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Abstract

Borderline breast epithelial lesions (atypical ductal hyper-
plasia (ADH), atypical lobular hyperplasia (ALH) and lobu-
lar carcinoma in situ [LCIS]) are identified in approximate-
ly 8% to 10% of breast biopsies and are associated with
high cumulative risks of subsequent breast carcinoma in
patients who have these diagnoses. Although histological
criteria have been established for borderline epitheli-

al lesions, these are not uniformly applied and some
overlap exists with usual-type epithelial hyperplasia and
in situ carcinoma, which affects the diagnostic accuracy
of pathologists. The cumulative risk of developing in situ
or invasive carcinoma after ALH or ADH is approximately
30% over a 25-year period of follow-up. Approximately
three-fourths of the subsequent carcinomas have a ductal
histology after either ALH or ADH.

Current clinical management of ADH includes
complete surgical resection, although a recent study
identified lack of individual cell necrosis and either a
single ADH focus with partial removal or 2 to 3 foci with
near-complete removal as indicators of a low risk for
carcinoma in a subsequent surgical excision, suggesting
these patients may be managed with chemoprevention.
Women with lobular neoplasia may be managed with
chemoprevention provided the ALH or LCIS is incidental
or radiological and pathological findings are concordant.
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Introduction

Borderline breast epithelial lesions include atypical ductal hyperpla-
sia (ADH), atypical lobular hyperplasia (ALH), and lobular carcino-
ma in situ (LCIS). These lesions are premalignant and associated
with an increased risk of subsequent breast carcinoma in both the
ipsilateral and contralateral breast. However, they are inconsistently
treated in spite of effective chemoprevention strategies.

Early studies of borderline epithelial lesions reported these
changes in approximately 4% of unselected benign breast
biopsies.! More recently, studies have reported higher frequen-
cies of borderline epithelial lesions, ranging from 8% to 10%*3

to 23%* however, the last-cited study also reported a low rate for
subsequent development of either ipsilateral or contralateral carci-
nomas,* which raises questions about pathology diagnostic criteria.

Here, we review the pertinent pathological features, cumu-
lative risk, and risk modifiers for subsequent invasive breast
carcinoma, as well as clinical management of patients with these
atypical lesions.

Histolopathological Features

Although LCIS was first reported by Foote and Stewart,’ Page
and colleagues are most responsible for both carefully character-
izing the histopathology of atypical breast proliferative lesions,
including LCIS, and defining the subsequent risk of breast cancer
following such diagnoses."® According to Page, proliferative
epithelial breast lesions represent a continuous spectrum of disor-
ders consisting of benign proliferative disease, atypical prolifera-
tive lesions, carcinoma in situ, and, finally, invasive carcinomas.
Histological criteria are the standard for diagnosing these lesions.
Although the 2 ends of the spectrum (benign and invasive car-
cinoma) are histologically distinct, there is some overlap among
atypical and in situ lesions.

Atypical Lobular Hyperplasia

Atypical epithelial proliferations were traditionally defined as
lesions that failed to meet all diagnostic criteria required for in
situ carcinoma. However, these atypical borderline lesions have
well-defined histological features. Atypical lobular hyperplasia
(ALH) is characterized by the presence of evenly spaced round,
cuboidal, or polygonal cells with hyperchromatic, round, and
monotonous nuclei minimally distending or distorting the acini
in the terminal duct lobular unit. These cells are noncohesive,
may have small residual lumens, and occupy less than half of the
acini in the lobular unit (Figures 1A and 1B).7

Lobular Carcinoma in Situ

Lobular carcinoma in situ (LCIS) is distinguished from ALH by
the extent of disease in the lobular unit, such that there is expan-
sion or distortion of the acini with more than half of the acini in
the lobular unit filled by the atypical cells, and there is a complete
absence of intracellular lumina (Figure 1C).>7 LCIS cells remain
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FIGURE 1. Histology of Atypical Lobular Hyperplasia, Lobular Carcinoma in Situ, and Atypical Ductal Hyperplasia
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A Atypical lobular hyperplasia (ALH), upper left panel. Low-power photomicrograph of a terminal breast lobular unit distorted by an atypical proliferation of
lobular epithelial cells that partially distends the lobule. Hematoxylin-and-eosin stain. Original magnification: 40X.

