goal of reducing overall treatment dura-
tion. Hypofractionation typically involves giving patients a higher daily dose of
radiation than one would receive with traditionally fractionated treatment.
Hypofractionated treatment in breast cancer has reduced the number of whole-
breast treatments from 25 to 28 fractions potentially followed by a boost to 15 or 16
fractions +/- a boost. This reduces treatment duration from 5-7 to 3—4 weeks.

The validity of hypofractionated whole-breast radiation treatment was estab-
lished by three large randomized trials comparing hypofractionated to convention-
ally fractionated treatment. These trials suggest hypofractionated treatment provides
equivalent local control and toxicity compared to traditionally fractioned treatment
in appropriately selected patients.

The Ontario Clinical Oncology Group’s hypofractionation trial was a multicenter
trial in Canada which enrolled patients from April 1993 to September 1996 [29].
The trial included 1230 women with pathologically node-negative invasive breast
cancer treated with lumpectomy. Patients were excluded if they had a tumor larger
than 5 cm, clinical T4 disease, or breast width greater than 25 cm. Patients were
randomized to whole-breast irradiation of 42.5 Gy in 16 fractions over 22 days or
50 Gy in 25 fractions over 35 days. Ten-year local recurrence was not significantly
different between groups (6.2% in the 42.6 Gy group and 6.7% in the 50 Gy group).
Ten-year overall survival was the same between groups (84%).

The START-A and START-B trials were multicenter hypofractionation trials
which ran concurrently in the United Kingdom between 1999 and 2002 [33].
Eligible patients had pT1-T3a pNO-N1 MO invasive breast cancer treated with
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breast-conserving surgery or mastectomy. The majority of patients received tamoxi-
fen and/or chemotherapy.

The START-A trial randomized 2236 patients to three different radiation treat-
ment schedules, all given over 5 weeks: 39 Gy in 13 fractions, 41.6 Gy in 13 frac-
tions, or 50 Gy in 25 fractions (control group) [33]. A sequential tumor bed boost
was allowed as was treatment of the regional lymph nodes if lymph nodes were
positive. Eighty-five percent of patients received breast-conserving surgery and
61% received a tumor bed boost; 29% of patients had positive lymph nodes and
14% received locoregional irradiation. At a median follow-up of 9.3 years, the
10-year rate of locoregional relapse did not differ statistically between the 41.6 and
50 Gy groups (6.3 versus 7.4%, respectively; HR 0.91; P = 0.65) or between the 39
and 50 Gy groups (8.8 versus 7.4%, respectively; HR 1.18; P = 0.41).

The START-B hypofractionation trial enrolled patients concurrently with the
START-A trial. Similar to the START-A trial, eligible patients on START-B were women
who had pT1-T3a pNO-N1 MO invasive breast cancer treated with breast-conserving
surgery or mastectomy [33]. A majority of patients received tamoxifen and/or chemo-
therapy. The START-B trial randomized 2215 patients to two different radiation treat-
ment schedules with differing durations of treatment: 40 Gy in 15 fractions over 3 weeks
(experimental group) or 50 Gy in 25 fractions over 5 weeks (control group). A sequen-
tial tumor bed boost was allowed. Ninety-two percent of patients received breast-con-
serving surgery and 43% received a tumor bed boost; 23% of patients had positive
lymph nodes but only 7% underwent locoregional irradiation. At a median follow-up of
9.9 years, the 10-year rate of locoregional relapse was not significantly different between
the 40 Gy group and the 50 Gy group (4.3 versus 5.5%; HR 0.65; P =0.21).

In START-A trial, there was significantly less breast edema, telangiectasias, and
moderate or marked breast induration in the 39 Gy group compared to the 50 Gy
group; there was no significant difference in toxicity between the 41.6 and 50 Gy
groups. In START-B, there was significantly less breast edema, breast shrinkage,
and telangiectasia development in the 40 Gy group compared to the 50 Gy group.

In 2011, the American Society for Radiation Oncology issued an evidence-based
guideline for fractionation for whole-breast irradiation [34]. The guideline stated
that for patients aged 50 or older with pT1-T2 pNO breast cancer treated with breast-
conserving surgery without adjuvant chemotherapy, hypofractionated whole-breast
irradiation provides equivalent local control and toxicity compared to conventional
fractionated whole-breast irradiation. When using hypofractionation, they recom-
mended the radiation dose along the central axis of the breast deviate no more or
less than 7% from the prescription dose. The task force behind the guideline favored
giving hypofractionated radiotherapy using a dose schedule of 42.5 Gy in 16 frac-
tions when a boost is not used. There was no consensus regarding the use of a tumor
bed boost with hypofractionation. Additionally, the task force recommended the
heart should be excluded from the primary treatment fields when hypofractionated
whole-breast radiation is used due to the uncertainty regarding late effects of hypo-
fractionation on cardiac function.

In 2014, the American Society for Radiation Oncology, as part of its Choosing
Wisely campaign, recommended that in women who are aged 50 years or older
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with early-stage invasive breast cancer, whole-breast irradiation following
breast-conserving surgery should not be given without consideration of shorter
treatment schedules [35].

Accelerated Partial-Breast Irradiation

The previous sections have covered the literature supporting adjuvant whole-breast
irradiation therapy as part of standard of care treatment after breast-conserving sur-
gery, with hypofractionation shown to be a reasonable alternative to conventional
fractionation in appropriately selected patients. However, whole-breast radiation
therapy may be overtreating a significant volume of uninvolved breast tissue, and
many hypothesize that this treatment of uninvolved tissue may be responsible for
some of the acute and chronic toxicity associated with breast-conserving therapy.
Accelerated partial-breast irradiation (APBI) has been investigated as a possible
alternative to whole-breast radiation therapy for select patients with DCIS or low-
risk invasive breast cancer [36]. The rationale behind APBI is that the majority of
breast relapses occur within or near the tumor bed. Pathological studies from mas-
tectomy specimens have demonstrated a lower probability of subclinical micro-
scopic disease with increasing distance from the primary tumor [16, 36—40]. APBI
targets only the surgical bed and a limited volume of normal tissue surrounding the
surgical bed (Figs. 5.3 and 5.4). The accelerated treatment schedule reduces the
overall radiation treatment duration to 1 week or less, which is more feasible for
women with difficulty traveling to a radiation treatment center or women may not
want to commit to the longer treatment duration associated with conventional or

Fig. 5.3 External view of
a multicatheter interstitial
brachytherapy accelerated
partial-breast irradiation
treatment
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Fig. 5.4 Axial view, skin-rendering view, coronal view, and sagittal view of an intracavitary
brachytherapy accelerated partial-breast irradiation treatment

hypofractionated whole-breast radiation. The advantages of APBI extend beyond
convenience. APBI limits radiation exposure to only the part of the breast surround-
ing the tumor bed and can effectively minimize dose to the lungs, heart, chest wall,
ribs, and normal breast or nodal tissue. APBI may also reduce certain radiation
treatment-related toxicities, which may improve overall quality of life [41].

Historically, the first utilized APBI technique was multicatheter interstitial
brachytherapy, which was primarily used as a boost technique after whole-breast
irradiation [42, 43]. This technique involves the use of multiple catheters that are
generally positioned at 1.0-1.5 cm intervals. The total number of catheters and
planes employed is dependent on the size, extent, and shape of the tumor cavity.
Multiple studies utilizing this technique have established multicatheter interstitial
brachytherapy as an acceptable treatment option for appropriately selected patients
[44—46]. Among partial-breast irradiation techniques, this technique has the longest
patient follow-up, allowing for more accurate outcome analyses. However, it is both
complex and technically challenging, limiting its widespread use.

Starting in 1998, the Hungarian National Institute of Oncology performed a pro-
spective trial which enrolled 258 women with pT1 pNO-1mic, grade 1-2, non-lobular
breast cancer resected with negative margins and randomized participants to con-
ventionally fractionated whole-breast irradiation to 50 Gy in 2 Gy fractions (n =
130) or partial-breast irradiation. Partial-breast irradiation was delivered with HDR
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interstitial brachytherapy to a dose of 36.4 Gy given over seven twice-daily fractions
of 5.2 Gy (n = 88) or electrons to a dose of 50 Gy in 2 Gy fractions (n = 40) [1]. With
10 years of follow-up, there was no statistical difference in local recurrence between
whole-breast irradiation group and the partial-breast irradiation groups (5.9 vs. 5.1%,
respectively; p = 0.77). Overall survival, disease-free survival, and cause-specific
survival did differ between treatment arms. However, there was an improved good-
excellent cosmetic outcome with partial-breast irradiation techniques.

From 2004 to 2009, the Groupe European de Curietherapie—European Society
of Therapeutic Radiology and Oncology (GEC-ESTRO) conducted a multi-
institutional, multinational, phase III, non-inferiority trial which randomized 1184
early-stage breast cancer patients to whole-breast irradiation or accelerated partial-
breast irradiation using multicatheter interstitial brachytherapy [47]. Eligible
patients had unifocal and unicentric stage 0, I, or Ila breast cancer (lesions <3 cm,
pNO or N1mi) treated with breast-conserving surgery with at least 2 mm margins.
Whole-breast irradiation (n = 551) was prescribed to a dose of 50-50.4 Gy given in
1.8-2 Gy fractions followed by a 10 Gy boost. Accelerated partial-breast irradiation
using a multicatheter interstitial technique was delivered using twice-daily high-
dose rate brachytherapy to a dose of 32.0 Gy given in 8 fractions (8 x 4.0 Gy) or
30.3 Gy in 7 fractions (7 x 4.3 Gy), or pulsed-dose rate brachytherapy to a dose of
50 Gy with pulses of 0.60-0.80 Gy/h (1 pulse per hour, 24 h/day). The 5-year rate
of local recurrence was 0.9% for the whole-breast irradiation group and 1.4% for
the accelerated partial-breast irradiation group (p = 0.42) with the accelerated
partial-breast technique being statistically non-inferior to whole-breast irradiation
at 5 years. There was also no difference in the 5-year rates of grade 2-3 late skin
side effects, grade 2—3 subcutaneous tissue late side effects, or grade 3 fibrosis. No
patients experienced grade 4 toxicity.

Intracavitary brachytherapy is a less complex partial-breast technique with
increased reproducibility. It has become the most widely used brachytherapy tech-
nique for APBI. The technique employs a single-balloon catheter introduced into the
lumpectomy site either at the time of lumpectomy or percutaneously after surgery
(Fig. 5.5). The catheter is located centrally within a distal balloon which is inflated
after the catheter is placed in the lumpectomy cavity. Correct placement requires
symmetry of the balloon, conformance of the balloon surface to the lumpectomy
cavity, and a minimum distance between the surface of the balloon and skin of
>5 mm (ideally >7 mm). Like the multicatheter technique, treatment is frequently
delivered via an HDR remote afterloading system to a circumferential 1 cm distance
from the balloon surface.

External beam APBI represents a noninvasive alternative with multiple techniques
available. Three-dimensional conformal radiotherapy (3D-CRT) was the initial tech-
nique. Challenges with this technique include daily positioning of the target, movement
with breathing, and delivery of higher doses to the surrounding normal breast tissue than
with brachytherapy. Nonetheless, this approach has been widely embraced and has been
shown to be reproducible [48, 49]. However, concerns regarding cosmesis and toxicity
have emerged in more recent trials [S0, 51]. The RAPID trial enrolled 2135 women (age
> 40 years, tumor <3 cm) who underwent 3D-CRT APBI or hypofractionated whole-
breast irradiation. Interim analysis demonstrated increased adverse cosmesis and grade
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Fig.5.5 External view of
an intracavitary
brachytherapy accelerated
partial-breast irradiation
treatment. A balloon
attached to the end of the
catheter is located within
the lumpectomy cavity

1 and 2 toxicities with 3D-CRT APBI at 3 years [52]. Recent data supports the use of
IMRT (intensity modulated radiation therapy) rather than 3D-CRT to deliver external
beam APBI [53]. A University of Florence trial included 520 patients (age > 40 years,
tumor size <2.5 cm) who received APBI via IMRT (30 Gy given over 5 fractions deliv-
ered every other day) or conventionally fractionated whole-breast irradiation. With
5-year follow-up, IMRT APBI showed reduced toxicity and improved cosmetic out-
come compared to whole-breast treatment, with no difference in local control [54].
Intraoperative ABPI is a technique that has been studied primarily outside of the
United States. Radiation is delivered in a single intraoperative dose to the lumpec-
tomy site at the time of surgery using intraoperative electrons or intraoperative pho-
tons. TARGIT-A was a phase 111, non-inferiority study which randomized over 3451
women to either targeted intraoperative radiation (TARGIT) or conventional whole-
breast irradiation from 2000 to 2012 [55]. Per protocol, approximately 15% of
patients receiving TARGIT also received whole-breast radiation because of unex-
pected adverse features seen on final pathology. Targeted intraoperative radiation
was given to a dose of approximately 20 Gy at the tumor bed surface with the radia-
tion dose decreasing to approximately 5—-7 Gy at 1 cm from the tumor bed surface.
At last reporting, 1222 patients had a median follow-up of 5 years. The 5-year risk
of local recurrence was 3.3% for TARGIT and 1.3% for whole-breast irradiation (p =
0.042) [55]. There was no difference in complications between the two groups.

Postmastectomy Radiation

Indications for Postmastectomy Radiation for Invasive Breast Cancer

1. Patients with one or more pathologically positive lymph nodes evaluated at sur-
gery or prior to neoadjuvant chemotherapy

2. Positive mastectomy surgical margin or mastectomy surgical margin of <1 mm

Tumor size >5 cm

4. Inflammatory breast cancer

b
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Benefit of Postmastectomy Radiation

For patients with node-positive disease, postmastectomy radiation improves locore-
gional recurrence-free survival, recurrence-free survival, breast cancer-specific sur-
vival, and overall survival.

Patients Who May Avoid Postmastectomy Radiation
Patients with negative axillary lymph nodes and primary breast tumor 5 cm less
with mastectomy margin 1 mm or greater

Absolute Contraindication
Pregnancy

Relative Contraindications
Active scleroderma or lupus involving the skin, previous radiation

Factors for Consideration

Patient age, patient life expectancy, comorbidities which may increase the risk of
complications, tumor size, margin width, lymphovascular space invasion, number
of lymph nodes involved, volume of lymph node involvement, extranodal extension,
number of lymph nodes removed, tumor grade, tumor histology, hormone receptor
status, HER2/neu status, response to neoadjuvant chemotherapy, cosmetic result,
and patient expectations

Radiation Technique

Most patients receiving postmastectomy radiation should receive treatment to the
chest wall and comprehensive regional nodes which includes the undissected axilla,
supraclavicular-axillary apical nodes, and internal mammary nodes. Less extensive
fields may be indicated for a subset of patients with a lower risk of recurrence at the
discretion of the treating radiation oncologist. Postmastectomy radiation is given
with external beam irradiation. The dose for postmastectomy radiation is 50 Gy in
25-28 fractions. A boost of 10—16 Gy may be added at the discretion of the treating
radiation oncologist.

Selected Studies
Survival Improvement of Patients with Positive Lymph Nodes

The survival advantage of postmastectomy radiation for node-positive breast cancer
patients was established by three modern postmastectomy radiation trials and a
large meta-analysis.

The earliest of the modern postmastectomy radiation trials was performed by the
British Columbia Cancer Agency in Vancouver and Victoria, British Columbia.
From January 1979 to December 1986, the trial enrolled 318 premenopausal women
with pathologically involved axillary lymph nodes [56]. The patients were treated
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with modified radical mastectomy followed by adjuvant cyclophosphamide, metho-
trexate, and 5-fluorouracil (CMF) chemotherapy. Patients were randomized to adju-
vant locoregional radiation or no additional treatment. Radiation was targeted to the
postmastectomy chest wall, supraclavicular lymph nodes, axillary lymph nodes,
and bilateral internal mammary lymph nodes. Radiation treatment took place
between the fourth and fifth cycles of chemotherapy. A dose of 37.5 Gy in 16 frac-
tions was given to the chest wall, 35 Gy in 16 fractions to the supraclavicular and
axillary lymph nodes, and 37.5 Gy in 16 fractions to the bilateral internal mammary
lymph nodes. At 20-year follow-up (median follow-up of 249 months), the radiation
group had significantly better isolated locoregional recurrence-free survival com-
pared to the no additional treatment group (90 versus 74%; RR 0.36; P = 0.002) and
better systemic relapse-free survival (48 versus 31%; RR 0.66; P = 0.004). The
radiation group showed higher rates of breast cancer-free survival (48 versus 30%;
RR 0.63; P =0.001), event-free survival (35 versus 25%; RR 0.70; P = 0.009), and
breast cancer-specific survival (53 versus 38%; RR 0.67; P = 0.008). Overall sur-
vival increased by 10% with radiation (47% with radiation versus 37% without
radiation) (RR 0.73; P = 0.03).

The Danish Breast Cancer Cooperative Group protocol 82b enrolled 1708 high-
risk premenopausal women from November 1982 to December 1989 [57]. High risk
was defined as axillary lymph node involvement, tumor size greater than 5 cm, or
breast cancer invasion into the skin or pectoral fascia. Patients were in pathologic
stage II or III. All patients were treated with total mastectomy and axillary nodal
dissection, with a median of seven lymph nodes removed. Following surgery,
patients were randomized to receive 9 weeks of CMF chemotherapy alone or an
8-week split course of CMF chemotherapy with locoregional radiation occurring
during the split. A third group received CMF plus tamoxifen, but enrollment was
discontinued in June 1986 because of greater than expected mortality in this group.
Radiation consisted of treatment to the chest wall, surgical scar, and regional lymph
nodes (supraclavicular, infraclavicular, axillary, and internal mammary lymph
nodes). The radiation dose was 50 Gy in 25 fractions given over 5 weeks or 48 Gy
in 22 fractions given over 5%2 weeks. At 10-year follow-up (median 114 months),
there was improved locoregional recurrence in the group receiving CMF plus radia-
tion compared to the group receiving CMF alone (9 versus 32%, P < 0.001).
Disease-free survival was increased in the chemotherapy plus radiation group com-
pared to the chemotherapy alone group (40 versus 34%, P < 0.001). Overall survival
was higher with CMF plus radiation compared to CMF alone (54 versus 45%, P <
0.001). On multivariate analysis, postmastectomy radiation increased disease-free
survival and overall survival regardless of tumor size, number of positive of nodes,
or tumor grade.

The Danish Breast Cancer Cooperative Group protocol 82c¢ included 1460 post-
menopausal high-risk breast cancer patients with high-risk indicating axillary
lymph node involvement, tumor size great than 5 cm, or cancer invasion into the
skin or pectoral fascia [58]. Trial enrollment occurred between October 1982 and
March 1990. Like Danish 82b, patients were treated with mastectomy and axillary
lymph node dissection with a median of seven lymph nodes removed. Danish 82c
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randomized patients to adjuvant radiation plus 1 year of tamoxifen or 1 year of
tamoxifen alone. A third group received adjuvant CMF plus tamoxifen and was
reported separately. Radiation was targeted to the chest wall, surgical scar, and
regional lymph nodes (supraclavicular, infraclavicular, axillary, and internal mam-
mary lymph nodes). The radiation dose was 50 Gy in 25 fractions over 35 days or
48 Gy in 22 fractions over 38 days. At 10 years of follow-up (median 119 months),
the trial results showed improved locoregional recurrence in the radiation plus
tamoxifen group compared to the tamoxifen alone group (8 versus 35%, P <0.001).
Total recurrences were fewer in the radiation plus tamoxifen group compared to
tamoxifen alone (47 versus 60%), and disease-free survival was better with radia-
tion plus tamoxifen compared to tamoxifen alone (36 versus 24%, P < 0.001).
Overall survival was increased with radiation plus tamoxifen compared to tamoxi-
fen alone (45 versus 36%, P = 0.03).