B Higher magnification of the same lobule shown in A to demonstrate the monotonous histological similarity of the lobular epithelial cells that have pro-
liferated multiple cells deep to distend individual acini in a nonuniform fashion. Hematoxylin-and-eosin stain. Original magnification: 200X.

C Lobular carcinoma in situ (LCIS), low-power photomicrograph of a normal breast lobule (left) compared with a distended LCIS lobule (right) extensively
distorted by a monotonous proliferation of epithelial cells which completely fill the lobule.

D ALH from the same lobule as B (above) immunostained for E-cadherin to demonstrate a lack of this membrane marker in ALH. Hematoxylin counterstain.
Original magnification: 200X.

E Atypical ductal hyperplasia (ADH), low-power photomicrograph of a single duct with an atypical proliferation of ductal epithelial cells composed of multiple
cell layers. Hematoxylin-and-eosin stain. Original magnification: 40X.

F Higher-power photomicrograph to illustrate atypia of ductal cells with an increased nuclear-tocytoplasmic ratio, mild-to-moderate nuclear pleomorphism, and
proliferative expansion of the ductal lining to multiple cell layers. Hematoxylin-and-eosin stain. Original magnification: 200X.

G ADH from same duct as E, immunostained for E-cadherin to demonstrate strong membrane immunostaining of epithelial cells in atypical ductal hyperpla-
sia. Hematoxylin counterstain. Original magnification: 200X.

within the terminal ductal lobular unit, or may involve adjacent Atypical Ductal Hyperplasia
ducts by pagetoid spread.’ ADH is characterized histologically according to architectural
“Classical” LCIS has been recently distinguished from “pleo- criteria, cytological features, and the size of the neoplastic process.
morphic” LCIS (pLCIS). pLCIS may resemble a high-grade ductal Architecturally, ADH exhibits partial involvement of the basement
neoplasm, with pleomorphic nuclei, irregular nuclear mem- membrane-bound space by monotonous cells with round hyper-
branes, variably prominent nucleoli, and/or necrosis. Clinical chromatic nuclei, pale cytoplasm, and well-defined cell membranes.
experience with pLCIS is limited, and current treatment guide- These cells are evenly arranged around geometric, rigid spaces, or
lines recommend management comparable with that for ductal may have micropapillae. The cytology of ADH is considered low
carcinoma in situ (DCIS), ie, complete surgical resection.’ grade, and these lesions lack atypical mitoses. ADH is said to
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involve fewer than 2 separate duct spaces, or is overall less than 2
to 3 mm in maximum dimension."° To qualify as ADH, the atypical
cells should form an entire nontapering bar crossing a space, or com-
prise a cell population of 6 or 7 cells across (Figures 1E and 1F).!

Immunostains in the Diagnosis of Atypical Proliferative
Breast Lesions

Immunohistochemical stains can be used as a diagnostic aid when
histopathology is not definitive. Neoplastic proliferations can be
separated from benign lesions using high-molecular weight cytoker-
atin CK5/6 and estrogen receptor (ER) immunostains. Luminal
epithelial proliferations in the benign category show widespread
staining with CK5/6, and variable staining with ER; luminal
neoplastic cells, however, lose CK5/6 staining in a majority of cells,
and may be diffusely positive for ER."? Further, lobular neoplasia
can be distinguished from ductal lesions by a lack of E-cadherin
immunohistochemical staining in the former (compare Figure

1D with 1G), provided that mutations in the CDH1 gene are not
present as is seen in hereditary diffuse gastric cancer.