In 2006, the Danish Breast Cancer Cooperative Group published a study of the
long-term patterns of disease recurrence for 3083 patients enrolled in protocols 82b
and 82c [59]. The 18-year probability of any first breast recurrence was 73% for
patients who did not receive adjuvant radiation versus 59% for patients who received
adjuvant radiation (P < 0.001). The probability of locoregional recurrence at 18
years was 49% for patients who did not receive adjuvant radiation versus 14% for
patients who received adjuvant radiation (P < 0.001). The 18-year probability of
distant metastases after locoregional recurrence was 35% for patients who did not
receive adjuvant radiation versus 6% for patients who received adjuvant radiation (P
< 0.001), and the probability of distant metastases was 64% for the no radiation
group versus 53% for the radiation group.

In 2014 the Early Breast Cancer Trialists” Collaborative Group (EBCTCG) pub-
lished a meta-analysis of individual patient data of 8135 women treated with mas-
tectomy and axillary surgery in 22 clinical trials which took place from 1964 to
1986 [60]. It compared the outcomes of patients treated without radiation to patients
treated with postmastectomy radiation to the chest wall and regional lymph nodes.
Axillary surgery consisted of axillary dissection or axillary sampling. Axillary dis-
section was defined as dissection of levels I and II or a median of ten or more lymph
nodes removed, and axillary sampling was defined as removal of less than levels I
and II or less than a median of ten lymph nodes removed. The primary outcomes
were 10-year locoregional recurrence, 10-year any first recurrence, 20-year breast
cancer mortality, and 20-year overall mortality. Recurrence was analyzed at 10
years because many trials did not follow patients for recurrence beyond year 10.

The meta-analysis showed that for the 700 women who had pathologically nega-
tive lymph nodes after mastectomy and axillary dissection, postmastectomy radia-
tion did not improve rates of locoregional recurrence, any first recurrence, or breast
cancer mortality [60].

For the 3131 women with pathologically positive lymph nodes after mastectomy
and axillary dissection, postmastectomy radiation improved locoregional recur-
rence from 26.0 to 8.1%, any first recurrence from 62.5 to 51.9%, and breast cancer
mortality from 66.4 to 58.3%. Radiation decreased overall mortality from 70.4 to
65.4% [60].
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For the 1314 women with 1-3 pathologically positive lymph nodes who were
treated with mastectomy and axillary dissection, postmastectomy radiation
decreased locoregional recurrence from 20.3 to 3.8%, any first recurrence from 45.7
to 34.2%, and breast cancer mortality from 50.2 to 42.3% [60]. For the 1772 women
with four or more positive lymph nodes treated with mastectomy and axillary dis-
section, postmastectomy radiation improved locoregional recurrence from 32.1 to
13%, any first recurrence from 75.1 to 66.3%, and breast cancer mortality from 80.0
to 70.7% [60].

The benefit of postmastectomy radiation was sustained even if women received
systemic therapy. For the 1133 women with 1-3 pathologically involve lymph nodes
who were treated with mastectomy, axillary dissection, and systemic therapy, radia-
tion decreased locoregional recurrence from 21.0 to 4.3%, any first recurrence from
45.5 to 33.8%, and breast cancer mortality from 49.4 to 41.5% [60]. For the 1677
women with four or more positive lymph nodes who were treated with mastectomy,
axillary dissection, and systemic therapy, postmastectomy radiation improved
locoregional recurrence from 31.5to 13.6%, any first recurrence from 74.0 to 65.8%,
and breast cancer mortality from 78.0 to 70.0% [60].

There has been controversy whether radiation is needed if axillary dissection is
performed and only one lymph node is pathologically involved. For the 318 women
who had one pathologically positive lymph node and who were treated with mastec-
tomy, axillary dissection, and systemic therapy, postmastectomy radiation improved
locoregional recurrence from 20.2 to 3.0%, any first recurrence from 36.3 to 25.3%,
and 15-year breast cancer mortality from 35.2 to 30.5% [60]. For the 365 women
with 2-3 pathologically positive nodes who were treated with mastectomy, axillary
dissection, and systemic therapy, postmastectomy radiation decreased locoregional
recurrence from 19.3 to 4.7%, any first recurrence from 47.8 to 40.4%, and 15-year
breast cancer mortality from 50.5 to 42.5%.

Overall the study showed that for women with node-positive disease who
received postmastectomy radiation, one breast cancer death was prevented at 20
years for every 1.5 recurrences prevented at 10 years [60].

The American Society of Clinical Oncology, American Society for Radiation
Oncology, and Society of Surgical Oncology issued a focused guideline update on
postmastectomy radiation in 2016 [61]. There was unanimous agreement on the
panel that for patients with T1-T2 tumors and 1-3 positive axillary lymph nodes
who undergo axillary nodal dissection, postmastectomy radiation reduces the risk
of locoregional failure, any recurrence, and breast cancer mortality. They indicated
that for subsets of patients with a very low risk of locoregional failure, the absolute
benefit of postmastectomy radiation may be outweighed by the potential toxicity;
however, the panel could not clearly define those subsets. The panel recommended
consideration of the following factors in deciding whether or not a patient will ben-
efit from postmastectomy radiation: patient age, limited life expectancy, comorbidi-
ties which may increase the risk of complications, tumor size, lymphovascular
invasion, number of lymph nodes involved, size of lymph node involvement,
response to neoadjuvant systemic therapy, tumor grade, and strong hormonal sensi-
tivity. The panel recommended that postmastectomy radiation be given to patients
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with axillary nodal involvement who receive neoadjuvant systemic therapy and
have less than a pathological complete response. For clinically node-negative
patients who receive neoadjuvant systemic therapy or those with a pathological
complete response in the lymph nodes after neoadjuvant systemic therapy, the panel
felt there was insufficient evidence to either recommend postmastectomy radiation
or recommend omission of postmastectomy radiation. They recommended these
patients be enrolled in clinical trials.

Neoadjuvant Chemotherapy

Traditional predictive factors such as tumor size, tumor grade, number of lymph
nodes involved, volume of lymph node involvement, and extracapsular extension
have been used by radiation oncologists to estimate the benefit of postmastectomy
radiation and determine the appropriateness of postmastectomy radiation treatment.
Because neoadjuvant chemotherapy can dramatically change one or all of these fac-
tors and introduce new predictive factors (such as pathological complete response),
estimating the benefit of postmastectomy radiation after neoadjuvant chemotherapy
is more difficult. There are no published randomized trials evaluating the role of
postmastectomy radiation following neoadjuvant chemotherapy. However, there is
retrospective analysis of patients treated prospectively on chemotherapy clinical tri-
als. Presently there is insufficient evidence to suggest traditional predictive factors
used to make postmastectomy radiation decisions are no longer beneficial or new
predictive factors, such as pathological complete response, are equally or more pre-
dictive than traditional factors in making postmastectomy radiation treatment deci-
sions. This is being evaluated on clinical trials such as NSABP B-51. Until the
results of NSAB B-51and similar trials are published, postmastectomy radiation
treatment decisions off clinical trial should be made using traditional predictive fac-
tors. Since these predictive factors may be altered by neoadjuvant chemotherapy,
they should be determined using pretreatment workup and staging.

Huang et al. conducted a retrospective analysis of 744 patients enrolled on 6
consecutive prospective clinical trials at MD Anderson Cancer Center between
1974 and 2000 [62]. Patients had nonmetastatic, noninflammatory breast cancer and
received doxorubicin-based chemotherapy and mastectomy. Outcomes from 542
patients who received postmastectomy radiation were compared to 134 patients
who did not receive postmastectomy radiation. The study demonstrated that post-
mastectomy radiation reduced the rate of 10-year locoregional recurrence from 22
to 11%. On subset analysis, postmastectomy radiation significantly reduced the rate
of locoregional recurrence for subsets of patients with clinical T3 or T4 tumors,
stage IIB or greater disease, pathologic tumor size greater than 2 cm, and four or
more positive lymph nodes. For patients with stage III or IV disease who achieved
a pathological complete response after neoadjuvant chemotherapy, postmastectomy
radiation reduced the rate of 10-year locoregional recurrence from 33 to 3%.
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Postmastectomy radiation also improved 10-year cause-specific survival in patients
with stage IIIB or greater disease (44 vs. 22%), clinical T4 tumors (45 vs. 24%), or
four or more positive lymph nodes (44 vs. 18%). Overall survival was higher with
postmastectomy radiation in patients with stage IIIB or greater disease (42 vs. 20%),
clinical T4 tumors (42 vs. 20%), or four or more positive lymph nodes (38 vs. 15%).

Mamounas et al. performed a combined analysis of National Surgical Adjuvant
Breast and Bowel Project (NSABP) trials B-18 and B-27 to determine the patterns
and predictors of locoregional recurrence for patients treated with neoadjuvant che-
motherapy [63]. In the two NSABP trials, patients who underwent lumpectomy after
neoadjuvant chemotherapy received radiation to the breast alone, and patients who
underwent mastectomy after neoadjuvant chemotherapy received no adjuvant radia-
tion. In NSABP B-18, patients were randomized to receive neoadjuvant or adjuvant
doxorubicin and cyclophosphamide (AC) given every 21 days for a total of four
cycles. Patients aged 50 or older received tamoxifen for 5 years regardless of hor-
mone receptor status. In NSABP B-27, patients were randomized to one of three
treatment arms. Patients in group 1 received four cycles of neoadjuvant AC, patients
in group 2 received four cycles of neoadjuvant AC followed by four cycles of neoad-
juvant docetaxel given every 21 days, and patients in group 3 received four cycles of
neoadjuvant AC followed by four cycles of adjuvant docetaxel. All patients received
5 years of tamoxifen regardless of hormone receptor status. In NSABP B-18, a total
of 763 patients received adjuvant chemotherapy and 760 patients received neoadju-
vant chemotherapy. All 2411 patients on NSABP B-27 received neoadjuvant chemo-
therapy. Mamounas performed a combined analysis of the 3171 patients who received
neoadjuvant chemotherapy on the two trials. With 83 patients lost to follow-up, a
total of 3088 patients were analyzed. Most patients in the trial had early-stage dis-
ease. In B-18, 65% of patients had clinical T1-2 NO disease and 22% of patients had
clinical T1-2 N1 disease. In B-27, 51% of patients had clinical T1-2 NO disease and
20% of patients had clinical T1-2 N1 disease. Most patients were clinically node-
negative; in B-18, 73% of patients were clinically node-negative; and in B-27, 70%
of patients were clinically node-negative. On multivariate analysis of 1071 patients
who were treated with mastectomy, independent predictors of 10-year locoregional
recurrence were clinical tumor size greater than 5 cm versus less than 5 cm (HR
1.58), clinically node-positive versus node-negative (HR 1.53), pathological com-
plete response in the breast versus no breast pathological complete response in node-
negative patients (HR 2.21), and pathologically node-positive versus pathologically
node-negative plus breast pathological complete response (HR 4.48).

In the 1890 patients who underwent lumpectomy, independent predictors of
10-year local regional recurrence on multivariate analysis included age 50 or older
versus less than age 50 (HR 0.71), clinically node-positive versus node-negative
(HR 1.70), pathological complete response in the breast versus no breast pathologi-
cal complete response in node-negative patients (HR 1.44), and pathologically
node-positive versus pathologically node-negative with breast pathological com-
plete response (HR 2.25).
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Table 5.1 Ten-year locoregional recurrence for patients treated with neoadjuvant chemotherapy
followed by mastectomy without postmastectomy radiation [63]

Clinically node negative

Clinically node positive

Tumor <5 cm

Tumor >5 cm

Tumor <5 cm

Tumor >5 cm

ypN(—)/breast pCR

6.6% (n = 46)

6.2% (n = 16)

0% (n=21)

0% (n=11)

ypN(—)/no breast
pCR

6.3% (n = 178)

11.8% (n = 95)

10.8% (n = 37)

9.2% (n = 84)

ypN(+)

11.2% (n = 184)

14.6% (n=179)

17.0% (n = 143)

22.4% (n = 128)

In general, the analysis showed a relatively low probability of locoregional recur-
rence for mastectomy patients who were clinically node-negative prior to neoadju-
vant chemotherapy and pathologically node-negative after neoadjuvant
chemotherapy. Locoregional recurrence was also low for patients who were clini-
cally node-positive prior to neoadjuvant chemotherapy but had a pathological com-
plete response in the breast and lymph nodes after neoadjuvant chemotherapy. Other
subsets of patients had higher probabilities of locoregional recurrence. The inci-
dence of locoregional recurrence at 10 years is summarized in Table 5.1 for mastec-
tomy patients.

It is important to note that this analysis is a subset analysis of patients treated on
two large chemotherapy clinical trials. Interpretation of the data is limited by many
factors including the retrospective nature of the analysis, lack of a radiation treat-
ment arm, small number of patients with a pathological complete response in the
breast and lymph nodes, and most patients having early-stage, clinically node-
negative disease. Patients with T4 or N2 disease at presentation were not eligible for
treatment on either of the trials so this data does not apply to patients with more
advanced disease. Furthermore, estrogen receptor, progesterone receptor, and
HER?2/neu status were not evaluated prior to chemotherapy, so these are not known
for patients who had a pathological complete response in the breast and lymph
nodes. Also, two different chemotherapy regimens were used, tamoxifen was given
concurrently with chemotherapy rather sequentially, tamoxifen was given on the
basis of age rather than ER status, and no patients received Herceptin. The greatest
benefit of this analysis is hypothesis generation. This study and others led to the
initiation of NSABP B-51. Table 5.2 highlights summary of radiation treatment
recommendations at our institution.

Recurrent Disease

Patients with disease recurrence who did not previously receive radiation treatment
are recommended to receive adjuvant radiation. Patients who previously received
external beam irradiation may be eligible for re-irradiation with partial-breast radi-
ation or external beam irradiation. Patients who previously received partial-breast
irradiation may be eligible for re-irradiation with external beam irradiation.
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Table 5.2 Summary of radiation treatment recommendations at VCU based on the above litera-
ture and acknowledging areas of controversy—this is how we do it.

Stage

Treatment recommendation

Mastectomy without neoadjuvant chemotherapy

pT1/T2 NO (positive or Observation is recommended if the surgical margins are

negative for ITC) negative. If the margins are positive, radiation to the chest wall and
lower axilla is recommended.

pT1/T2 N1mic If SLN biopsy only, radiation to the chest wall and lower axilla is

recommended.

If ALND (six nodes or more), observation is recommended if the
surgical margins are negative. If the margins are positive, radiation
to the chest wall and lower axilla is recommended.

pT1/T2 N1 with one
node positive
(macroscopic)

If SNL biopsy only, chest wall and regional nodal irradiation is
recommended.

If ALND (six nodes or more), observation may be considered if the
patient has a less aggressive overall picture—e.g., older patients
with small, low-grade, hormone receptor-positive, HER2-negative
tumors resected with margins 2 mm or greater; otherwise chest
wall and regional nodal irradiation is recommended.

pT1/T2 N1 with two
nodes positive

Chest wall and regional nodal irradiation is recommended.

pT1/T2 N1 with three or
more nodes positive

Chest wall and regional nodal irradiation is recommended.

pT3 NO

Chest wall and regional nodal irradiation is generally
recommended. Observation may be considered for older patients
with hormone receptor-positive, HER2-negative tumors measuring
5-6 cm and resected with good surgical margins.

pT4 NO or inflammatory
breast cancer

Chest wall and regional nodal irradiation is recommended.

Neoadjuvant chemotherapy followed by mastectomy

Local regional irradiation is recommended for patients with evidence of preoperative nodal
involvement until further evidence suggests otherwise.
*Preoperative nodal evaluation includes imaging studies and/or biopsy

c¢T1/T2 N1 with pCR in
breast and nodes. N1
includes pathology or
imaging.

Consider enrollment on NSABP B-51.

Off protocol: chest wall and regional nodal irradiation is
recommended.

It is recognized that there is controversy regarding the role of
radiation in this setting. Until this question is answered by
randomized data, we recommend radiation.

c¢T1/T2 N1 with pCR in
nodes but not in the
breast

Consider enrollment on NSABP B-51.

Off protocol: chest wall and regional nodal irradiation is recommended.
It is recognized that there is controversy regarding the role of
radiation in this setting. Until this question is answered by
randomized data, we recommend radiation.

c¢T1/T2 N1 with pCR in
the breast but not in
nodes

Chest wall and regional nodal irradiation is recommended.

c¢T3/T4 or N2/N3

Chest wall and regional nodal irradiation is recommended
regardless of response to chemotherapy.

(continued)
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Table 5.2 (continued)

Stage ‘ Treatment recommendation

Lumpectomy

pT1/T2 NO (positive or For patients younger than age 70, breast irradiation is

negative for ITC) or recommended.

DCIS For patients aged 70-75, observation is acceptable for patients with

small, hormone receptor-positive, HER2-negative tumors, with
good surgical margins if the patient will receive 5 years of
hormonal therapy. It is recognized that there is controversy whether
the age for observation should be younger than 70. As new data
arise and old data mature, the age for observation will likely
decrease.

Breast irradiation is recommended for patients who do not fit the
criteria for observation. Breast irradiation may also be given to patients
who meet the criteria for observation, but express a preference for
radiation treatment to decrease the risk of local recurrence.

For patients aged 75-80 or older, observation is preferred unless
the patient has concerning prognostic factors or she is healthy and
desires radiation treatment. As patient age increases, the preference
for observation becomes greater.

pT1/T2 N1mic Breast and lower axillary irradiation is recommended.

Breast-only irradiation is recommended if the patient has
undergone ALND (six nodes) or if the patient is older with a small,
low-grade, hormone receptor-positive, HER2-negative tumor.

pT1/T2 N1 with one Whole-breast and regional nodal irradiation is recommended.
node positive Breast-only irradiation may be considered if the patient has
undergone ALND (six nodes) and is older with a small, low-grade,
hormone receptor-positive, HER2-negative tumor.

pT1/T2 with two nodes Whole-breast and regional nodal irradiation is recommended.
positive

pT1/T2 N1 with three or | Whole-breast and regional nodal irradiation is recommended.
more nodes positive

pT3 NO Whole-breast and regional nodal irradiation is generally
recommended. Breast-only irradiation may be considered for older
patients with low- or intermediate-grade, hormone receptor-
positive, HER2-negative tumors measuring 5—6 cm.

Hypofractionation

Hypofractionation (42.56 Gy in 16 fractions) is recommended if a patient meets all of the
following criteria:

1. Patient is aged 50 years or older at diagnosis

2. Pathologic stage is T1-T2 NO and patient has been treated with breast-conserving surgery
3. Patient has not been treated with systemic chemotherapy

4. The breast size is sufficiently small such that the central axis dose is no less than 93% and
no greater than 107% of the prescription dose

This recommendation may be revised as additional data becomes available (RTOG 1005).
Patients who do not meet the criteria for hypofractionation should receive standard
fractionation (50 Gy in 2 Gy fractions).
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Table 5.2 (continued)

Stage ‘ Treatment recommendation

Boost

Lumpectomy patients—a boost is recommended for:
* All lumpectomy patients under age 60
e Any patient with surgical margins less than 2 mm
* Any patient with aggressive features:

— Node positivity

— ER negativity and/or PR negativity

— HER2 positivity

— Grade 3
For patients treated with standard fractionation, the boost may be 10-16 Gy.
For patients treated with hypofractionation, the boost may be 2.66 Gy x 4-6 fractions.
Mastectomy patients: a boost is not recommended for reconstructed mastectomy patients who
do not have close margins. A boost is otherwise at the discretion of the treating physician.
Accelerated partial-breast irradiation
We accept the American Brachytherapy Society’s acceptable criteria for accelerated partial-
breast irradiation.

Criteria

Age >50 years old

Size <3cm

Histology All invasive subtypes and DCIS
Estrogen receptor Positive/negative

Surgical margins Negative

Lymphovascular space Not present

invasion

Nodal status Negative
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Representative Cases: Diagnosis, Management
and Radiologic Pathologic Correlation
of Common Breast Lesions/Tumors



Fibroepithelial Lesions

Valentina Robila, Priti A. Shah, and Michael O. Idowu

Fibroadenoma is a common benign breast mass and is the most common solid mass
in women under 30; 15-20% of women have multiple, including bilaterally [1, 14].
If palpable, it can be a discrete, firm, mobile mass and may wax and wane in size
and tenderness with cyclical hormonal changes [10]. Fibroadenomas measuring
>8 cm in greatest length are referred to as giant fibroadenomas and can be seen in
adolescents [10, 12, 14].

Mammographically, a fibroadenoma most commonly has a round or oval shape,
low density, and circumscribed margins (Fig. 6.1) [10]. As women get older, and
hormone levels decrease, these masses may hyalinize, resulting in decreased size,
increased radiographic density, and sometimes the development of large, coarse,
chunky “popcorn”-like calcifications (Fig. 6.2). However, as mentioned elsewhere
in this handbook, even large, dense calcifications may start out fine and faint and if
imaged at that stage may pose a diagnostic dilemma for the radiologist, since not all
masses with calcifications can be classified as fibroadenomas. Moreover, sometimes
the soft tissue mass is not evident radiographically, and so a group of developing
calcifications may be the only finding of a fibroadenoma (Fig. 6.3), warranting
biopsy for confirmation.

The sonographic appearance of a fibroadenoma is typically analogous to the
mammographic. It is oval, has an orientation parallel to the skin and chest wall
(horizontal, traveling along tissue planes rather than disrupting them), uniform
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Fig. 6.1 Biopsy-proven
fibroadenoma. Spot
compression
mammographic view
demonstrates an oval, low
to equal density mass with
circumscribed margins

Fig. 6.2 Hyalinizing fibroadenoma, two different patients (a) and (b). Coarse, “chunky,”
“popcorn”-type dystrophic calcifications form in the stroma and can be seen on standard (non-
magnified) mammographic views

hypoechogenicity, and circumscribed margins (Fig. 6.4) [1-3, 10]. In some cases,
thin internal echogenic fibrous septa may be seen. If hyalinized but without the
characteristic large calcifications to define it radiographically, it may appear more
hypoechoic, or nearly anechoic, and demonstrate posterior acoustic shadowing at
ultrasound. If even partially calcified, there may be intense shadowing. If not hya-
linized, its appearance in both modalities may be indistinguishable from that of a
phyllodes tumor; the latter might be higher in echogenicity with slit-like anechoic
spaces (Fig. 6.5) [10-12]. Phyllodes tumors have malignant potential, so the dis-
tinction is important. Although the classic teaching is that phyllodes are “large”
masses, size should not be the sole criteria for exclusion or inclusion in a
differential diagnosis.
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Fig. 6.3 Biopsy-proven
hyalinizing fibroadenoma.
Spot compression
magnification view in a
48-year-old woman
recalled for these new fine,
pleomorphic calcifications.
These were biopsied under
stereotactic guidance as no
associated mass was
identified by imaging

Fig. 6.4 Biopsy-proven fibroadenomas in two patients. (a) The typical ultrasound appearance is
that of an oval, horizontally oriented hypoechoic mass with circumscribed margins. The patient in
(b) is 25 years old and has six similar appearing masses bilaterally

Fig. 6.5 Biopsy-proven
low-grade phyllodes tumor.
Slightly higher in
echogenicity than a
fibroadenoma on
ultrasound, with internal
cystic slit-like spaces
(arrows) and posterior
acoustic enhancement
(between arrowheads)
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According to the original prospective works and reviews by Sickles [4, 5, 6], if a
non-palpable mass with circumscribed margins and no calcifications is identified
after mammographic work-up from a baseline screening, it may be managed with
periodic radiographic follow-up (assigned a BI-RADS 3 category assessment, with
one short interval follow-up at 6 months, and then yearly), for a total of 2-3 years.
After this, in the absence of significant growth or suspicious change, it may be
deemed benign with no further follow-up. With support from later work focused on
ultrasound, it is now recommended to include sonographic findings to support this
recommendation for “watching and waiting,” or to rely only on ultrasound features
in young patients for whom mammography is not done [3, 7, 8]. The data shows that
the likelihood of malignancy is <2% (and in some studies, <1%) for an oval,
hypoechoic mass with circumscribed margins, parallel orientation, and no posterior
acoustic shadowing. Furthermore, palpability no longer excludes such masses from
short-term follow-up, which makes sense, since the size and location in the breast
(closer to the skin), relative to breast size and composition, do not incur additional
likelihood of malignancy. If a mass looks like a fibroadenoma and has no suspicious
imaging features, our practice is to discuss this with the patient and recommend a
6-month follow-up but also offer her the options of a needle biopsy or excisional
biopsy if depending on the patient’s comfort level [3-9].

Classically, at follow-up, if the lesion has increased in volume by >20%, biopsy
should be undertaken. However one must take into consideration the context of the
patient: for example, these may normally grow in concert with breast development
in adolescents and young women, or in pregnancy. If at follow-up there have been
changes in morphology or margins suspicious for malignancy, biopsy is also war-
ranted. Needle biopsy (rather than excisional biopsy) is the method of choice as it is
less invasive and can be done right then, and the diagnosis may change the operative
plan if surgery is in fact needed.

For core needle biopsy-proven fibroadenomas, some advocate an ultrasound
follow-up in 6 months to ensure that a phyllodes tumor was not missed due to sam-
pling error; if the lesion is truly a phyllodes, it would be expected to grow signifi-
cantly in 6 months and thereby “declare itself.” Given the rarity of this occurring in
our practice, we do not routinely recommend nor perform ultrasound follow-up for
biopsy-proven fibroadenomas. Unless symptomatic, resection of a biopsy proven
fibroadenoma is not typically warranted.

In some instances, a core biopsy sample is insufficient in distinguishing between
a fibroadenoma and a phyllodes tumor. It is paramount that the physician perform-
ing the core biopsy be familiar with the nuances in the language of pathologists.
Such a core biopsy may be reported as a “fibroepithelial lesion, phyllodes not
excluded,” in which case an excisional biopsy may be needed for definitive results.
The surgeon, also recognizing that a phyllodes tumor is possible based on this word-
ing, would allow for wider margins at excision to ensure its entire removal given its
propensity for recurrence.
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Complex fibroadenomas are also most often indistinguishable from fibroadeno-
mas by imaging. Findings suggestive of the former may include associated round,
punctate, or amorphous calcifications radiographically and cystic spaces <3 mm
sonographically. Although these lesions can increase a patient’s risk for developing
breast cancer later on, since they themselves are not premalignant, we do not rou-
tinely recommend excision when a core biopsy yields a complex fibroadenoma.

Although not indicated for the work-up of a fibroadenoma, MRI characteristics
can help narrow the differential diagnosis when done for other reasons. In premeno-
pausal women, fibroadenomas have increased T2 signal and enhancement that is
either homogeneous or interrupted by nonenhancing septa (Fig. 6.6). In postmeno-
pausal women, these may have decreased T2 signal and not enhance, highlighting
the hormonal influences on these benign tumors (Fig. 6.7). Phyllodes tumors, given
their increased cellularity, may have more heterogeneous enhancement and T2 sig-
nal [11, 12, 14].

A discussion of fibroadenomas would be remiss without mentioning tubular and
lactational adenomas. Both are benign and may be indistinguishable from each
other and fibroadenomas on imaging; lactational adenomas may also have areas of
increased echogenicity on ultrasound related to increased lipid (milk) content
(Fig. 6.8). A lactational adenoma may be suspected starting in the third trimester of
pregnancy. There is controversy as to whether it arises de novo or transforms from
preexisting fibroadenoma with the hormonal effects of pregnancy [13].

Fig. 6.6 MRI appearance of fibroadenoma in a premenopausal patient. (a and b) Axial post-
contrast images at 1 mm intervals through the left breast show a round, enhancing mass with cir-
cumscribed margins and nonenhancing internal fibrous septa (arrows). (¢) The mass is
intermediately hyperintense on non-contrast T2-weighted sequences (arrowhead). This patient is
27 years old and is undergoing annual MRI due to a personal history of breast cancer
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Fig. 6.7 MRI appearance of fibroadenoma in a postmenopausal patient. (a) Axial post-contrast
images at | mm intervals through the left breast show a round, non-enhancing mass with circum-
scribed margins (arrow). Cardiac and internal mammary vascular enhancement posteriorly con-
firms the presence of intravenous contrast. (b) The mass is hypointense centrally, with intermediate
signal peripherally, on non-contrast T2 weighted sequences (arrowhead); scattered subcentimeter
cysts are noted (dashed arrow). This is a 56-year-old woman undergoing MRI for a biopsy-proven
ipsilateral cancer (not shown).

Fig. 6.8 Lactational adenoma. This may appear similar to a fibroadenoma on ultrasound but may
also have areas of increased echogenicity representing lipid content (milk, arrows)



6 Fibroepithelial Lesions 157

Chapter 2 of this text contains some discussion on the pathologic approach to
diagnosis of fibroepithelial lesions. Selected radiologic—pathologic correlation of
fibroepithelial lesions is highlighted in the following cases:

Case 1

el

Fibroadenoma. (a) 17-year-old woman presenting with a “lump.” Ultrasound shows an oval,
hypoechoic to isoechoic mass with circumscribed margins. This is a typical appearance of a fibro-
adenoma and so the lesion was assigned a BI-RADS 3 with recommendation for short-interval
follow-up. Ultrasound-guided core needle was done at the patient’s request, followed by surgical
excision. (b) Needle-core biopsy shows fibroadenoma. (¢ and d) The growth pattern is intracana-
licular, in which the stroma proliferation compresses the ducts to slit-like lumens or invaginates the
epithelium. Low stromal cellularity and absence of atypia are noted on high power view. (e) The
diagnosis on excision was fibroadenoma with focal myxoid features. Note the lesion’s well cir-
cumscribed margin on surgical excision
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Fibroadenoma with pericanalicular growth pattern. (a and b) The glands maintain their round or
oval shapes. There is no clinical significance associated with either pericanalicular and intracana-
licular growth patterns

;!:5 4 m\u\::w "

Fibroadenoma with myxoid stroma. (a) Oval mass with circumscribed margins in this 50-year old
patient was nearly anechoic, but solid, on ultrasound. (b and ¢) Needle-core biopsy shows fibroad-
enoma with myxoid stroma. Myxoid fibroadenoma may be associated with Carney’s syndrome
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Case 4

Stromal changes in fibroadenoma. (a and b) Fibroadenoma with marked stromal fibrosis and atro-
phic epithelium. (c and d) Pseudoangiomatous stromal hyperplasia in a fibroadenoma. The benign
stromal changes are of no clinical significance
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Case 5

Cellular fibroadenoma. (a) Images of the right breast from this (now 62 year old) patient’s last
screening mammogram 8 years ago were normal. (b) Current screening study shows a new mass
anteriorly. (¢) The mass is equal density with circumscribed margins on a spot compression view.
(d) Orthogonal ultrasound images show a hypoechoic mass with mostly circumscribed and some
microlobulated margins (posteriorly). The diagnosis rendered on needle core biopsy was fibroepi-
thelial lesion. (e) The low power view of the excision specimen shows a fibroepithelial lesion with
a well circumscribed border. (f) Moderate stromal cellularity are noted. Stromal condensation
around ducts is not definitely identified. (g) The stromal nuclei show mild atypia and rare mitoses
(arrow), up to 1/ 10hpf. Overall, the histological features are consistent with a cellular fbroadenoma.
(h) The lesion is focally involved by usual ductal hyperplasia
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Case 6

Fibroepithelial lesion, fibroadenoma vs. low grade phyllodes. (a) Low-density mass with circum-
scribed margins; this mass was palpable as denoted by the metallic BB skin marker. (b) Targeted
ultrasound shows characteristics of a fibroadenoma: oval, orientation parallel to the skin, circum-
scribed margins, and hypoechoic. But since the mass was new in this 44-year-old, biopsy was
undertaken. (¢ and d) Needle-core biopsy shows a fibroepithelial lesion with ill-defined borders
(arrow). There is moderate stromal cellularity with mild atypia, but no mitoses seen. (e) The lesion’s
invasive border (arrow) and stroma with similar characteristics are also apparent in excision. (f)
Prominent leaf-like architecture is seen, with stromal condensation around the ducts. The overall
findings favor a benign phyllodes tumor. Focal epithelial hyperplasia is seen
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Case 7

Wi

Fibroepithelial lesion with increased stroma cellularity. (a) Spot compression view of a mass with
circumscribed margins (between arrows) and calcifications superimposed on dense breast tissue in
a 44-year-old woman, worked up from a screening mammogram. (b and ¢) Orthogonal ultrasound
images show a hypoechoic mass with slit-like anechoic spaces and circumscribed margins. (d)
Needle-core biopsy shows a fibroepithelial lesion with pericanalicular growth pattern and focal
stromal overgrowth. (e) Stroma is moderately cellular with mild atypia. (f) Similar areas of stromal
expansion are seen on excision. (g) The stroma is moderately cellular, with mild atypia and up to
5 mitoses/10hpf (arrows). The findings are consistent with low grade phyllodes tumor
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Case 8

Malignant phyllodes tumor. The imaging (not shown) was significant for a mass highly suggestive
of malignancy. (a and b) Needle-core biopsies show a fibroepithelial lesion with moderate to high
stromal cellularity and occasional stromal cells with moderate atypia (arrow), consistent with
phyllodes tumor. (¢ and d) Malignant phyllodes tumor is diagnosed on excision. Prominent leaf-
like architecture, and peri-ductal stromal condensation with highly pleomorphic cells are seen
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Case 9

Malignant phyllodes tumor with liposarcomatous differentiation. (a) The core needle biopsy
shows a biphasic tumor, with sharp transition between the two components. (b) Phyllodes tumor
component with moderate to high stromal cellularity and occasional stromal cells with marked
atypia. (c) Liposarcomatous component. (d) On excision, the tumor was classified as malignant
phyllodes tumor with elements of liposarcoma.
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Papillary Lesions

Priti A. Shah, Valentina Robila, and Michael O. Idowu

From the radiologist’s perspective, benign papillary lesions can be divided into
those that are symptomatic versus asymptomatic, those that are central (subareolar)
versus peripheral, or those that are solitary versus multiple. There is some overlap;
it is most commonly the solitary, central papilloma that is symptomatic rather than
multiple or peripheral ones; however both central and peripheral solitary lesions
may be incidental findings that can be followed.

If symptomatic, a central papilloma may “declare itself” with spontaneous nip-
ple discharge; intraductal papilloma is the most common cause of this symptom,
accounting for about 50% of patients [1]. This discharge is characteristically
described by the patient as noted on the inside of her bra cup or night clothes or
“leaking” from the nipple after a warm bath or shower [1]. This history must be
specifically elicited and distinguished from discharge seen on expression only (e.g.,
during a breast exam, mammogram, or intimacy); discharge seen only with expres-
sion is normal and warrants no further evaluation. The character of the discharge is
of less importance: a spectrum of appearances—including clear, serous, milky,
greenish, and grayish—may be considered physiologic. Lastly, it is discharge from
a single duct that is more often associated with a papilloma, rather than that from
multiple ducts. The latter may be physiologic. Single versus multiple duct discharge
is usually clarified with physical examination.

Although some clinicians may send discharge fluid for cytology or hemoccult test-
ing, these studies are controversial and generally considered inadequate as stand-alone
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practices in predicting malignancy due to poor accuracy [2]. Up to a 50% false-nega-
tive rate has been reported for cytologic analysis. Over 50% of patients with spontane-
ous discharge as the presenting sign of their malignancy have non-bloody discharge,
and hemoccult testing of discharge is negative in almost one-third of patients with
cancer. Moreover, as malignancy is the cause of spontaneous discharge in only about
10% of patients, even true-negative cytology and hemoccult testing do not aid in the
diagnosis the underlying cause—most commonly, a papilloma or duct ectasia [2, 3].

In diagnostic breast imaging, ductography (galactography) or sonography may
be used, in conjunction with mammography, in the work-up of spontaneous, single
duct discharge. A ductogram is done by insertion of a blunt-tipped needle (we use a
30G sialography needle) into the secreting duct orifice and gentle injection of a few
drops (0.2-0.4 mL) of radiopaque contrast. Special mammographic views of the
subareolar region are then done, and these may show a dilated duct and/or an intra-
ductal filling defect rather than the normal smooth caliber branches tapering poste-
riorly (Figs. 7.1 and 7.2). These filling defects may be only millimeters in size.
Irregularities in the duct contour may suggest DCIS (Fig. 7.3). The false-negative
rate of ductography is about 15%, and it is usually well tolerated; the main compli-
cation is pain or a “burning” sensation from a too-forceful injection. The only abso-
lute contraindication is an acute abscess or mastitis [4].

Alternatively, ultrasound may be used to identify a subareolar mass (Fig. 7.4);
however, one must be cautious in attributing the discharge to it if palpation of the mass
does not reproduce the discharge (a “trigger point” as described by Haagensen) [5].
The elegance of the ductogram is that it has the potential to isolate the culprit duct and
specifically localize the lesion for a more conservative surgical excision, particularly
in the setting of multiple dilated ducts or duct ectasia [1, 4, 6, 7].

Sonographically, a papillary lesion commonly appears as a complex solid and
cystic mass with circumscribed margins (Fig. 7.5); a solid mass in the subareolar

Fig.7.1 Normal ductogram. A 30G blunt-tipped needle (arrow) is inserted into a duct orifice and
drops of radiopaque contrast are injected, after which, magnified mammographic images of the
subareolar region are taken. The opacified duct is smooth, normal in caliber, and tapers normally
as it branches and courses into the remainder of the segment. Tiny outpouchings of contrast ante-
riorly reflect filling of the lobules (arrowhead)
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Fig. 7.2 Abnormal ductogram—done for a 64-year-old woman with spontaneous nipple dis-
charge. This duct is abnormally dilated anteriorly (arrow) and narrows abruptly (arrowhead). A
filling defect (open arrowhead) traverses a branch point. Excisional biopsy done for symptomatic
relief yielded a papilloma

Fig. 7.3 Abnormal ductogram: Ductal carcinoma in situ—in a 77-year-old patient. The opacified
duct is dilated (arrow) and abruptly changes caliber rather than tapering smoothly. Intraductal fill-
ing defects (arrowheads) and caliber irregularities (alternating areas of sacculation and narrowing)
are highly suggestive of malignancy

region may also suggest this histology based on its location, particularly if it can be
seen within a duct (intraductal). If seen radiographically without ductography, pap-
illomas can be round to oval with circumscribed or spiculated margins and may
have associated calcifications [1, 8, 9].