Molecular Characteristics
Contemporary thinking related to breast carcinogenesis involves 2
competing theories: a proliferative precursor pathway and a parallel
evolution model. LCIS or DCIS has been found to be clonally
related to synchronous malignant lesions approximately 40% of the
time."”> Given the remarkable heterogeneity of breast cancers and
premalignant lesions revealed by next-generation sequencing, math-
ematical models of carcinogenesis suggest that parallel evolution
from preinvasive stages to subsequent malignancies may occur in
some cases, suggesting very early clonal divergence in which various
lesions (preinvasive or invasive) may diverge over time."

Many studies that involve loss of heterozygosity have shown a loss
of 16q in ADH, low-grade DCIS, and low-
grade invasive ductal carcinoma, demon-
strating molecular overlap between these
entities. Loss of 16q is also observed in

pathway with HER2/neu amplication, and/or loss or gain at mul-
tiple foci including loss of 8p, 11q, 13q, 14q; gain of 1q, 5p, 8q,
17q; and amplifications on 6q22, 8q22, 11q13, 17q12, 17q22-24,
and 20q13."® Biomarkers associated with aggressive features, such
as HER2 gene amplification and overexpression, TP53 mutations,
and basal cytokeratins, are usually absent in lobular neoplasia.”
Classical invasive lobular carcinoma is almost universally strongly
estrogen receptor-positive, thus leading to intrinsic subtyping in
the luminal A subgroup by expression array classification.” Clini-
cally, this implies that these lesions respond to endocrine therapy
or chemoprevention by hormonal therapy.

Reproducibility of Histological Diagnosis

Because borderline proliferative epithelial lesions of the breast are
associated with significantly increased risks of subsequent develop-
ment of invasive breast carcinomas, as summarized below, accurate
diagnosis and treatment of patients with these changes is important.
However, diagnosis is dependent on the ability of pathologists to
consistently identify these alterations.

How accurate, then, are pathologists at making these diagnoses?
Over the last few decades, many studies have evaluated pathologists’
ability to accurately classify atypical or borderline epithelial breast
lesions (Table).2** Most of these studies show that there is a high
level of agreement, and sometimes almost perfect agreement, among
pathologists in diagnosing benign epithelial proliferations as well as
invasive carcinomas. However, limited agreement is found in diag-
nosing atypical or borderline epithelial lesions of the breast.

One of the earliest studies in this regard was performed by Juan
Rosai in 1991. In this study, 5 expert breast pathologists inde-
pendently reviewed a selection of 17 cases with epithelial hyperplasia,
and although there was an overall 58% agreement rate, the results
showed that a unanimous consensus diagnosis was not attained in

TABLE. Studies Conducted to Assess Diagnostic Concordance Among
Pathologists for Breast Borderline Lesions.

Diagnostic .
ALH, LCIS, and invasive lobular lesions, 1: ltl}?(:ll):;:fs Experience Se&ist‘iaon Standard 1::&2::: Agr li‘::;ent
providing evidence that these lesions Required
share common genetic pathways with low- E:?g;zso’ 9 Expert Random None 40 82%
grade ductal lesions."” Lobular neoplasia
is distinct from low-grade ductal lesions, ?gﬁi‘ 5 Expert Selected None 17 58%
as the vast majority of lobular tumors also
lack E-cadheri . b £ Schnitt
ack E-cadherin expression because o s), 6 Expert Selected Page DL 2% 71%10 92%
genetic and/or epigenetic changes in the 1992%
CDHI1 gene.'® Molecularly, the E-cadherin Sloane JP, ]
. 19947 186-251 Community Selected None 51 42%t0 92%
gene is a tumor suppressor gene that fol-
lows Knudson’s classical 2-hit hypothesis
. VP Wels WA, 26 Community Random None 30 89%
in lobular carcinomas."” 19987
High-grade carcinomas, including high- Elmore
grade DCIS and high-grade invasive duc- 25(13",)21 115 Variable Random None 240 75%

tal carcinoma, have a distinct evolutionary
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any of the 17 cases.?? However, this study was
limited by small sample size, lack of uniform
criteria for diagnosing atypical lesions, and
selection of particularly challenging cases.