MRI is also being increasingly studied as a diagnostic tool in the evaluation of
spontaneous discharge, with the advantage that it is noninvasive; cannulation and
intraductal injection of contrast are avoided since MRI utilizes the intrinsic fluid
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Fig. 7.4 Papillomas—(a) Ductogram shows a dilated duct (arrow) and intraductal filling defect
(arrowhead), posterior to which a soft tissue mass (dashed arrow) is seen associated with a branch
of the same duct. (b) That mass was identified and biopsied sonographically, and both lesions were
excised for treatment of spontaneous nipple discharge

Fig. 7.5 Papilloma—Ultrasound of the subareolar region in a 25-year-old presenting with a pal-
pable “lump” shows a complex mass with solid (arrow) and cystic (arrowhead) components and
circumscribed margins

signal of ducts on T2-weighted images. However, as with sonography, this may be
less specific as it demonstrates all major subareolar ducts, not isolating the “culprit”
duct contemporaneously with eliciting of discharge. Intravenous gadolinium contrast
can increase sensitivity and specificity, since duct ectasia or intraductal debris may
not enhance; however, it may not help in distinguishing between benign and malig-
nant papillary lesions since both of these can enhance. Also, given the tiny size of
most papillomas, and duct lumens, the use of specialized microscopic coils is advo-
cated in improving image resolution over conventional MRI imaging [10-13]. At
this time, all of this may be time- and cost-prohibitive given the more accessible and
efficient methods of conventional ductography and sonography [5].

We refer patients for excisional biopsy of lesions found at ductography for alle-
viation of their symptoms (spontaneous discharge can become quite frustrating) and
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for confirmation of histology. A preoperative ductogram is done in the morning of
surgery to guide the surgeon and the pathologist. After re-cannulating the duct,
injecting a combination of radiopaque dye and methylene blue, radiographs are
repeated and sent to the operating room with the patient for surgical planning.

Some papillomas are found incidentally at mammography or sonography in
asymptomatic patients. We do not routinely recommend excision of core needle
biopsy-proven solitary papillomas without atypia in these patients if there is
radiologic-pathologic concordance, rather, we follow these patients. This has been
controversial as previous data suggested a high rate of upstaging to malignancy on
excision of papillomas. However, solitary papillomas without atypia are in fact not
associated with an increased risk of malignancy; the upgrade rate has been docu-
mented as low as 2.3%—and as high as 36%; however some of the latter studies do
not account for radiological-pathological congruence [14—19]. In our own patients,
there was an 8.3% rate of malignancy in excised papillomas without associated
atypia, compared to a 30-40% of those with atypia [15]. It is widely accepted that
papillary lesions associated with atypia on core needle biopsy (termed as such, or as
atypical papillomas) require excision, even if solitary. Papillomas that are associ-
ated with an increased risk of malignancy, even if atypia is not identified concur-
rently, are those classified as multiple peripheral papillomas, the appearance,
diagnosis, and work-up of which are different than the solitary or central.

Multiple peripheral papillomas may be seen on imaging as similar appearing masses
in a segmental or ductal distribution. Patients are typically asymptomatic. Biopsy for
tissue diagnosis of representative lesions, if possible at two opposite extents, is suffi-
cient. Excision is usually recommended due to the likelihood of malignancy.

Papillary carcinomas are further divided histologically as invasive or in situ.
Typically larger and faster growing than benign papillomas, these may exhibit lager
cystic spaces amidst solid components under ultrasound (Fig. 7.6) [1]. As with all
papillary lesions, the presence of a fibrovascular core histologically makes these
susceptible to bleeding following a needle biopsy.

Fig. 7.6 Papillary carcinoma—(a) Spot tangential view of a palpable “lump” in an 84-year-old
woman shows an equal density mass with circumscribed margins and coarse calcifications. (b)
Correlative ultrasound demonstrates complex solid (arrows) and cystic (arrowheads) mass.
Intraductal disease was seen on core needle biopsy and invasive ductal carcinoma at lumpectomy.
Intraductal and invasive papillary carcinoma are indistinguishable on imaging
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Chapter 2 of this text contains some discussion on the pathology approach to
diagnosis of papillary lesions. Selected radiologic-pathologic correlation of papil-
lary lesions is highlighted below.

Case 1

Intraductal papilloma—(a) Ultrasound of the subareolar region in a 25-year-old presenting with a
palpable “lump” shows a complex mass with solid (arrow) and cystic (arrowhead) components and
circumscribed margins. (b) The needle core biopsy shows a portion of the cyst wall around a
papilloma. The mass is composed papillae with an arborizing pattern. (¢) Epithelial cells, cuboidal
or columnar, and myoepithelial cells are lining the fibrovascular cores. (d, e) The papillary fronds in
this case appear fused with apparent solid appearance
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Case 2

Benign changes in papillary lesions. (a) Papilloma with apocrine metaplasia. (b and ¢) Hyalinization
of the vascular cores and adenosis type glands in the stroma. (d) Epithelial hyperplasia of the usual
type and sclerosis
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Case 3

Atypical papilloma (papilloma with ADH or papilloma with DCIS). (a) Spot compression view of
a screening detected irregular mass with indistinct margins in a 68-year-old woman. (b) Targeted
sonography reveals an oval mass with nearly circumscribed margins. Given the mammographic
appearance, and that the lesion was new, this was considered BI-RADS 4 lesion and core biopsy
was done. (¢) Needle core biopsies show a papilloma with epithelial hyperplasia. (d) At higher
magnification, note the area of atypia, with round, uniform cells, oriented around microlumens. If
such area is less than 3.0 mm, it is termed papilloma with ADH; if greater than or equal to 3 mm it
is termed papilloma with DCIS. Excision of the lesion confirmed the atypical papilloma
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Case 4

a

Atypical subareolar papilloma. (a—c, arrows) 63-year-old woman with a biopsy-proven cancer
(arrowheads) and an additional subareolar mass. (d) Needle core biopsies show a papilloma with
florid usual ductal hyperplasia. (e) Focal atypical ductal hyperplasia is also noted, consistent with
atypical papilloma
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Case 5

. ey
SraaER

Papillary carcinoma in situ. (a) Spot tangential mammographic view demonstrates multiple palpable
lobulated subareolar masses deep to the metallic BB in this 50-year-old patient. (b) Ultrasound showed
cystic masses with intervening dilated ducts (not shown). Biopsy of this, the largest mass, is done. (¢)
Needle core biopsies show a portion of fibrous wall and the intra-cystic papillary epithelial proliferation.
(d) The uniform hyperchromatic epithelial cells with nuclei oriented perpendicular to the axis, the appar-
ent lack of myoepithelial cells and scant stroma favor papillary carcinoma, at least in situ. (e) Excision
showed papillary DCIS. Note the intraductal proliferation of uniform cells around very thin fibrovascular
stalks. (f) Rare p63- positive myoepithelial cells (arrow) are seen only at the periphery of the lesion
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Case 6

Papillary carcinoma in situ. (a) 59-year-old woman with a palpable mass containing calcifica-
tions and adjacent grouped calcifications. (b) Irregular mass (rather than the calcifications)
was chosen for biopsy to increase likelihood of sampling invasive disease and thereby upstag-
ing disease prior to definitive treatment. (¢, d) Needle core biopsies show an intraductal prolif-
eration with focal area of stromal hyalinization. (e) The epithelial proliferation creates a
predominant solid appearance. The presence of rare thin fibrovascular cores suggest a papillary
carcinoma. (f) The p63 stain is negative for myoepithelial cells within the lesion but focally
positive for rare myoepithelial cells at the periphery consistent with papillary carcinoma in situ



178 P.A.Shah et al.

Case7

Papillary carcinoma. (a) 77-year-old woman with a palpable mass containing calcifications at prior
lumpectomy site, marked on skin with metallic BB. Overlying skin retraction is from surgical scar-
ring. Vascular calcifications were incidentally noted (arrowheads). (b) Lobulated complex solid
and cystic mass seen on ultrasound; echogenic foci are calcifications (arrow). (¢ and d) Needle
core biopsies show carcinoma with solid areas arranged around arborizing, thin fibrovascular cores
and collagenized stroma. Tissue fragmentation is sometimes noted. (e) The epithelial cells have
distinct borders, amphophilic cytoplasm, round nuclei with moderate pleomorphism, and mitoses.
(f) The p63 stain highlights rare myoepithelial cells only at the periphery of the lesion (arrow)
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Case 8

Left Subareolar TRY

Ductal carcinoma in situ, micropapillary type. (a) CC and MLO screening mammographic views
of the left breast in a 70-year-old woman demonstrate increased density in the retroareolar region;
this was a developing asymmetry when compared with prior exams. (b) Targeted ultrasound
showed duct ectasia; a mass (¢) was targeted for core needle biopsy. (d—e) Needle core biopsy
shows dilated ducts with small proliferations of uniform cells and central necrosis. At higher mag-
nification, note the intraductal epithelial projections which are narrower at the base than apex
consisting of uniform cells with no fibrovascular core (micropapillary architecture). The findings
are consistent with micropapillary intraductal carcinoma. (f) Excision of the lesion showed similar
histologic findings. (g) The p63 stain highlights the preserved peripheral myoepithelial cells
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Proliferative and in situ Ductal
and Lobular Breast Lesions

Priti A. Shah and Valentina Robila

Clinically speaking, proliferative lesions may be divided into three broad catego-
ries: those that are benign and warrant no further intervention, “high-risk” lesions
that either are associated with an increased risk of being upstaged to malignancy at
excision or increase a patient’s lifetime risk, and those that are malignant, requiring
excision with clear margins and likely further treatment such as radiation and/or
adjuvant chemotherapy.

Benign Proliferative Lesions

Some benign proliferative lesions commonly fall under the umbrella of fibrocystic
changes (FCC), a wide spectrum of entities best described in detail histologically.
Some people use the term “fibrocystic disease”, however, this is in a way a misno-
mer, since it is not a disease to be diagnosed or treated; rather, fibrocystic changes
are those that breast tissue undergo in response to mostly physiologic and hormonal
influences throughout a lifetime and, accordingly, are unequivocally benign [1, 5].

Although a “grab bag” of terms, specific entities under the umbrella of FCC have
certain predictable appearances on imaging that may allow us to avoid unnecessary
follow-ups or biopsies [5]. Some examples are presented below.

e Cysts—since mammography does not discern between solid and fluid-filled
masses, a cyst is best diagnosed at ultrasound. However, the low density and
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Fig. 8.1 Cyst (a) Spot tangential compression mammographic view of a palpable “lump” reported
by this 45-year-old patient (the site of which is marked with a metallic BB on the skin) shows an
equal density mass (between arrows) with partially circumscribed and obscured margins. (b) Targeted
ultrasound demonstrates a cyst, defined as such because it is anechoic with circumscribed margins,
has barely perceptible walls, and demonstrates posterior acoustic enhancement (between arrow-
heads). This is benign and warrants no further intervention if the patient is otherwise asymptomatic

circumscribed margins of a mass on X-ray may portend this diagnosis, and its
absence of internal echoes (“anechoic”), barely perceptible walls, and increased
transmission of sound waves posteriorly sonographically (“enhancement”) is
confirmatory (Fig. 8.1). As cysts are benign and may fluctuate in size or disap-
pear as a result of hormonal influences, and 30-80% of cysts may recur once
drained, we do not typically recommend aspiration or excision of simple cysts
unless they cause significant discomfort [2, 3, 18]. It has been observed that
injection of air into the cyst after drainage may be associated with decreased
recurrence rates [3, 18].

* Apocrine metaplasia—The diagnosis is suggested mammographically by
groups of calcifications that appear round or amorphous (“smudgy’) on a cra-
niocaudal (top to bottom) view, but curvilinear (concave up) or linear on a lat-
eral (side to side) view (Fig. 8.2). This change in appearance is pathognomonic
for milk of calcium and is due to the layering or sedimentation of calcium in
suspension in the fluid of micro- or macrocysts. When viewed in the side-to-
side projection, the calcifications appear like a meniscus, mimicking a “teacup.”
Sonographically, apocrine metaplasia may present as clustered microcysts with
thin septa (Fig. 8.2) [2].

o Sclerosing adenosis, ductal hyperplasia (without atypia), columnar cell
changes—may appear as grouped or diffusely distributed punctate or amorphous
calcifications (Fig. 8.3), sometimes with associated masses. Typically, for most
morphologies of calcifications, more diffuse and bilateral calcifiations are more
likely to reflect benign fibrocystic changes [14]. If isolated, new, or increasing,
work-up, follow-up, and/or biopsy may be warranted for confirmation.
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Fig. 8.2 Clustered cysts/apocrine metaplasia (a) Clusters of microcysts separated by thin septa
(arrows) seen at ultrasound. (b and ¢) Different patient with milk of calcium seen mammographi-
cally; the change in form of calcifications from amorphous on the craniocaudal view to linear or
curvilinear in the lateral-medial projection is pathognomonic for this benign process. (d) Cysts
lined by apocrine cells, with ample eosinophilic cytoplasm and uniform nuclei. Apocrine metapla-
sia is often associated with calcium oxalate (not shown), best seen with polarization

Fig. 8.3 Benign amorphous calcifications, spot compression magnification views. (a) Biopsy in
this 46-year-old yielded fibrocystic change including sclerosing adenosis, columnar cell change,
and pseudoangiomatous stromal hyperplasia. (b) Calcifications were associated with benign breast
tissue on histology in this 53-year-old
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* Duct ectasia—may appear as large (>2-3 mm), rod-like, solid, linear and branch-
ing calcifications mammographically (Fig. 8.4); these are intraductal and the
result of inspissated secretions (and therefore debunk the mammography myth
that all linear/intraluminal calcifications signify DCIS). On ultrasound, one may
see dilated, fluid-filled ducts that taper normally.

e Periductal/stromal fibrosis—associated calcifications may appear linear or “jag-
ged,” since they are extraductal (Fig. 8.5) if in the walls of the ducts, there may

Fig. 8.4 Duct ectasia,
plasma cell mastitis. Large
rod-like calcifications are
intraductal, the result of
inspissated secretions

Fig. 8.5 Stromal fibrosis. (a) Coarse heterogenous and linear calcifications in a 50-year-old
woman. (b) A round mass with indistinct margins on baseline screening mammogram and subse-
quent targeted ultrasound (c¢) in a 59-year-old. The mass appeared nearly anechoic (cystic), but

when aspiration yielded no fluid (not shown), core biopsy of this solid mass was undertaken.
(d) The needle core biopsy shows diffuse stromal fibrosis and focal microcalcifications (arrows)
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be a central linear lucency. Stromal fibrosis may present as an oval or irregular
hypoechoic mass sonographically (Fig. 8.5).

High-Risk Lesions

These entities incur increased future lifetime risk, or have potential to be upstaged
to malignancy at excision. Management is controversial. Whether or not these
lesions are excised, patients may undergo additional screening and/or (endocrine)
chemopreventive measures based on their cumulative lifetime risk of breast cancer.
If resected, susbsequent radiation treatment is not indicated for these lesions (unless
upstaged to cancer at surgery).

e Atypical ductal hyperplasia (ADH)/flat epithelial atypia (FEA)—most com-
monly diagnosed in the work-up of calcifications (often punctate, amorphous).
These entities can coexist in a spectrum of proliferative changes from (usual)
hyperplasia to low-grade DCIS; upstage rates to malignancy ranging from 11
to 62% [6, 7, 10, 19]. We recommend excision as definitive treatment. Patients
with ADH are considered at intermediate risk (15-20% lifetime risk) for future
breast cancer [8].

* Lobular neoplasia: atypical lobular hyperplasia (ALH), lobular carcinoma in
situ (LCIS)—these are proliferative processes of the lobules and are most com-
monly incidental findings on imaging-guided core needle biopsies; in other
words, they have no associated radiological appearance or “classic” finding.
Despite the name (another unfortunate misnomer), LCIS is considered a risk
factor for future malignancy (in either breast) rather than a malignancy (or
pre-malignancy) itself [9, 20, 21]. Historically, its management has therefore
been one of the most controversial in breast health, ranging from no action to
surgical excision. Our practice is mixed, but several of us recommend exci-
sion after a core biopsy yielding LCIS.

* Radial scar/complex sclerosing lesion—may be diagnosed at core biopsy of
architectural distortion, with or without calcifications, seen mammographi-
cally (Fig. 8.6). These are distinguished by size, with radial scar less than
Icm in size, and complex sclerosing lesion larger than lcm. The former
may be found incidentally on histology; even if larger than lcm, these
lesions are usually not palpable and may be sonographically occult. Despite
the word “scar,” these are unrelated to prior trauma. Distorted ducts with a
central fibroelastoic core are seen histologically. As up to 50% of these can
be associated with atypia or upstaged to intraductal or invasive carcinoma,
excisional biopsy is recommended; however if found incidentally micro-
scopically for an otherwise benign process, some advocate follow up alone
[5, 11,12, 13].
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Fig. 8.6 Complex sclerosing lesion/radial scar. 54-year-old woman recalled from screening mam-
mogram (a) CC and (b) MLO spot compression magnification views confirming architectural dis-
tortion (“straightening” of parenchymal contours, arrows) and associated amorphous calcifications.
The distortion was biopsied under stereotactic guidance as no ultrasound correlate could be identi-
fied. (¢) Needle core biopsy shows a complex sclerosing lesion. Note the central scar with entrapped
benign glands. The radiating ductal structures show dilation and focal usual ductal hyperplasia
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Ductal Carcinoma In Situ

As mentioned in Chap. 1, the introduction of a routine, annual screening mammog-
raphy program drastically increased the diagnoses of ductal carcinoma in situ
(DCIS) in the United States. This “epidemic” was due to the ability to detect with
mammography microcalcifications associated with this process. As its name
implies, the neoplastic cells in DCIS are contained within the duct lumen, bound by
the myoepithelium. As these cells multiply, outgrow their vascularity, and undergo
necrosis, this cellular debris calcifies. Since the calcifications form amidst irregular
cells and debris, they too are small and irregular (“fine and pleomorphic” by the
BI-RADS lexicon); still confined to the duct, the calcifications themselves may be
linear in shape or “line up,” following the ductal distribution, visible as fine linear
and branching forms mammographically (Fig. 8.7). Of the BI-RADS morphology
descriptors for calcifications, these have the highest likelihood of malignancy (53—
81%) [14] and are associated with higher nuclear grade and comedonecrosis. Lower
grades may manifest with punctate or amorphous forms (Fig. 8.7); it is also
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Fig. 8.7 (a) Fine linear or fine-linear branching calcifications are the “buzzwords” for DCIS (typ-
ically high nuclear grade, with comedonecrosis and resultant “casting” of the ducts), as in this
69-year-old woman. (b) Grouped fine pleomorphic calcifications, as in this 63-year-old patient,
suggest a lower histologic grade of DCIS. (¢) Ductal carcinoma in situ. Note the dilated duct filled
with uniform cells forming “punched out” spaces, characteristic of cribriform architecture. (d)
The nuclei are small, round, uniform with inconspicuous nucleoli, characteristic of low grade
DCIS. Mitoses are not identified. Note the associated microcalcifications
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important to note that not all DCIS calcifies; and though less common, other radio-
graphic findings may include ductal dilation, parenchymal asymmetry, architectural
distortion, or a mass. DCIS may also be found histologically in the absence of radio-
logical findings.

RT 9.00 SUBA PALP TRV RT 5:00 2CNFN PALP LONG AT 9:00 SCHFN PALP TRV RT 5:00 12CHFN PALP TRV

Fig. 8.8 Extensive ductal carcinoma in situ, nuclear grade 3, with comedonecrosis. (a) Standard CC
and MLO views of the right breast show increased density and segmentally distributed calcifications
in the outer central aspect, anterior half (arrows). and increased trabecular markings extending to the
pectoralis major suggestive of edema (arrowheads). This 32-year-old had reported pain and “swell-
ing”; on physical exam there was bulging and peau d’orange change laterally with nipple retraction
and discharge on expression. (b) Spot compression magnification view better shows the calcifications
as fine and pleomorphic with amorphous, coarse, heterogeneous, and linear forms. (¢) Multiple ultra-
sound images along the 9 o’clock axis from the subareolar region posteriorly show dilated ducts
containing echogenic foci (calcifications, arrows). An irregular mass (arrowhead) with indistinct
margins is also seen, suggestive of invasive disease. (d) Ductal carcinoma in situ, high nuclear grade.
The intraductal proliferation is associated with extensive central necrosis. (e) The epithelial cells
show high grade pleomorphic nuclei with coarse chromatin and prominent nucleoli
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Fig. 8.9 Non-mass enhancement, ductal carcinoma in situ. (a) Sagittal and (b) axial images post
contrast subtraction MRI images demonstrate clumped and linear enhancement (arrows) in the
right breast, extending toward the nipple

Sonographically, malignant-type calcifications may be identified if using
careful technique; their conspicuity is increased in the setting of dilated ducts
(Fig. 8.8). Intraductal soft tissue filling defects may also be seen. However, ultra-
sound is not routinely used in the work-up of calcifications suggestive of DCIS
unless there is an associated finding (ductal dilation, asymmetry, distortion, or
mass) that would suggest invasive disease and therefore be a target for ultra-
sound-guided biopsy.

Lower-grade DCIS may not enhance on MRI as avidly as higher grades. As
expected given the absence of a mass on mammogram or ultrasound, enhancement
may be in a “non-mass” configuration, for example, clumped and linear in a seg-
mental fashion, or in clustered rings representing ductal wall enhancement, follow-
ing the ductal distribution (Fig. 8.9) [15].

Paget disease of the nipple, albeit rare, may have no imaging correlate in up to
50% of patients; when visible, findings include those of DCIS and/or invasive dis-
ease (such as duct ectasia, distortion, non-mass enhancement, mass, or focal asym-
metry), and possibly thickening, retraction, and abnormal MRI enhancement of the
nipple itself [16, 17].
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Invasive Carcinomas

Hetal Vachhani, Priti A. Shah, Valentina Robila,
and Michael O. Idowu

There are several histologic subtypes of invasive carcinoma of the breast,
including, but not limited to the following: invasive carcinoma of no special
type (commonly known as invasive ductal carcinoma); invasive lobular carci-
noma; tubular carcinoma; carcinoma with medullary features (sometimes
called medullary carcinoma); and metaplastic carcinoma. Invasive (or infiltrat-
ing) ductal carcinoma (IDC) accounts for the majority (approximately 75%) of
breast cancers, with invasive lobular carcinoma (ILC) accounting for 5-15%.
Ultimately, management and prognosis are based on size, grade, predictive
marker status, molecular phenotype, tumor biology, nodal status, and distant
metastasis.

More aggressive, rapidly growing high nuclear grade IDCs, often triple nega-
tive cancers, tend to be expansile, round, or oval masses on imaging, mimicking
some benign masses. They may be dense radiographically with nearly circum-
scribed margins; sonographically they may be nearly anechoic but should not be
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Fig. 9.1 Invasive ductal carcinoma, high nuclear grade. (a) Ultrasound shows a nearly anechoic,
“cystic” appearing mass; however, its microlobulated borders and density mammographically (b)
portend a more suspicious etiology in this 42-year-old woman. A metallic BB placed on the overly-
ing skin indicates this is palpable to the patient. (¢) Pre-contrast sagittal T2-weighted (fluid-
sensitive) MRI image shows increased signal around the mass (peritumoral edema) and centrally
in the mass (between arrows) that corresponds absence of enhancement on axial post-contrast
imaging (d), reflecting central necrosis

mistaken for a cyst (Fig. 9.1). On MRI, these masses may demonstrate heteroge-
neous or peripheral enhancement, sometimes with central nonenhancement and
T2 hyperintensity (“fluid” signal) that may reflect central necrosis, and peritu-
moral edema. In contrast, low nuclear grade IDCs more commonly present as
ill-defined masses with spiculated margins or architectural distortion; the spicules
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are indicative of its slower, more infiltrative growth pattern, “creeping” along tis-
sue planes and disrupting ligaments (Fig. 9.2). Some of the “mass” on imaging
may be part of a fibrotic or a desmoplastic reaction, rather than viable tumor.
While low-grade carcinomas enhance on MRI, contrast uptake may be non-mass
(i.e., it does not conform to the definition of a mass; it may be a “region” of
enhancement) in appearance and less avid than that of a higher-grade tumor.
Malignant-type calcifications seen radiographically in association with a mass
suspicious for IDC may reflect associated ductal carcinoma in situ; these may
extend a distance away from the mass such that additional biopsy may be needed

Fig.9.2 Invasive ductal carcinoma, low nuclear grade. (a) Screening mammogram in this 41-year-
old woman shows architectural distortion (arrows) in the upper central aspect of the left breast—
“straightening” of the parenchymal lines. (b) On ultrasound of the upper inner and outer quadrants,
multiple areas of ill-defined hypoechogenicity and disruption of tissue planes are seen, without an
expansile mass. (¢) Post-contrast axial MRI image demonstrates non-mass enhancement occupy-
ing the majority of the parenchyma in the upper quadrants (arrow); the normal right breast is
shown for comparison
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Fig. 9.2 (continued)

to confirm extent of disease for surgical planning (malignant-type calcifications
themselves are not seen on MRI).

Mucinous and papillary carcinomas, seen more commonly in postmenopausal
women, are less aggressive and metastasize less frequently than IDC, providing for a
better prognosis. This may seem counterintuitive as these masses are classically
described as “large” and expansile; however, their size comes from their internal matrix.
On imaging, these are typically round or oval lobulated masses, and their echogenicity
can help predict their histology (Figs. 9.3 and 9.4). Mucinous carcinomas tend to be iso-
to slightly hyperechoic and are slow growing. Papillary carcinomas are typically com-
plex solid and cystic and may grow more rapidly depending in part on the cystic
component but may also be spiculated and solid. The mucin and fluid in these masses,
respectively, also contribute to T2 hyperintensity (fluid signal) on MRI. Additionally,
non-enhancing septa may be seen in mucinous cancers, compared with the enhancing
solid portions of the vascular papillary carcinoma. Although these may present as large
masses, the imaging features should supersede size when trying to confirm radiologic-
pathologic concordance; all cancers have a starting point and may be found in early
stages when still small. Papillary carcinomas are further described in the chapter
“Papillary Lesions.” Tubular carcinomas tend to be small (< 1 cm) masses with spicu-
lated margins, or areas of distortion, and are also slow growing. Histologically they may
be associated with radial scars or complex sclerosing lesions, which is why excision is
recommended for these high-risk lesions if found on imaging-guided core biopsy.
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Fig. 9.3 Mucinous carcinoma in an 80-year-old woman. (a) Spot compression view after
screening callback shows a round equal-density mass with mostly circumscribed and some
indistinct margins. (b) On ultrasound this was an iso- to slightly hyperechoic mass (between
arrows), relative to subcutaneous fat. (¢) Pre-contrast sagittal T2-weighted (fluid-sensitive)
MRI image shows a mass of increased signal intensity (arrow) that corresponds to a peripher-
ally enhancing mass on post-contrast images. (d) The central portion of the mass is mucin,
which itself does not enhance

Metaplastic carcinomas are rapidly growing masses with a worse prognosis, with
axillary or distant (including hematogenous) metastases possible at the time of diag-
nosis (Fig. 9.5). By imaging they may be indistinguishable from a high nuclear
grade IDC NOS, but histologically they are comprised of glandular, squamous or
mesenchymal elements.

Invasive lobular carcinoma (ILC), which represents about 10% of all breast
cancers, is more common in postmenopausal women and is slow growing.
Radiographically, ILC may appear as an area of architectural distortion,



196 H. Vachhani et al.

Fig. 9.4 Papillary carcinoma in an 84-year-old woman. (a) Spot tangential mammographic view
shows an equal-density oval mass with circumscribed and lobulated margins and associated and
adjacent coarse calcifications. (b) Orthogonal ultrasound images demonstrate a complex solid
(arrows) and cystic (arrowheads) mass. The solid portion was targeted for ultrasound-guided nee-
dle biopsy. Although at core biopsy a papillary lesion with involvement by ductal carcinoma in situ
was identified, invasive disease was found at lumpectomy. Intraductal and invasive papillary carci-
noma may be indistinguishable on imaging
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Fig. 9.5 Metaplastic carcinoma. (a) A 50-year-old woman presenting with a palpable mass in the
outer central aspect of the left breast (arrows) and palpable axillary adenopathy (arrowhead). (b)
3-D maximum intensity projection reconstructions from a PET/CT scan show persistent disease in
the breast (arrow) and to a lesser degree in the axilla (arrowhead) 7 months into chemotherapy and
(c) progression of metastases at 11 months despite mastectomy, axillary dissection, and additional
chemotherapy

developing asymmetry, or mass with spiculated margins, rather than an expans-
ile mass, alluding to its more indolent, “single-file” cell growth pattern. Also
because of its histology, ILC may be planar, seen better in one plane (classically
the craniocaudal projection) than the orthogonal. Sonographically, these may be
quite ill-defined masses with disruption of tissue planes and intense posterior
acoustic shadowing, or vague areas of architectural distortion (Fig. 9.6). One
uncommon exception is pleomorphic ILC, an aggressive subtype that manifests
as an expansile mass, and is treated like a high nuclear grade IDC (Fig. 9.7). ILC
may also present with diffuse changes (edema) in the background of an enlarg-
ing or shrinking breast.
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Fig.9.6 Invasive lobular carcinoma. (a) Spot compression CC and MLO views done in a 68-year-
old woman recalled from a screening mammogram show architectural distortion, “straightening”
of the parenchymal lines (arrows). (b) Sonographically, ill-defined hypoechoic to nearly anechoic
tissue with echogenic peaks (arrows) that disrupt tissue planes, and posterior acoustic shadowing,
all confirmed in orthogonal planes, reflects the distortion seen radiographically

In patients in whom a suspicious mass is seen mammographically, sonogra-
phy allows for further characterization and biopsy guidance, as well as the
opportunity to evaluate the axilla for evidence of lymph node metastasis. As
with calcifications, biopsy of the mass can be done with a needle under imaging
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Fig.9.7 Invasive lobular carcinoma, pleomorphic type. (a) Diagnostic mammogram in a 65-year-
old woman with a “lump.” There is skin thickening and retraction overlying the mass (arrows). (b)
Skin involvement is confirmed on ultrasound, as this heterogeneous mass is inseparable from the
deep dermal layer (arrows). (¢) Post-contrast axial MRI image showing an irregular mass with
thick rim enhancement extending to the skin. Lobular carcinoma rarely presents as an expansile
mass, except for this aggressive subtype that clinically mimics a grade 3 invasive ductal
carcinoma

guidance, or surgically. However, the former is preferred in the majority of
cases as it is far less invasive, does not require sedation or special patient prepa-
ration (e.g., withholding of anticoagulation), costs less, and can allow for appro-
priate staging and surgical planning prior to definitive treatment. A metallic clip
placed in the mass at the time of biopsy is most useful if the treatment plan
includes neoadjuvant chemotherapy that will shrink the lesion to the point that
it is occult on preoperative imaging or wire/seed localization; in our experience,
in patients in whom lumpectomy (partial or segmental mastectomy) is a first-
line treatment because of smaller lesion size (or patient preference), the tumor
is still visible on imaging for preoperative localization on or shortly before the
day of surgery regardless of a clip. Ultrasound-guided core-needle biopsy (or
fine needle aspiration) of axillary adenopathy can be also done in the same set-
ting as for the primary breast mass, providing the surgeon and oncologist addi-
tional information with regard to staging. A positive lymph node can also be
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marked with a clip so that surgical excision can be confirmed with a specimen
radiograph.

Once a diagnosis of breast cancer is confirmed by imaging-guided core-
needle biopsy, MRI may be used to evaluate the extent of disease to aid in
treatment planning. The sensitivity of MRI is higher than that of mammogra-
phy or ultrasound, some reporting as high as 100% for invasive cancer, and the
cancer detection rate is nearly double that of mammography and ultrasound
combined, resulting in detection of additional disease that changes manage-
ment in up to 20% of patients, most commonly shifting from breast-conserving
treatment (BCT; lumpectomy and radiation) to mastectomy. This includes find-
ing multifocal or multicentric disease in up to 10-25% and contralateral dis-
ease in up to 6%. However, the use of MRI remains controversial because there
is also data showing that this test does not significantly improve re-excision or
local recurrence rates, suggesting that surgical planning is adequately guided
by mammography and ultrasound and that any “undetected” or residual disease
after lumpectomy may be treated by subsequent breast radiation and systemic
adjuvant chemotherapy without negatively impacting survival. Moreover, by
current data, the conversion rate of lumpectomy to mastectomy based on addi-
tional MRI findings seems to outnumber the recurrence rates in patients who
undergo BCT without a preoperative MRI. Therefore, some have suggested
that the additional MRI findings may not lead to future “biologically signifi-
cant” disease.

These arguments are somewhat counterintuitive for many reasons encountered
in day to day practice, one being the principle of confirming the extent of disease
suspected on routine imaging, namely, mammographically or sonographically. For
example, if a patient has several centimeters of segmentally distributed suspicious
calcifications, the accepted practice is to biopsy 2 sites, the two extremes in terms
of location, that are far enough away from each other to “prove” that all of the
involved and intervening tissue must be resected. Or if multiple separate, suspi-
cious masses are seen on sonography, biopsy of more than 1 is typically done to
prove multifocal or multicentric disease, and guide excision, if a patient desires
breast conservation treatment. So if we are actively seeking out and biopsying
additional disease to develop a complete, definitive treatment plan, one could argue
that an MRI, which is more sensitive, is in keeping with this practice of establish-
ing extent of disease. Many use the aforementioned argument that MRI-detected
disease is not biologically significant; however, one could also counter that MRI-
detected disease is biologically significant because its detection relies on proper-
ties unique to cancer: neovascularity and vascular permeability (tumor
characteristics that result in the rapid, avid uptake of contrast). laconni et al.
reported that MRI-detected multicentric disease was invasive in 76% of their
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studied patients, and larger than 1 cm or the index cancer in up to 25%, suggesting
biological relevance.

Moreover, patients are routinely taken back to the operating room for re-excision
in the case of positive surgical margins, regardless of the use of preoperative MRI. If
the disease potentially “left behind” that would be found by MRI is of no conse-
quence, treated effectively with radiation and chemotherapy, at no detriment to sur-
vival, why incur the additional cost, risk, and recovery of another surgery for
re-excision of disease “left behind” in the setting of positive margins?

In this vein, surgical practices and breast-conserving treatment plans are evolv-
ing, such as more precise excisions with smaller volumes (margins) of tissue
removed, multiple lumpectomies for multicentric disease (previously, multicentric
disease was a contraindication to BCS), advanced oncoplastic reconstructive tech-
niques, accelerated partial breast irradiation (versus whole breast irradiation), and
use of recurrence risk assessment scores that may obviate the need for adjuvant
chemotherapy. Therefore, the case could be made for using the most sensitive meth-
ods to accurately measure disease burden and exclude other sites of cancer preop-
eratively, thereby allowing for a more precise, patient-specific treatment plan before
definitive surgery. Needless to say, these issues do not address the impact of preop-
erative MRI on detection of contralateral disease that could be treated simultane-
ously as the index lesion.

To address some of the controversies and conflicting data, at this time a multi-
center, randomized controlled trial is in place to determine the effect of preoperative
MRI with regard to staging and local regional control, with attention also on cost-
effectiveness, quality of life, re-excision rates, and disease-free survival, among
many other objectives.

In the meantime, in practice, while some advocate breast MRI should be done in
all newly diagnosed patients, practice variations (and preferences of patients, sur-
geons, and oncologists) may focus efforts for MRIs in patients with cancer who are
high risk, have dense breast tissue, and have triple negative disease or DCIS (given
that it can be discontinuous and uncalcified), or ILC (which, due to its ill-defined
appearance, can be underestimated with regard to size even on ultrasound and can
have up to 30% risk of synchronous or contralateral disease). Additional suspicious
lesions found on MRI should be worked up with a biopsy to help determine if the
patient is still a candidate for breast conservation treatment.