A subsequent study by Schnitt et al showed
that the interobserver agreement was higher
when diagnosing atypical epithelial lesions
of the breast using standardized criteria for
atypical lesions.?? A large United Kingdom
study also showed lack of significant agree-
ment in the diagnosis of atypical lesions.*
Wells et al conducted a study of nonexpert
(community) pathologists utilizing 30
randomly selected breast cases, not skewed
towards atypical lesions, and found high
overall diagnostic agreement among patholo-
gists for most cases, but significant disagree-
ment for atypical lesions and in situ malig-
nancies.”> A recent study by Elmore et al?!
investigated histological diagnoses of breast
lesions with an emphasis on distinguishing
atypical proliferative lesions from benign
epithelial proliferations and carcinoma in
situ among 115 experienced pathologists

of varying breast diagnostic expertise in 8
different states in the United States. Higher
discordance rates were found among breast
biopsies from women who had higher breast
density on mammographic examination,
and among pathologists who interpreted
lower weekly case volumes and/or worked
in nonacademic settings. Also, the majority
of the discordant cases were identified as
difficult or requiring a second opinion by
the participating pathologists themselves,
suggesting that outside of the constraints of
study participation, they would have sought
a second opinion.?!

It should be noted that none of these
studies accurately reflect the process by
which a pathologist renders a diagnosis for a
case. None of these studies allowed examina-
tion of additional sections of the biopsy, nor
were any immunohistochemical stains used;
the participants were also not permitted to
consult other pathologists.? Rigid diagnostic
categories were provided, and the patholo-
gist chose the most suitable category. The
majority of these studies were skewed toward
challenging cases, and had an enrichment
of atypical epithelial hyperplasia; this was in

FIGURE 2. Cumulative Incidence of Breast Cancer After a Diagnosis
of Atypical Hyperplasia.?”

The cumulative incidence of breast cancer in the same cohort is stratified according to the
number of foci of atypical hyperplasia identified in the original diagnostic biopsy. The dashed
lines denote 95% confidence intervals. (Reproduced with permission from the Massachusetts
Medical Society reported by Hartman LC et al. New Engl / Med. 2015;372:78-89.)
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contrast to routine practice, in which atypical lesions are relatively
infrequent (approximately 8%) among unselected cases.

Cumulative Risk of Breast Cancer After a Diagnosis of
Atypical Hyperplasia

Atypical hyperplasia and LCIS are considered premalignant
precursor lesions with a high risk of breast cancer in the ipsilateral
breast, and an elevated risk for breast cancer bilaterally. The
pioneering work in this field was conducted by Dupont and Page,
who performed a retrospective study of more than 3000 women
with a mean follow-up of 17 years. They found that women with
atypical ductal or lobular hyperplasia had a 4.4 times greater

risk of subsequent breast cancer compared with those who had a
benign breast biopsy.! Other studies have confirmed this signifi-
cantly increased risk.?”?> ALH and ADH do not behave differently
and are both associated with a similarly increased risk of both
invasive ductal and invasive lobular carcinomas.®*

Other unfavorable histological characteristics that elevate the risk for
subsequent cancers are increased by the presence of multifocal breast
atypia and a younger age at diagnosis (Figure 2). The
extent of lobular involution in the breast tissue surrounding the atypia
is also inversely related to the risk of breast carcinoma development.”
The mean time from atypia diagnosis to carcinoma is 10.3 years.?®