Chapter 2 of this text contains some discussion on the pathology approach to
diagnosis of invasive carcinomas. All invasive carcinomas of the breast must be
staged based on the most current AJCC Cancer Staging Manual. Selected radiologic-
pathologic correlation of invasive carcinomas is highlighted below.
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Case 1

Invasive ductal carcinoma, low nuclear grade. (a) Screening mammogram in a 41-year-old woman
shows architectural distortion (arrows) in the upper central aspect of the left breast—"straightening”
of the parenchymal lines. (b) On ultrasound of the upper inner and outer quadrants, multiple areas
of ill-defined hypoechogenicity and disruption of tissue planes are seen, without an expansile
mass. (¢) Invasive ductal carcinoma. Epithelial cells in nests, cords, and tubules infiltrate a desmo-
plastic stroma. (d) The low-grade nuclei show minimal pleomorphism and uniform chromatin
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Case 2

Invasive ductal carcinoma, low nuclear grade with neuroendocrine differentiation. (a) Spot tangen-
tial view of a palpable “lump” (marked on skin with a metallic BB) in a 62-year-old woman. The
mass is irregular, with high density and with indistinct and spiculated margins. (b) Orthogonal
ultrasound images show similar features. In addition, there is disruption of normal tissue planes
and the mass approaches the skin (arrow). (¢ and d) Core-needle biopsy with infiltrating cells in
solid nests/insular pattern with focal peripheral palisading, low nuclear grade, and fine chromatin.
Necrosis is not identified. (e) The cells are diffusely positive for synaptophysin. (f) Expression of
E-cadherin is preserved. The p63 stain was negative (not pictured)

»
»

Invasive ductal carcinoma, high nuclear grade. (a) A 54-year-old woman with a palpable (desig-
nated by metallic BB) nodular asymmetry in the upper outer quadrant of the right breast, which
corresponds to an irregular, nearly anechoic but solid mass with angular and indistinct margins on
ultrasound (b) and an irregular mass with heterogeneous enhancement on MRI (¢, arrow). (d)
Epithelial cells in small solid nests and cords infiltrate the desmoplastic stroma. (e) The high grade
nuclei show pleomorphism and visible nucleoli
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Case 3
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Invasive ductal carcinoma, intermediate nuclear grade with apocrine features. (a) CC and (b) MLO
spot compression views of a mass (arrow) in the right breast in a 62-year-old woman with known
locally advanced left breast cancer (not shown). (¢) Targeted ultrasound shows a nearly anechoic
mass. Because it is not clearly a cyst, biopsy is done. (d and e) Note the cells with abundant granu-
lar, eosinophilic cytoplasm, and mildly pleomorphic round nuclei with prominent nucleoli

Invasive ductal carcinoma, intermediate nuclear grade, with mucinous features/mucinous carci-
noma. (a) An 80-year-old woman with a history of right lumpectomy and radiation for breast
cancer, with new subcentimeter round mass with partially circumscribed and indistinct margins
found in the left breast on annual mammogram. (b) Targeted ultrasound shows an isoechoic to
slightly hyperechoic mass (between arrows) with circumscribed margins. (¢) Central nonenhance-
ment on the MRI with corresponding increased T2 (fluid) signal (d) reflects mucin (arrows). (e and
f) Core-needle biopsies show nests of epithelial cells in pool of extracellular mucin, consistent with
mucinous carcinoma. (g and h) Mucinous carcinoma in the excision specimen shows epithelial
cells in in pool of extracellular mucin. A pure mucinous carcinoma must composed of more than
90% mucinous carcinoma, making the diagnosis difficult sometimes on core needle biopsy as the
entire lesion is cannot be evaluated
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Case 5
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Invasive carcinoma with squamous features. (a) A palpable mass with mostly circumscribed mar-
gins and coarse calcifications is marked with an overlying metallic BB in this 87-year-old woman.
(b) Complex solid and cystic mass is seen sonographically; ultrasound-guided biopsy targeted the
solid (deeper) portion. (¢ and d) Invasive carcinoma shows extensive squamous features. This is a
variant of metaplastic carcinoma
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Case 7
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Invasive ductal carcinoma, with lobular features. (a and b) CC and MLO spot compression views of
a screening detected mass in a 64-year-old woman. The irregular mass is developing at the edge of
the parenchyma in the right breast and has spiculated margins. (¢ and d) Orthogonal ultrasound
images confirm an irregular mass (arrows) with indistinct margins and heterogeneous echogenicity
and that disrupts tissue planes. (e and f) Core-needle biopsies show invasive carcinoma, with cells
infiltrating as nests, as well as individual cells in linear distribution. (g) Similar histological features
are seen in the excision specimen. (h) The e-cadherin stain is diffusely positive, arguing against
invasive lobular carcinoma
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Case 8

Invasive ductal carcinoma, high nuclear grade. (a) A 65-year-old woman with a round mass (arrows)
in the retroglandular fat detected on screening mammogram. (b) Ultrasound shows an irregular,
hypoechoic mass with mostly circumscribed and few indistinct margins. Posterior acoustic enhance-
ment (between arrows) is nonspecific; this should not be mistaken for a complicated cyst. (¢ and d)
Core biopsy: invasive ductal carcinoma, high nuclear grade, with papillary architecture. (e and f)
Histologic variant of IDC, high nuclear grade with invasive ductal carcinoma consisting of solid
nests of tumor cells with pleomorphic nuclei with coarse chromatin and prominent nucleoli
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Case 9
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Invasive ductal carcinoma, high nuclear grade (micropapillary type). (a) Spot compression view of
a screening detected irregular mass with partially circumscribed and spiculated margins, in a
51-year-old woman. The mass is just anterior to the pectoralis major. (b) Similar features are seen
on ultrasound. (¢) Needle core biopsy shows invasive ductal carcinoma with micropapillary archi-
tecture: with morular-like or nest of cells without fibrovascular core, surrounded by empty stromal
spaces. The empty stromal spaces are likely fixation artifact and not lymphatic spaces. (d) Same
micropapillary features are seen in the surgical excision specimen. (e) This variant of invasive
carcinoma is often associated with lymph node metastasis
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Case 10

Diffuse, locally advanced invasive ductal carcinoma. (a) Diagnostic mammogram in a 64-year-old
woman shows the right breast is shrunken, retracted, and edematous with skin and trabecular thick-
ening. There is also global parenchymal asymmetry, on which malignant-type calcifications are
superimposed. A second primary is seen as a low-density mass in the upper outer quadrant poste-
riorly (arrow). Axillary adenopathy is partially imaged (arrowhead), but evaluated sonographi-
cally and subsequently biopsy proven to be metastatic (not shown). (b and ¢) Invasive ductal
carcinoma with pleomorphic nuclei with coarse chromatin and mitoses (arrow)
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Case 11

Papillary carcinoma. (a) A 77-year-old woman with a palpable mass containing calcifications at
prior lumpectomy site, marked on skin with metallic BB. Overlying skin retraction is from surgical
scarring. Vascular calcifications incidentally noted (arrowheads). (b) Lobulated complex solid and
cystic mass seen on ultrasound; echogenic foci are calcifications (arrow). (c—e) Needle core biop-
sies show carcinoma with solid areas arranged around thin fibrovascular cores and collagenized
stroma. The circumscribed border is characteristic of solid intraductal papillary carcinoma. Tissue
fragmentation is sometimes noted. The p63 stain highlights rare myoepithelial cells at the periph-
ery (arrow)
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Case 12

Invasive lobular carcinoma. (a) Screening mammogram in a 56-year-old woman. Prior lumpec-
tomy changes in the left breast include smaller size, skin retraction, and architectural distortion
amid and inferior to vascular clips (arrowheads). (b) Palpable developing asymmetry (increasing
density amidst the clips) at and inferior to lumpectomy site 1 year later. (¢ and d) Core-needle
biopsies show solid sheet of discohesive cells, some of which are plasmacytoid (arrows). (e)
Invasive lobular carcinoma may infiltrate as small nests in the breast adipose tissue. (f) Tumor cells
are usually discohesive and low nuclear grade with single file infiltrative pattern in stromal fibrous
tissue (and no desmoplasia), characteristic to lobular carcinoma. The tumor often has a concentric
pattern around normal duct (not shown)
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Case 13

Invasive lobular carcinoma, pleomorphic type. (a) Diagnostic mammogram in a 65-year-old woman
with a “lump.” There is skin thickening and retraction overlying the mass (arrows). (b) Skin involve-
ment is confirmed on ultrasound, as this heterogeneous mass is inseparable from the deep dermal layer
(arrows). (c) Post-contrast axial MRI image showing an irregular mass with thick rim enhancement
extending to the skin. (d and e) Core-needle biopsies show high nuclear grade invasive carcinoma with
eccentrically placed nuclei (arrow), infiltrative patterns and apparent discohesion, suggestive of pleo-
morphic lobular carcinoma and confirmatory negative stain for e-cadherin (f)
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Case 14

Metaplastic carcinoma with axillary metastases. (a) A 50-year-old woman with a palpable mass in
the outer central aspect of the left breast (arrows) and axillary adenopathy (arrowhead). (b)
Ultrasound shows solid round breast mass and (c) axillary adenopathy (enlarged lymph nodes with
thickened cortices and no identifiable fatty hila). (d—f) Progression of breast mass and axillary
metastases after 5 months on chemotherapy. (g) PET/CT 7 months into treatment and (h) after
mastectomy, 11 months into treatment, shows continued progression. (i) Core needle biopsies
showing atypical spindle cell proliferation. (j) The atypical spindle cells are adjacent to or sur-
round non-neoplastic breast epithelium. (k) Pleomorphism of the atypical spindle cells is noted in
some areas at higher power. (1 and m) The atypical spindle cells are positive for pancytokeratin (I)

and p63 (m)



9 Invasive Carcinomas 217




218 H. Vachhani et al.

Invasive Breast Cancer: Diagnosis and Management
Considerations

Breast cancer is the most frequently diagnosed cancer globally and is the leading
cause of cancer-related death in women [1]. Although the majority are initially
identified by radiologic imaging, however, some suggest that a clinically suspi-
cious mass detected by a patient or physician should also be biopsied, regardless
of imaging findings, as about 15 percent of such lesions can be mammographi-
cally occult [2]. Breast cancer is a heterogeneous disease which comprises of
many biologically different entities with distinct pathological features and clini-
cal implications. These in turn exhibit different behaviors necessitating a tailored
approach to their treatment strategies.

Breast Cancer Subtypes and Their Diagnostic Evaluation

All patients diagnosed with breast cancer should be assigned a clinical stage based
on its involvement of the breast and/or nodal regions. Staging allows for efficient
identification of local and systemic therapy options and provides baseline prognos-
tic information. Pathologists who confirm the diagnosis of invasive cancer should
obtain additional biomarkers for estrogen receptors (ER), progesterone receptors
(PR), and human epidermal growth factor receptor 2 (HER2) in accordance with
protocols laid down by the College of American Pathologists (CAP). An essential
component of breast cancer treatment is complete knowledge of extent of disease
and its biological features. These factors assist in estimation of risk of cancer recur-
rence after local therapies and provide information that predicts response to sys-
temic therapy. Multidisciplinary coordination among breast and reconstructive
surgeons, radiation and medical oncologists, radiologists, and pathologists facili-
tates treatment planning and streamlines patient care [3].

An important aspect of initial evaluation of women diagnosed with locally
advanced breast cancer or those with persistent symptoms affecting a particular
organ system includes assessment of metastatic disease with additional imaging
such as CT scan, bone scan, or PET scan. Women with child-bearing potential must
be offered fertility counselling. Patients diagnosed with breast cancers that are less
than 40 years of age or those who have significant family history suggestive of
hereditary syndromes should undergo genetic counselling and testing that may
impact their surgical decision.

Classical biomarkers such as ER, PR, and HER?2 together with traditional clinico-
pathological variables including tumor size, tumor grade, and nodal status are con-
ventionally used to determine patient prognosis and management approach. The
advent of platforms for gene expression analysis such as microarrays and RT-PCR
have shown that response to treatment is not determined merely by anatomical prog-
nostic factors but also by the molecular characteristics of individual tumors [4].
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These molecular subtypes of breast cancer are also called intrinsic subtypes. The
ER-positive intrinsic subtypes are called luminal tumors since the expression profiles
are reminiscent of the luminal epithelial component of the breast. At least two sub-
types exist within luminal-like tumors—Iluminal A and luminal B. Luminal A tumors
have higher expression of ER-related genes and lower expression of proliferative
genes than luminal B cancers. Luminal B tumors may have HER2 expression.
Another intrinsic subtype called HER2-enriched tumors is characterized by overex-
pression of HER2. A more aggressive subtype called basal-like tumors has expres-
sion profiles that mimic that of the basal epithelial cells in normal breast tissue. This
subtype is highly proliferative and is characterized by absence of expression of both
hormone receptors and HER?2 [5]. Despite the growing number of clinically relevant
molecular subtypes being identified, current breast cancer management still depends
on traditional pathology assessment supplemented with biomarker testing (tumor
biology) using validated commercial assays (i.e., Oncotype Dx, MammaPrint, etc.).

Local Therapy for Breast Cancer

Primary therapy for breast cancer should provide optimal local and systemic control
of disease and highest cure rate possible as measured by disease-free survival (DFS)
and overall survival (OS) rates, while preserving the best possible quality of life.
The treatment of breast cancer includes treatment of local disease with surgery,
radiation therapy or both, and systemic treatment with chemotherapy, endocrine
therapy, biologic agents, or combination of these.

Patients with early-stage breast cancer undergo primary surgery (lumpectomy or
mastectomy based on tumor-breast ratio, patient preference, and genetic factors)
with or without radiation therapy. Studies have shown that total mastectomy is equiv-
alent to breast-conserving surgery (lumpectomy coupled with whole breast radia-
tion) in terms of survival for the majority of women with stage I and II breast cancers
[6]. Women undergoing mastectomy should be offered consultation with plastic sur-
geons to discuss reconstructive options. Performance of sentinel lymph node map-
ping and resection in surgical staging of clinically negative axillae is recommended
for pathological assessment of axillary nodes in patients with early-stage cancer.
Patients with clinically palpable axillary nodes with pathological confirmation of
metastases should undergo axillary dissection. Following local therapy, adjuvant sys-
temic therapy may be offered based on patient’s tumor characteristics.

Whole breast radiation after breast-conserving surgery helps reduce local recur-
rence and has been shown to have a beneficial effect on breast cancer-related mor-
tality. CT scan-based treatment planning helps limit radiation exposure to heart and
lungs and assures adequate coverage of the lumpectomy site. Chest wall radiation
after mastectomy is recommended for patients with tumors larger than 5 cm or
pathologically involved margins. Nodal irradiation is considered for patients with
macroscopically involved nodes. Addition of radiation to internal mammary nodes
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and upper axillary nodes including the supraclavicular region has led to reduction in
regional and distant recurrence as well as improvement in disease-free survival
(radiation therapy to the axilla is avoided in patients who have undergone comple-
tion axillary dissection). Accelerated partial breast irradiation (APBI) refers to the
use of limited, focused radiation therapy as a more convenient alternative to conven-
tional whole breast radiation for women following breast-conserving surgery. APBI
delivers a higher dose of radiation therapy per day to a limited volume of tissue
encompassing the lumpectomy bed over a shorter period of time and leading to
potentially less late skin toxicity. APBI is used for a highly selected group of patients
and is still considered investigational while awaiting results of randomized prospec-
tive clinical trials. If adjuvant chemotherapy is indicated, then whole breast radia-
tion is given after chemotherapy is completed; APBI may be delivered before
chemotherapy or even intraoperatively.

Neoadjuvant Therapy

In certain clinical scenarios, preoperative (also known as neoadjuvant) systemic
therapy is preferred. Randomized trials demonstrate similar long-term outcomes
when patients are given the same systemic therapy preoperatively compared to post-
operatively [7]. Preoperative systemic therapy can render surgically inoperable
tumors operable and improve rates of breast conservation therapy in patients with
operable breast cancer. It also allows time to make surgical decisions, particularly
when waiting for genetic testing or evaluating options for reconstruction.
Preoperative therapy can treat axillary nodal disease and potentially can help avoid
axillary dissection in event of a good response resulting in negative sentinel nodes.
Neoadjuvant therapy also allows for consideration of additional adjuvant therapy in
patients with poor response to initial therapy. Certain subtypes of breast cancer such
as HER2-positive and triple-negative disease are considered aggressive and likely
to need adjuvant therapy. Preoperative chemotherapy is often elected for these sub-
types, as it offers an opportunity to observe clinical and pathological response to
systemic therapy which can provide prognostic information. Pathological complete
response (pCR) to preoperative therapy is associated with an extremely favorable
DEFS and OS. The correlation between pCR and long-term outcome is strongest for
triple negative breast cancer, followed by HER2-positive cancer and least for
ER-positive disease (particularly for luminal A type tumors) [8]. Patients who are
ideal candidates for preoperative systemic therapy include those with inoperable
cancer, inflammatory breast cancer, bulky or matted lymph nodes, T4 or N3 disease,
or patients with high tumor to breast ratio who desire breast conservation.

A number of chemotherapy regimens have activity in the preoperative set-
ting. For most patients with hormone receptor-positive disease, particularly pre-
menopausal patients, we recommend chemotherapy in the neoadjuvant setting
rather than endocrine therapy since it is associated with higher response rates in
a shorter time period. Preoperative endocrine therapy alone may be considered
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for selected patients with ER-positive disease based on age, comorbidities, and
low-risk luminal biology. In patients with HER2-negative cancers, anthracy-
cline and taxane-based chemotherapy is preferred for hormone receptor posi-
tive, node-positive cancers, and triple negative cancers. For those patients in
whom the potential cardiotoxic effects of anthracyclines are a primary concern,
non-anthracycline regimens are a reasonable alternative. For patients with triple
negative cancers, there is some early phase data to incorporate platinum agents,
particularly carboplatin, in neoadjuvant therapy since it has improved patho-
logical complete response but comes at the cost of added hematological toxicity
and uncertain impact on long-term outcomes [9, 10]. National guidelines do not
recommend routine addition of carboplatin to anthracycline and taxane-based
chemotherapy, but it may be considered in patients with suboptimal clinical
response in triple-negative disease only. Patients with HER2-positive tumors
should be treated with preoperative systemic therapy incorporating trastuzumab
for at least 9 weeks of preoperative therapy (remainder trastuzumab is com-
pleted after surgery for a total of 1 year) [11]. Pertuzumab is added preopera-
tively for dual HER2 blockade for patients with greater than or equal to T2
lesions and/or N1 disease [12, 13].

Tumor response during neoadjuvant chemotherapy should be assessed rou-
tinely with clinical exam to ensure response to therapy. If there is clinical concern
for lack of response or progression, then imaging such as breast ultrasound should
be considered to confirm clinical exam findings. For patients experiencing pro-
gression of disease on neoadjuvant chemotherapy, alternate systemic therapy can
be considered or they should be taken for surgery. All patients should undergo
surgery following neoadjuvant systemic therapy, even if they have had a complete
clinical and/or radiological response. However, trials are in progress to determine
whether surgery can be safely omitted in highly selected patients with complete
responses and negative biopsies after chemotherapy. The choice between breast
conservation and mastectomy after neoadjuvant treatment is dependent on the
treatment response (assessed clinically and by posttreatment imaging) and
patient’s tumor to breast ratio. However, patients who present with a T4 lesions or
inflammatory breast cancer should undergo mastectomy following neoadjuvant
treatment irrespective of their response due to higher risk for recurrence with
breast conservation surgery. Patients with hormone receptor-positive breast can-
cer should receive adjuvant endocrine therapy to reduce the risk of breast cancer
recurrence and breast cancer-related mortality. Additional postoperative chemo-
therapy following neoadjuvant chemotherapy and surgery is generally not indi-
cated unless the planned course of neoadjuvant therapy could not be completed
prior to surgery. There are ongoing trials exploring the role of additional chemo-
therapy for patients who did not achieve adequate response to neoadjuvant che-
motherapy. Some examples of agents that are being studied in this setting include
TDM-1 (Ado-trastuzumab emtansine) for HER2-positive patients, capecitabine
or carboplatin for triple-negative cancers, and palbociclib for hormone receptor-
positive cancers with residual disease after neoadjuvant chemotherapy [14-16].
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Adjuvant Chemotherapy

The use of adjuvant systemic therapy is responsible for much of the reduction in
cause-specific mortality from breast cancer [17]. Adjuvant chemotherapy refers to
the use of cytotoxic chemotherapy after breast cancer surgery, administered with the
goal of eradicating microscopic foci of cancer cells that, if left untreated, could
grow and recur as metastatic cancer. The data to support adjuvant chemotherapy
(versus no treatment) and, specifically, the administration of anthracycline and tax-
ane therapy in the adjuvant setting come from the Early Breast Cancer Trialists’
Collaborative Group (EBCTCG). Based on EBCTCG meta-analysis, the use of an
anthracycline-containing regimen compared with no treatment resulted in decreased
risk of recurrence, breast cancer-specific mortality, and overall mortality [18].

The decision to use adjuvant chemotherapy takes into account tumor histology;
expression of ER, PR, and HER2; tumor stage and grade; proliferation index;
patient age; as well as high-risk features such as lympho-vascular invasion. Adjuvant
chemotherapy is standard for patients with triple-negative breast cancer and either a
tumor size greater than 0.5 cm or pathologically involved lymph nodes (regardless
of tumor size). Patients with tumors that do not express hormone receptors are not
candidates for endocrine therapy, and as the tumor is HER2 negative, they are not
candidates for anti-HER?2 therapy either. Therefore, our threshold for the use of
chemotherapy in these patients is low because this is the only form of adjuvant treat-
ment available to them. The prognosis of small (<0.5 cm), node-negative, triple-
negative tumors is generally favorable. For that reason, the benefits of adjuvant
chemotherapy are very small and must be weighed against the chances of serious
side effects of chemotherapy.

Chemotherapy treatment decision-making for women with ER-/PR-positive,
HER2-negative breast cancers is more complex, owing to the variation in prognosis
among these tumors, the effectiveness of adjuvant endocrine therapy at reducing
recurrence, and the variable sensitivity of ER-positive tumors to chemotherapy
treatments. For such patients, the decision to administer chemotherapy is based on
an assessment of the composite risk of recurrence and likelihood of benefit (tradi-
tional risk factors are taken into account such as patient age and comorbidities,
tumor size and grade, lympho-vascular invasion, and lymph node status in addition
to the results of gene expression profiles) [19]. Most instances of ER-positive breast
cancer less than 1 cm, and all cancers less than 0.5 cm, have a good prognosis with
endocrine therapy alone and do not typically require adjuvant chemotherapy. At the
other end of the spectrum, most women with stage III breast cancers will warrant
adjuvant chemotherapy because of their high risk of recurrence and the likely ben-
efits of chemotherapy.

The use of microarray technology to characterize breast cancer has allowed for
development of classifications systems of breast cancer by gene expression profile as
mentioned earlier. There are many gene-based assays to predict prognosis such as
distant recurrence or survival. The 21-gene assay using reverse transcription poly-
merase chain reaction (RT-PCR) on RNA isolated from paraffin-embedded breast
cancer tissue is amongst the best validated prognostic assays and is most commonly
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used at our institute. The 21-gene assay recurrence score (RS), also known as
Oncotype Dx, has been validated both as a prognostic and a predictive tool. It helps
identify those patients with node-negative, hormone receptor-positive breast cancer
whose prognosis is so favorable that the benefit of chemotherapy is likely to be very
low. The optimal RS cutoff for omission of chemotherapy remains unclear since dif-
ferent studies have used different cutoffs [20, 21]. Since the prospective-retrospective
studies have validated RS less than 18 as a cutoff to distinguish low from intermedi-
ate RS, it is reasonable to avoid adjuvant chemotherapy for patients with node-nega-
tive, ER-positive breast cancer and an RS of less than 18. We await outcomes in
women with intermediate RS from the TAILORKX trial to further clarify the optimal
cutoff for adjuvant chemotherapy [22]. An unplanned, retrospective subset analysis
from a single, randomized clinical trial in postmenopausal, node-positive, ER-positive
breast cancer found that RS may provide predictive information for chemotherapy
benefit in this population [23]. The SWOG RxPONDER trial, which utilizes RS to
assign hormone receptor-positive, HER2-negative, node-positive patients to standard
endocrine therapy with or without adjuvant chemotherapy, is ongoing and will clar-
ify the role of RS in node-positive disease.

Another commonly used assay is the 70-gene signature assay which uses micro-
array technology to analyze gene expression profile from breast tumor tissue to help
identify patients with early-stage breast cancer likely to develop distant metastasis
[24]. Results from an international randomized trial, the Microarray in Node-
Negative Disease May Avoid Chemotherapy (MINDACT) trial, suggest that this
profile may identify subsets of patients who have a low likelihood of distant recur-
rence despite high-risk clinical features. However, it should be noted that the
MINDACT study was not powered to exclude a benefit of chemotherapy. This assay
has been approved by FDA to assist in assignment of patients with ER-positive or
ER-negative breast cancer into a high or low risk for recurrence, but not for predict-
ing benefit from adjuvant systemic therapy [25].

In general, similar chemotherapy regimens are used as adjuvant therapy in patients
with ER-/PR-positive, HER2-negative cancer or with triple negative cancers. The
regimen of doxorubicin and cyclophosphamide followed by paclitaxel (AC-T) deliv-
ered on a dose-dense schedule is the preferred regimen for most patients. For patients
with lower-risk disease or a history of cardiac disease, non-anthracycline regimens
may be preferable; most commonly employed regimen in this setting is docetaxel and
cyclophosphamide (TC). For patients in whom steroid treatment or risk of peripheral
neuropathy (both are issues associated with use of taxane therapy) is a particular con-
cern, and where there are concerns about anthracycline exposure due to cardiotoxicity,
commonly recommended regimen at our institute is combination of cyclophospha-
mide, methotrexate, and fluorouracil (CMF). Recently published joint analysis of
three adjuvant trials consisting of dose-dense doxorubicin, cyclophosphamide, and
paclitaxel compared with docetaxel and cyclophosphamide showed invasive disease-
free survival in favor of anthracycline-based therapy [26]. Exploratory analyses for
treatment interaction by hormonal status and nodal status suggest that the benefits
appear to be clinically meaningful in patients with hormone receptor negative tumors
or those with hormone receptor positive tumors and positive axillary nodes.
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Treatment directed against the human epidermal growth factor receptor 2 (HER2) is
incorporated in the chemotherapy regimen for patients with HER2 overexpression.
Initial regimen is then followed by maintenance trastuzumab to complete total therapy
for 1 year based on a trial comparing no maintenance versus 1 or 2 years of trastuzumab
therapy which favored 1 year of therapy; no additional benefit was derived upon con-
tinuation for 2 years [27]. The benefits of adding trastuzumab to adjuvant chemotherapy
in patients with HER2-positive tumors were confirmed in a meta-analysis of eight trials
of chemotherapy plus trastuzumab versus chemotherapy alone involving nearly 12,000
patients which showed significant improvement in disease-free survival and overall sur-
vival [28]. Trastuzumab is associated with cardiotoxicity which necessitates monitoring
of cardiac function periodically through treatment. When trastuzumab is combined with
an anthracycline-based regimen, there is an expected increase in cardiotoxicity due to
overlapping side effects from trastuzumab and anthracyclines. When compared to a
non-anthracycline-based chemotherapy regimen, there were more breast cancer recur-
rences but fewer cardiac events in the non-anthracycline arm [29]. The choice of chemo-
therapy backbone takes into account patient’s age, cardiac risk factors, tumor
characteristics, and personal preference. Trastuzumab combined with paclitaxel alone
has demonstrated excellent outcomes for patients with node-negative, HER2-positive
tumors that are less than 2 cm [30]. HER2-positive tumors that are smaller than 5 mm
are less likely to derive benefit from adjuvant therapy including HER2-targeted therapy.
There is no data to use pertuzumab in the adjuvant setting at this time, but clinical trial
results evaluating this agent along with trastuzumab for 1 year are awaited.

Adjuvant Endocrine Therapy

Patients with ER-/PR-positive invasive cancer should be considered for adjuvant
endocrine therapy regardless of their age, tumor type or size, lymph node status, or
receipt of adjuvant chemotherapy. In patients receiving both chemotherapy and endo-
crine therapy, chemotherapy should be given first followed by endocrine therapy. The
choice of endocrine therapy is dependent on menopausal status of the patient prior to
administration of chemotherapy. Tamoxifen is a commonly used selective estrogen
receptor modulator in premenopausal women. In the Suppression of Ovarian Function
(SOFT) trial, premenopausal women were randomly assigned to one of three arms:
tamoxifen alone, tamoxifen plus ovarian suppression, or exemestane plus ovarian sup-
pression. Ovarian suppression was achieved with the use of the gonadotropin-releas-
ing-hormone agonist triptorelin, oophorectomy, or ovarian irradiation. Compared to
tamoxifen alone, tamoxifen plus ovarian suppression did not result in improved out-
comes but caused increased toxicity which likely resulted in a higher rate of medica-
tion discontinuation. In a subgroup analysis, women at high risk of recurrence, who
received prior chemotherapy, had improved outcomes with addition of ovarian sup-
pression [31]. Tamoxifen and Exemestane Trial (TEXT) evaluated comparison
between tamoxifen plus ovarian suppression and exemestane plus ovarian suppres-
sion. When these two adjuvant endocrine therapy trials (SOFT and TEXT) were com-
bined to compare tamoxifen plus ovarian suppression and exemestane plus ovarian
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suppression, the latter showed improved rate of freedom from breast cancer at 5 years
[32]. Based on the combined results of SOFT and TEXT trials, exemestane plus ovar-
ian suppression is preferred for premenopausal, hormone receptor-positive breast can-
cer at higher risk of recurrence (patients who are less than 35 years and those that
received chemotherapy). Optimal duration of tamoxifen was evaluated by comparing
5 years of tamoxifen to 10 years. Tamoxifen therapy extended to 10 years reduced risk
for recurrence and breast cancer-specific mortality at the cost of increased incidence
of pulmonary embolism and endometrial cancer [33].

Aromatase inhibitors have consistently been shown to improve outcomes for post-
menopausal women with hormone receptor-positive breast cancer compared with
tamoxifen. All the available aromatase inhibitor agents (anastrozole, letrozole, and
exemestane) have demonstrated similar efficacy and toxicity profiles. Aromatase inhibi-
tors can be utilized as initial adjuvant therapy, or as sequential therapy following
2-3 years of tamoxifen or as extended therapy beyond 5 years of tamoxifen. Sequential
therapy of aromatase inhibitor after tamoxifen has been shown to improve overall sur-
vival. The extension of treatment with an adjuvant aromatase inhibitor to 10 years
resulted in significantly higher rates of disease-free survival and a lower incidence of
contralateral breast cancer than those with placebo, but the rate of overall survival was
not higher with the aromatase inhibitor than with placebo [34]. Aromatase inhibitors can
be associated with hot flashes, musculoskeletal symptoms such as stiffness and joint
pain, as well as long-term effects such as osteoporosis and increased cardiovascular risk.

Post-therapy Surveillance

Follow-up care is provided by the members of the treatment team. All women
should have a careful history every 3—6 months for the first 3 years after primary
therapy, then every 6—12 months for the next 2 years, and then annually. It is recom-
mended that all women should perform monthly breast self-examination.
Mammography should be performed annually with first posttreatment mammogram
6 months after completion of radiotherapy [35]. For women who have undergone
mastectomy, surveillance is usually performed by physical examination. Because
the majority of recurrences occur between scheduled visits, it is prudent to inform
women about symptoms of recurrence. Patients on adjuvant tamoxifen with intact
uterus should undergo yearly gynecologic assessment and rapid evaluation of
abnormal vaginal bleeding due to risk of endometrial cancer associated with tamox-
ifen use. Patients on aromatase inhibitor (Al) therapy should undergo monitoring of
bone health at baseline and periodically thereafter. Bone strengthening agents can
be employed for patients on Al therapy who have suboptimal bone health. The data
are insufficient to suggest routine laboratory assessments including tumor markers
and surveillance imaging in absence of symptoms [35]. Adequate symptom man-
agement for women on endocrine therapy improves medication adherence.
Reproductive issues may arise during endocrine therapy including sexual dysfunc-
tion, fertility, and contraception which need coordination of care with gynecology.
Lifestyle modification can be an empowering and effective way to boost physical
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and mental health in breast cancer survivors and possibly to improve outcomes.
Observational data suggest that physical activity to optimize body-mass index and
minimization of alcohol intake are associated with a decreased risk of breast cancer
recurrence and death in breast cancer survivors [36, 37].

Recurrent or Metastatic Breast Cancer

Recurrent breast cancer can present as local recurrence or distant metastasis. Local
recurrence usually presents as a palpable lump in the breast, chest wall, or nodal
region, or as new findings on mammography. All patients with local recurrence
should undergo biopsy for pathological confirmation and imaging to assess for con-
current distant metastatic disease. In the absence of distant metastases, patients
must undergo surgical resection of the recurrence along with nodal sampling fol-
lowed by involved field radiation therapy if not previously treated or if additional
radiation can be administered safely. Based on the CALOR trial, after local treat-
ment, women with local recurrences should be considered for systemic therapy with
chemotherapy and/or endocrine therapy if applicable, for a limited duration with
similar intent as that of adjuvant therapy. The choice of chemotherapy depends on
the biomarkers, previous therapy, and time to recurrent disease [38].

Metastatic breast cancer involving distant sites cannot be cured, but significant
improvements in breast cancer-specific survival have been observed with the use of
systemic therapies, with some patients achieving long-term remissions [39]. Current
practice guidelines recommend that patients with metastatic disease must be biopsied
to confirm tumor histology and allow reevaluation of biomarkers. Assessment of ER,
PR, and HER?2 should be repeated as there may be discordance between the primary
and metastatic cancers. This discordance could be related to change in the biology of
the tumor, differential effect of prior treatment resulting in clonal selection, or tumor
heterogeneity [40, 41]. The treatment strategy is a tailored approach and depends
upon tumor biology and biomarkers as well as clinical factors pertaining to the patient
such as volume and location of metastatic disease and patient’s functional and nutri-
tional status. Although a subset of patients with oligo-metastatic disease may benefit
from an intensified locoregional approach, most patients with metastatic breast cancer
receive systemic medical therapy consisting of chemotherapy, endocrine therapy, and/
or biologic therapies and supportive care measures [42]. The primary goals of sys-
temic treatment for metastatic breast cancer are prolongation of survival, palliation of
symptoms, and maintenance or improvement in quality of life.

Women with hormone receptor-positive and HER2-negative metastatic disease
should generally be considered for initial endocrine therapy. However, sometimes
patients may present with rapidly progressive, symptomatic disease with end-organ dys-
function (visceral crisis which could involve lungs, liver, or compression of important
structures), in which case chemotherapy can be chosen over endocrine therapy. Endocrine
therapy choices depend on prior exposure to antiestrogen agents. There is some data in
postmenopausal women to suggest that aromatase inhibitor therapy appears to have
superior outcomes compared to tamoxifen [43, 44]. Fulvestrant (ER down-regulator)
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when compared to anastrozole as first-line agent in metastatic ER-positive breast cancer
who had not received prior hormone therapy showed improved progression-free survival
[45]. Compared with anastrozole alone, combination of fulvestrant and anastrozole
resulted in an improvement in progression-free and overall survival. On subgroup analy-
sis, the benefit of combination therapy appeared to be limited to endocrine therapy naive
patients [46]. Observation of synergy between CDK 4/6 inhibitors and endocrine ther-
apy has led to emergence of newer combinations for therapy in this population.
Palbociclib (CDK 4/6 inhibitor) in combination with letrozole (AI) when compared to
letrozole alone showed improved response rates and progression-free survival [47].
Ribociclib, another selective CDK 4/6 inhibitor, in combination with letrozole demon-
strated improved efficacy over letrozole alone [48]. CDK 4/6 inhibitors are generally
well tolerated, most commonly notable adverse effects include neutropenia, fatigue,
derangements of liver function, and nausea. Combination of mTOR inhibitors with
endocrine therapy was postulated to overcome resistance to endocrine therapy. An
improvement in progression-free survival and response rates was seen with combination
of everolimus (mTOR inhibitor) and exemestane (steroidal Al) in patients who had pro-
gressed on anastrozole [49]. Everolimus is associated with significant toxicity including
stomatitis, pneumonitis, abnormal liver function, hyperglycemia, and fatigue.

Women with hormone receptor-negative metastatic disease or those with hormone
receptor-positive disease that have either become refractory to endocrine therapy or
have significant tumor burden are considered for chemotherapy. Combination chemo-
therapy when compared to single agents given sequentially generally provides quicker
and higher rates of responses and has longer time to progression but comes at the cost of
increased toxicity. There is no compelling evidence that suggests that combination che-
motherapy is superior to sequential chemotherapy and the latter is generally preferred
for better quality of life. However, combination therapy is preferred in patients with
rapidly progressive disease with impending end-organ failure where quicker response is
desired. Single-agent chemotherapy is continued until there is evidence for disease pro-
gression at which time another agent is chosen based on previous therapy, toxicity pro-
file, logistics of administration, and patient preference. A variety of chemotherapy
agents (used as single agents or in combination) are active in breast cancer including
anthracyclines (doxorubicin, epirubicin, and pegylated liposomal doxorubicin), taxanes
(paclitaxel, docetaxel, and albumin-bound paclitaxel), antimetabolites (capecitabine and
gemcitabine), non-taxane microtubule inhibitors (eribulin and vinorelbine), platinum
agents (cisplatin and carboplatin), and others such as ixabepilone, cyclophosphamide,
and methotrexate. The role of immune therapy in metastatic breast cancer, particularly
triple-negative disease, continues to evolve at this time. The duration of chemotherapy
should be individualized taking into account the patient’s goals of therapy, presence of
treatment toxicities, and alternative options that might be available. In general, patients
should continue chemotherapy to the best response or disease progression unless toxic-
ity requires discontinuation of treatment sooner. A detailed discussion about the chemo-
therapy regimens is beyond the scope of this chapter.

For patients with HER2-positive metastatic breast cancer, HER2-directed agents
should be a component of treatment. For most patients, HER2-directed agent plus che-
motherapy is chosen. However, patients with hormone receptor-positive and
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HER2-positive metastatic breast cancer may receive HER2-directed therapy in combi-
nation with endocrine therapy, if they have low volume, indolent, and asymptomatic
disease, especially in the elderly. The preferred first-line therapy option is combination
of trastuzumab, pertuzumab, and docetaxel which has shown improved response rates,
progression-free survival, and overall survival when compared to trastuzumab and
docetaxel [50, 51]. Common adverse effects from this therapy include febrile neutro-
penia, diarrhea, rash, mucositis, and edema. There was no increase in the rate of ven-
tricular dysfunction with the combination. After achievement of best response to
treatment, cytotoxic chemotherapy is typically discontinued with plan to continue
trastuzumab and pertuzumab therapy until disease progression. In patients whose
tumors are also hormone receptor positive, endocrine therapy is added to HER2-
directed therapy following discontinuation of chemotherapy. Ado-trastuzumab emtan-
sine (T-DM1) is an antibody-drug conjugate composed of trastuzumab, a thioether
linker, and a microtubule inhibitor, DM1. This is typically utilized in second-line set-
ting based on improved outcomes in terms of progression-free and overall survival and
better toxicity profile when compared to lapatinib plus capecitabine [52]. This could be
an alternative first-line treatment for patients unable to receive trastuzumab plus pertu-
zumab plus taxane, based on non-inferiority and better tolerability of TDM-1 alone or
in combination with pertuzumab, when compared to trastuzumab and taxane therapy
[53]. The regimen of capecitabine plus lapatinib is an option for patients with HER2-
positive disease following progression on trastuzumab containing regimen based on
improved time to progression with the combination compared to capecitabine alone
[54]. This is reserved as a third-line option after failure of abovementioned regimens.

Distant sites of recurrence may require local therapies to alleviate symptoms and
prevent impending complications. Surgery/procedures, radiation, or regional chemo-
therapy (intrathecal) may be employed as needed for metastatic sites such as brain
metastases or leptomeningeal involvement, pleural or pericardial effusion, impend-
ing pathological fracture or compression of vital organs, biliary or urinary obstruc-
tion, bleeding, cord compression, painful bone metastases, or soft tissue disease.

Monitoring of metastatic disease during therapy is important to make sure that
the therapy is providing benefit and the patient does not have toxicity from ineffec-
tive therapy. Monitoring of disease entails periodic assessment of symptoms and
clinical exam (if disease is easily accessible clinically) to determine response. These
are coupled with laboratory tests including serial tumor markers if elevated and
periodic imaging (CT scan, bone scan, MRI as indicated) to ensure disease response
to therapy. Data on circulating tumor cells suggest their prognostic value, but their
use in disease monitoring is controversial and should not be used to influence treat-
ment decisions at this time.