Both ADH and ALH progress to ductal carcinoma in the majority
of cases, with lobular carcinomas or other histologies observed in
approximately 20% to 25% of the cases after either ALH or ADH.
Results of a recent study showed that 30% of all patients with atyp-
ical epithelial hyperplasia developed invasive or in situ carcinoma
within 25 years of initial diagnosis. When ADH did progress to
carcinoma, it progressed to ductal carcinomas in 78% of the cases,
and to lobular or other breast cancer in the remaining 22%. Simi-
larly, when ALH progressed to carcinoma, it developed into ductal
carcinomas in 77% of specimens, and into lobular or other breast
cancer in the remaining 23%.7"%

Women with LCIS have a 7- to 10-fold increase in breast cancer
risk.*®3 The risk is found to be higher when LCIS was diagnosed
before 40 years of age as compared with an initial diagnosis of
LCIS after the age of 55 years.?”>* Although approximately 75% of
subsequent breast cancers are ipsilateral,®*® LCIS also predisposes
to increased risk of development of carcinoma in the contralateral
breast.”* LCIS may progress to either invasive ductal or invasive
lobular morphology.®*

Based on molecular as well as morphological studies, it was
postulated that borderline breast lesions are precursors for low-grade
DCIS and low-grade invasive carcinomas; however, recent studies
have shown that these borderline lesions may progress to higher-grade

cancers as well.?®

Current Management
Surgical excision is recommended for women who are diagnosed
with ADH (National Comprehensive Cancer Network), because

15% to 30% of the lesions initially diagnosed as ADH are found

to harbor in situ or invasive carcinoma on subsequent excision.
This is most likely due to the small volume of tissue sampled by
core needle biopsy compared with excision biopsy.*> Other possible
causes for this are that the lesion was underdiagnosed on the
original biopsy, or there may have been progression to cancer from
the atypical lesion, or the cancer and atypical lesion may be causing
the mammographic abnormality leading to the hyperplasia being
resected.?”3¢%7 Risk factors associated with upgrading of ADH to
carcinoma include the presence of ipsilateral breast symptoms,
mammographic lesions other than microcalcifications alone, small
size of the needle used for core biopsy, the presence of severe ADH,
papilloma codiagnosis, and a diagnosis of ADH performed by
pathologists with lower practice volume; all of these were inde-
pendently associated with malignancy.’® The presence of more than
3 foci involved by ADH also increases the chance of upgrading the
lesion to carcinoma in the excision biopsy.*” Given that the excision
of ADH may represent overtreatment, a recent series of ADH
diagnosed in breast core biopsies evaluated factors predicting low
risk of upgrade; the conclusion was that lack of necrosis, and either
1 ADH focus with at least 50% removal or 2 to 3 ADH foci with at
least 90% removal may identify patients at low risk for whom che-
moprevention without excision could be considered, if core needle
biopsy results are validated prospectively.*

Clinical management of women with lobular neoplasia, which en-
compasses both ALH and LCIS, is controversial. Some recommend
watchful waiting without surgical excision after a core breast biopsy
with lobular neoplasia,* while others recommend surgical treat-
ment. These borderline lesions usually have a low rate of upgrade
to an invasive carcinoma in an excision biopsy specimen, provided
these are either incidental findings or there is concordance between
radiological and pathological findings.*”* Worrisome features in
lobular neoplasia include the presence of a mass lesion or architec-

830 nonclassical LCIS morphology, or the absence

tural distortion,
of radiologic-pathologic correlation.**’! The National Surgical Adju-
vant Breast and Bowel Project tamoxifen prevention trial demon-
strated a nearly 50% reduction in subsequent development of
invasive breast cancer among patients with LCIS who were treated
with tamoxifen compared with placebo.* Similar® or greater* risk
reductions occur with raloxifene or amoratase inhibitors with less
toxicity. Patients receiving surveillance, either with or without che-
moprevention, should have screening mammography and clinical
examination every 6 to 12 months. While pLCIS is infrequent and
experience is limited, some recommend treatment similar to that
for DCIS, with surgical excision but no adjuvant radiation therapy.*
Many risk-assessment models are used clinically to estimate a
woman’s risk for development of carcinoma after breast biopsy.
The Breast Cancer Risk Assessment Tool or the Gail model are
commonly used; however, validation studies have shown that these
models underestimate the risk of cancer in patients with atypical
hyperplasia.* Other models such as the International Breast Cancer
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FIGURE 3. Cumulative Incidence for All Breast Cancers (including DCIS)
(red lines) and All ER-Positive Invasive Cancers (blue lines) According to
Treatment Allocation in Chemoprevention Trials (placebo control groups,