Summary

The therapeutic options for patients with invasive breast cancer are complex. An
essential component of patient’s management is the multidisciplinary team
approach that includes collaboration among breast radiologist, pathologist, breast
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and reconstructive surgeons, medical and radiation oncologists, palliative care
specialist, fertility specialist, genetic counsellors, nurse navigators, and clinical
trial coordinators. The patients and physicians share the responsibility to explore
and identify the most appropriate treatment options in order to optimize the
chance of cure and minimize toxicity depending on individual patient factors and
disease variables. Participation in clinical trials helps patients access emerging
novel therapies and contribute to the improvement in therapeutic outcomes.
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Fat Necrosis

There is a saying that fat necrosis can look like anything on imaging. Truly, it may
run the gamut of the BI-RADS lexicon and appear as a round, oval, or irregular
mass that is fat containing, low, equal, or high density, with circumscribed, indis-
tinct, or spiculated margins mammographically. There may be associated calcifica-
tions. The classic appearance, that is unequivocally benign, includes fat containing
mass with curvilinear, rim, dystrophic, or lucent centered calcifications, although
amorphous, punctate, coarse heterogenous, and fine pleomorphic forms may also be
present. Sonographically, the classic appearance is that of a hyperechoic mass with
central hypo- to anechoic spaces (Fig. 10.1) [1-4]. Despite its benignity, it may
enhance avidly on MRI, mimicking malignancy (as it can on other modalities);
although routine fat suppressed images may demonstrate central fat, the morphol-
ogy and margins may still trigger a biopsy. Unfortunately, even the trauma of a
needle biopsy may incite additional changes such that it becomes larger and thus
possibly more suspicious in appearance on future studies. Fat necrosis does not usu-
ally warrant treatment.
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Fig. 10.1 Fat necrosis. (a) Spot tangential view at the site of a palpable “lump” (as denoted by
metallic BB skin marker) shows an irregular fat containing mass with indistinct margins. (b) On
targeted ultrasound, an oval, horizontally oriented (parallel) mass is imaged in the subcutaneous
fat; it is predominantly hyperechoic with central cystic spaces (arrows).

Abscess/Mastitis

Subareolar abscesses can be distinguished from peripheral abscesses not only by
location but by patient predilection, potential etiologies, imaging appearance, and
management.

There are two schools of thought regarding the etiology of subareolar abscesses.
One supports the predilection seen in smokers: a metaplastic change in ductal epi-
thelium (supposedly related to cigarettes) resulting in luminal obstruction that
makes the patient more susceptible to infection. However, these abscesses are also
seen in non-smokers. A second hypothesis is that the process starts as a skin infec-
tion, such as a folliculitis, that extends into the breast tissue. This can also be chal-
lenged, since some patients may have little skin changes, out of proportion to
symptoms and extent of the deeper abscess collection [1].

Clinically, patients with abscesses may feel a painful “lump,” overlying which
the skin may be erythematous and/or thinned. Depending on the extent of infection,
diffuse skin edema, characterized by thickening or peau d’orange change, can be
seen, as may purulent drainage.

Subareolar abscesses can be managed with oral antibiotics (more than one course
may be required), aspiration, incision and drainage, and/or clinical and ultrasound
follow-up. Frustrating to patients and clinicians, even with a good response to initial
treatment, they often recur (in 25-40% of patients), requiring (repeat) needle aspira-
tion or incision and drainage acutely, or eventual central duct excision [1, 5].
Recurrent or chronic subareolar abscesses can form fistulous tracts with the skin
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seen clinically along the areolar margin as draining sinuses. This is known as Zuska
disease [6]. Due to repeated bouts of inflammation resulting in fibrosis involving the
central ducts, horizontal nipple inversion may eventually occur.

Lactational abscesses can be central or peripheral. These are often managed by
the patient’s obstetrician/gynecologist, without imaging, and seem to respond better
to antibiotics [5, 7].

Peripheral abscesses not related to lactation are more common in diabetics, per-
haps related to compromised immune function. These may not involve the skin
directly, but be centered in the parenchyma, and therefore be confused with a mass.
First-line management is often ultrasound-guided needle aspiration in addition to
oral antibiotics. These are less likely to recur.

Imaging Findings

Subareolar abscess: Increased density, focal asymmetry or mass mammographi-
cally, possibly with associated skin and/or trabecular thickening (edema). Edema
and patient tenderness may limit compression. Sonographically, an irregular fluid
collection/complex cystic and solid mass involving the deep dermal layer; tubular
extensions can often be seen “funneling” posteriorly, with increased echogenicity
and loss of tissue planes that represents parenchymal edema (Fig. 10.2). There is
associated skin thickening if not breakdown and drainage. Echogenic foci may rep-
resent air if there is an open wound.

Peripheral abscess: A mass or focal asymmetry mammographically, possibly
with associated skin (secondarily) and/or trabecular thickening (edema, focal or dif-
fuse). Sonographically, a complex solid and cystic mass, sometimes with mobile
internal echoes, and surrounding edema; skin thickening may or may not be appar-
ent. Lactational abscesses also have this appearance; they are more commonly
imaged sonographically due to avoidance of radiation while still breastfeeding
(Fig. 10.3).

In patients with infectious mastitis, physical exam and imaging findings tend to
be diffuse as there may not be a discrete associated fluid collection to suggest an
abscess. Focal areas of irregular hypoechoic tissue, or diffusely dilated subdermal
lymphatics, may be noted by ultrasound [1]. This clinical picture may overlap that
of a locally advanced malignancy more so than with an abscess; therefore, short
term follow-up is paramount with biopsy to follow if exam and imaging findings do
not resolve with antibiotics. In that vein, direct correlation with clinical signs and
symptoms with ultrasound findings are imperative in distinguishing between infec-
tious and malignant processes.

Granulomatous mastitis is a rare noninfectious condition typically seen in
women of childbearing age, within several months to years of pregnancy. The eti-
ology is unknown, but some postulate an autoimmune mechanism. It may present
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Fig. 10.3 Lactational abscess. (a) 41-year-old woman treated empirically with two courses of
antibiotics with no decrease in size of a palpable mass and continued decrease in milk production
from this side. Targeted ultrasound shows an irregular complex solid (iso-/hyperechoic) and cystic
mass and surrounding edema. The internal echoes were mobile in real-time. (b) Ultrasound-guided
needle aspiration is done, draining the fluid collection to completion. (¢) Follow-up ultrasound
2 weeks later was normal (not shown).

with a painful, palpable lump, which may overlap the clinical presentation of an
abscess. Mammographic findings may include a mass or parenchymal asymmetry;
sonographically, masses or hypoechoic tubular densities may be seen (Fig. 10.4),
their irregular shape warranting biopsy, on which perilobular noncaseating granu-
lomas would be reported [1, 8]. If the diagnosis is unequivocally confirmed histo-
logically, treatment consists of corticosteroids (if there is any doubt, a course of
antibiotics may be tried first to avoid exacerbating a possible infection).
Granulomatous mastitis can be recalcitrant even to long-term steroid treatment—
and may still require excision [8].

<
<

Fig. 10.2 Subareolar abscess and mastitis. (a) Standard CC and MLO views of the left breast in a
47-year-old woman show increased mass-like density in the lower central aspect in the area of a painful,
erythematous, palpable “lump” denoted by a metallic BB skin marker. There is also increased skin and
trabecular (arrowheads) thickening reflecting edema more diffusely. (b) Spot tangential view better dem-
onstrates the association of the mass with the nipple areolar complex, which is thickened. (c) Irregular,
complex fluid collection broadly involving the deep dermal layer (arrows) with posterior acoustic
enhancement. (d) Sonography into the upper inner quadrant shows edema: skin thickening, increased
interstitial fluid (arrows), loss of tissue planes, and ill-defined hypoechoic areas (mastitis, arrowheads).



238 P.A. Shah and V. Robila

SUBARE LONG

LT _ SUBAR LONG LT SUBAR TRV

Fig. 10.4 Granulomatous mastitis. (a) Orthogonal ultrasound images in a 28-year-old woman
with a painful “lump” show an irregular hypoechoic tubular-shaped structure (arrows) at the base
of the nipple. Histology on core needle biopsy showed a mixed picture of acutely inflamed breast
parenchyma with granulomatous features. Even though stains for microorganisms were negative,
the patient was started on antibiotics given the acute inflammation reported histologically. (b)
After 1 month of no clinical improvement and increase in size of the mass, she was started on a
course of corticosteroids for presumed granulomatous mastitis given granulomas also seen on
pathology. She eventually underwent surgical excision.

Vascular Lesions

These may present clinically as a superficial “lump,” or be found incidentally mammo-
graphically or sonographically as a round or oval mass, sometimes with calcifications
(phleboliths), with vascularity confirmed on color Doppler imaging. They can be
hypoechoic to hyperechoic on ultrasound [9]. Common benign lesions include heman-
giomas (Fig. 10.5) and angiolipomas. Angiosarcomas in the breast may be primary or
secondary—the latter most often related to prior radiation therapy—and present with
overlying bluish skin discoloration. These may be more irregular in appearance on imag-
ing and hyperechoic or mixed echogenicity on sonography (Fig. 10.6) [1, 9, 10, 11].
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Fig.10.5 Capillary hemangioma. (a) Low-density oval mass with circumscribed margins on spot
compression view. (b and c¢) Irregular, predominantly hyperechoic mass on ultrasound—this
appearance prompted biopsy.

A

Fig. 10.6 Angiosarcoma. Orthogonal sonographic views show an irregular hyperechoic mass
with indistinct margins and central decreased echogenicity in the subcutaneous fat. Given this
appearance, and its location deep to a bluish discoloration on the skin in a 52-year-old with a his-
tory of radiation following lumpectomy for breast cancer, biopsy was done. An equal density
irregular mass was imaged on correlative mammogram (not shown).

Pseudoaneurysm of the breast is rare, and of these, most are post-traumatic,
namely, complications from percutaneous biopsies resulting from a disruption in
the arterial wall. They may present as a palpable, pulsatile mass and demonstrate
swirling internal vascular flow (“yin-yang” sign; Fig. 10.7). Pseudoaneurysms may
thrombose spontaneously (self-limited) or be treated under ultrasound with sequen-
tial manual compression; thrombin or alcohol injection; embolization with coils,
Gelfoam, or glue; or surgically [11, 12].

Lactational adenoma and galactocele

These are two of the more common entities related to the marked physiologic, hor-
monally mediated, changes of pregnancy and lactation.

Lactational adenoma may be suspected in the third trimester of pregnancy. There
is controversy as to whether it arises de novo or transforms from preexisting
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Fig. 10.7 Pseudoaneurysm. Orthogonal sonographic images show a hypoechoic mass with swirl-
ing internal vascularity (“yin-yang” sign) and a feeding vessel 2 months after an ultrasound-guided
core biopsy with a 14G spring loaded needle; the patient returned because of focal pain. A hema-
toma (not shown) had been noted at the time of biopsy, and bleeding at that time had stopped with
compression. This pseudoaneurysm was treated with percutaneous thrombin injection.

fibroadenoma with the hormonal effects of pregnancy. Sonographically, it may be
indistinguishable from a fibroadenoma, having an oval shape, circumscribed mar-
gins, parallel (horizontal) orientation, and uniform hypoechogenicity. It may also
contain areas of increased echogenicity related to increased lipid (milk) content.
With these appearances, one may consider short interval follow up if the patient is
otherwise asymptomatic--for example, a repeat ultrasound in 6 months, BI-RADS
assessment category 3 (probably benign finding) as with a fibroadenoma. A more
heterogeneous appearance may warrant biopsy, however, if pathology is concor-
dant, no further treatment is needed as these regress after delivery and lactation [13].

Galactoceles result from ductal dilation and milk stasis. As this can occur after the
cessation of breast feeding, when a mammogram may be a part of the diagnostic work
up, one may see an oval mass radiographically, with circumscribed margins and a “fat-
fluid” level depending on the lipid and proteinaceous content of the milk [13]. Similarly,
sonographically, a fluid-fluid level may be seen as part of a complex solid and cystic
mass. Aspiration of milk from the cystic portion is diagnostic, however if the solid por-
tion predominates, or and there are suspicious features, biopsy may be required.

Fibrosis

Fibrosis can run the gamut of benign and malignant features on imaging, from cal-
cifications, to oval or round masses with circumscribed borders, to more irregular
shapes with spiculated margins, often with posterior acoustic shadowing sono-
graphically. The latter can mimic the desmoplastic reaction incited by some cancers
such that during core needle biopsy, errors in sampling the edge of a malignancy



10 Miscellaneous Conditions 241

may result in a false negative. In this way, precise targeting of the middle of the
lesion is therefore paramount to be confident with regard to radiology-pathology
congruence. If there is any doubt with regard to congruence or needle placement,
subsequent excisional biopsy may be warranted for a larger sample [14,15].

Pseudoangiomatous Stromal Hyperplasia (PASH) has a wide range of appear-
ances, but more commonly appears as a mass or asymmetry, often in the upper outer
quadrant in premenopausal women. When new or developing on imaging, biopsy is
indicated, but further treatment is not indicated if concordant and the patient is
asymptomatic. PASH can also be diagnosed incidentally at biopsy of another lesion.
PASH is a benign mesenchymal proliferation that must be differentiated from
angiosarcoma and phyllodes tumors histologically [16].

Selected radiologic-pathologic correlation of miscellaneous lesions is high-
lighted below.

Case 1

. 3 o .
Sy T, ' e P e,
< p J . ik Al - ey ¢
- -~ ~ emt Proa »

e

} Lg (L -

Fat necrosis. (a) Palpable low-density round, subcutaneous mass in a 67-year-old woman referred for
diagnostic workup. (b) Ultrasound shows a hypoechoic mass with circumscribed margins. Despite
being nearly anechoic, this is solid, not a cyst, given posterior acoustic shadowing (arrow), and biopsy
is indicated. (c) Fat necrosis. Note the infarcted adipose cells, histiocytes, and associated fibrosis
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Left 1:00 10CHFN AT UPPER ASPECT SCAR

Dense fibrosis presenting as a mass. (a) New low-density mass (arrow) with amorphous calcifications
adjacent to a calcifying oil cyst (arrowhead) in a 53-year-old woman undergoing routine mammo-
graphic surveillance following lumpectomy for DCIS with calcifications 5 years ago. (b) Ultrasound of
the new mass shows a horizontally oriented isoechoic to hyperechoic mass (between arrows) with cir-
cumscribed margins at the upper aspect of the lumpectomy scar; these are benign sonographic features
but because the lesion is new, it is assigned a BI-RADS 4 and biopsy is done. (¢) Dense fibrous tissue
with coarse calcifications, possibly calcified fat necrosis. Annual mammography is recommended

Case 3

Fibrosis presenting as a mass. (a) 56-year-old woman with right breast mass (arrow) seen on stag-
ing CT for ovarian cancer. Note the focus of increased density in the mass at the tip of the arrow,
reflecting a large calcification. There is also a large left pleural effusion. (b) Associated coarse
calcifications and circumscribed margins on mammography support a benign etiology, but there is
heterogeneous echogenicity on sonography (c). Biopsy is done prior to starting chemotherapy
showing (d) dense collagenous stromal fibrosis
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Case 4

Stromal fibrosis and elastosis presenting as a mass. (a) 72-year-old patient with remote history of
right lumpectomy. Focal asymmetry, dystrophic calcifications, and overlying skin retraction are
postsurgical and radiation changes (arrows). A new “lump” anterior to these findings is marked
with a metallic BB. (b) Ultrasound shows irregular hypoechoic masses corresponding to the mam-
mographic findings, one of which is the surgical scar (arrow) and the other is the area of patient
concern. Biopsy of the latter was done. (¢) Needle core biopsies of the mass show stromal fibrosis
and elastotic stroma. It may mimic amyloid deposition. (d) At higher magnification, note the
homogenous areas of amphophilic elastotic stroma



244 P.A. Shah and V. Robila

Case 5

Dense fibrosis and chronic inflammation presenting as a mass. (a) Spot compression magnification
view in a 40-year-old woman with a known contralateral breast cancer shows an irregular mass with
indistinct margins and calcifications. (b) On ultrasound this mass has circumscribed margins and is
hyperechoic relative to subcutaneous fat. (¢) Dense fibrous stroma with chronic inflammation

Case 6

Case 6 Pseudoangiomatous stromal hyperplasia. (a) Orthogonal spot compression mammographic
views of a developing nodular focal asymmetry in the upper outer quadrant of the right breast in a
42 year old woman. No corresponding lesion was seen sonographically, so biopsy was done using
stereotactic (radiographic) guidance. (b) Pseudoangiomatous stromal hyperplasia showing inter-
connected slit-like spaces lined by myofibroblasts and are not vascular spaces
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Case 7
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Benign inflammatory condition presenting as a mass: granulomatous mastitis. (a) 40-year-old
woman presented to the emergency room with a 2-week history of a painful right breast “lump” but
no other signs of infection. Mammogram showed an irregular mass in the lower inner aspect deep
to the metallic BB skin marker. (b) Orthogonal ultrasound images show an irregular mass with
heterogeneous echogenicity and angular margins that did not change significantly at 2- and 4-week
follow-up ultrasounds (not shown) after a course of antibiotics; therefore, ultrasound core needle
biopsy (and subsequent excision) was undertaken. (¢) Lobulocentric inflammation. (d) Histiocytes,
lymphocytes, occasional multinucleated giant cells, and eosinophils. (e) Microabscesses also seen.
Note the negative staining for pancytokeratin (f) and positive for CD68 (g)
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Case 8

Benign processes presenting as a mass: Granulomatous mastitis. (a) Ultrasound of a different
patient with granulomatous mastitis shows another sonographic appearance, that of an irregular
hypoechoic tubular shaped structure at the base of the nipple. (b) Breast tissue with granulomatous
inflammation. (¢) Note the central necrosis surrounded by epithelioid histiocytes and lymphocytes.
The stains for fungal organisms and acid-fast bacilli were negative
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Case9
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Lactating Adenoma. (a) Orthogonal sonographic images of a palpable “lump” in 28-year-old
woman who is breastfeeding show a complex cystic and solid mass with circumscribed margins.
Biopsy of the solid portion (arrows) is done after aspiration of the fluid in the cystic portion. (b and
¢) Enlarged epithelial cells with cytoplasmic vacuolization protrude in lumen; the myoepithelial cells
are inconspicuous
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Capillary hemangioma. (a) Ultrasound of a palpable finding in this 81 year old woman shows a
horizontally oriented, predominantly hyperechoic, mixed echogenicity mass (arrow) with cir-
cumscribed margins in the subcutaneous fat. Despite benign imaging features, it was increasing in
size, and so biopsy was undertaken. (b and c) Needle-core biopsy shows a capillary proliferation.
(d) Confirmed by CD34- positive staining of endothelial cells
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Case 11

Angiosarcoma. (a) Orthogonal sonographic views show an irregular hyperechoic mass with indis-
tinct margins and central decreased echogenicity in the subcutaneous fat. Given this appearance,
and its location deep to a bluish discoloration on the skin in a 52 year old with a history of radiation
following lumpectomy for breast cancer, biopsy was done. An equal density irregular mass was
imaged on correlative mammogram (not shown). (b, ¢) Histology shows a solid proliferation of
spindle cells, with pleomorphism, vesicular nuclei and prominent nucleoli. CD34 (not pictured)
confirms vascular neoplasm consistent with high grade angiosarcoma
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