dashed lines; SERM-treatment groups, solid lines)

All breast cancer
----Placebo
—SERM

6 Invasive ER-positive
----Placebo
——SERM

Patients With Breast Cancer (%)

Prevention Strategies

Many risk factors for breast cancer such
as obesity, alcohol consumption, inactiv-
ity, and hormone replacement therapy
are identified, and all but the last are

on the rise. Other factors such as early
menarche, late-age pregnancies, absence
of breast feeding, and late menopause
further increase the risk for breast cancer.
Hence, weight reduction, active lifestyle,
and regular physical activity, as well as
decreasing alcohol consumption, have all
been shown to reduce breast cancer risk.

Follow-up (years)

Conclusions

There is a lack of uniformity in diagnosing

and treating borderline breast lesions. Use
Number at risk Follow-up (years) . . . .
of stringent criteria can improve the diag-
Placebo | 21,783 20,049 18,508 9334 5934 3968 nostic reproducibility of borderline lesions
SERM | 25432 23,506 21,338 10,345 6069 4007 of the breast. Surgical excision is recom-

DCIS indicates ductal carcinoma in situ; ER, estrogen receptor; SERM, selective estrogen receptor
modulator. Reprinted with permission from Elsevier, The Lancet. 2013;381:1827-1834.

Intervention Study (Tyrer-Cuzick) Model for risk assessment in
women with atypical hyperplasia have also not been found to
provide an accurate assessment of risk.* Hence, it has been recom-
mended that cumulative incidence data that portray actual breast
cancer events be used to counsel women with atypical hyperplasia.*’

Follow-up with annual mammography is recommended in
patients with diagnosis of atypical hyperplasia. Also, the American
Cancer Society guidelines recommend the use of annual MRI in
addition to mammography in women who are high risk for cancer
development, designated as greater than a 20% lifetime risk.*
Patients with a diagnosis of atypical hyperplasia of the breast have
a higher risk and an argument has been made that these patients
be similarly screened. MRI has been found to be more sensitive
than mammography alone in premenopausal women with high
breast density.”

The Breast Cancer Prevention Trial showed that selective estrogen
receptor modulator (SERM) treatment, such as tamoxifene citrate,
provides a significant risk reduction of carcinoma in women with
LCIS (56%) and atypical hyperplasia (86%).”> These observations of
risk reduction are supported by meta-analyses of multiple clini-
cal trials using a variety of antiestrogen therapies (Figure 3).2">
Tamoxifen has been shown to have a better risk-benefit profile than
raloxifene, and it is more effective in reducing the risk of invasive
as well as noninvasive carcinoma.>* Tamoxifen is the only drug that
is recommended for chemoprevention in premenopausal women.
For postmenopausal women, recent publications favor aromatase
inhibitors as the preferred preventive therapy.*

mended for ADH, while regular follow-up
is recommended for lobular neoplasia.
The current risk prediction models are not
suitable for counseling women regarding
their risk of developing cancer after a diagnosis of atypical breast
lesions and, therefore, reference to observed outcomes should be
used. Lifestyle modifications, and annual screening by mammogra-
phy with or without MRI, are recommended for women diagnosed
with borderline breast lesions. Chemoprevention using SERMs or
aromatase inhibitors can substantially decrease the risk of cancer
development for these women.
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