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Flat epithelial atypia is an alteration of mammary terminal duct lobular units that is considered to be a precursor
to, or early stage in, the development of some forms of ductal carcinoma in situ. No prior study has
systematically evaluated the relationship between various clinico-pathologic features of ductal carcinoma in
situ and the presence of coexistent flat epithelial atypia. An understanding of such relationships could provide
insight into the connection between flat epithelial atypia and ductal carcinoma in situ. We reviewed slides from
543 ductal carcinoma in situ patients enrolled in a case—control study assessing epidemiologic and pathologic
risk factors for local recurrence. We examined the association between the presence of flat epithelial atypia and
various clinical factors, pathologic features of the ductal carcinoma in situ, and the presence of coexistent
atypical ductal hyperplasia, lobular neoplasia, and non-atypical columnar cell lesions. In univariate analysis,
the presence of flat epithelial atypia was significantly related to ductal carcinoma in situ nuclear grade (most
common in low grade, least common in high grade; P<0.0001), architectural pattern (most common in
micropapillary and cribriform, least common in comedo; P<0.0001), absence of comedo necrosis (P<0.001),
absence of stromal desmoplasia (P=0.02) and absence of stromal inflammation (P=0.03). In multivariable
analysis, features of ductal carcinoma in situ independently associated with flat epithelial atypia were
micropapillary and cribriform patterns and absence of comedo necrosis. Additionally, flat epithelial atypia was
significantly associated with the presence of atypical ductal hyperplasia, lobular neoplasia, and columnar cell
lesions in both univariate and multivariable analyses. These observations provide support for a precursor—
product relationship between flat epithelial atypia and ductal carcinoma in situ lesions that exhibit particular
features such as micropapillary and cribriform patterns and absence of comedo necrosis.
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epithelial cells are replaced by one to several layers
of cuboidal to columnar epithelial cells that show
cytologic atypia, most commonly of the low grade or
monomorphic type resembling that seen in low-
grade ductal carcinoma in situ. While the term ‘flat
epithelial atypia’ was first introduced by the World
Health Organization Working Group on the Patho-
logy and Genetics of Tumors of the Breast in 2003,"
this lesion has been recognized for many years
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under a variety of different names, most notably
‘clinging carcinoma’ of the monomorphic type.*?*

It has been difficult to assess the clinical signi-
ficance of flat epithelial atypia due to variations in
the terminology used in the past and the limited
number of cases that have been studied in a
systematic fashion. Nonetheless, several small ob-
servational studies have clearly shown that the
lesion now recognized as flat epithelial atypia
commonly coexists with well-developed examples
of atypical ductal hyperplasia, low-grade ductal
carcinoma in situ and tubular carcinoma, and that
the cells comprising the flat epithelial atypia share
cytologic and immunophenotypic features with the
cells comprising these other lesions.*"* A number of
previous studies have also noted an association
between flat epithelial atypia and lobular neoplasia
(lobular carcinoma in situ and atypical lobular
hyperplasia).***~"°

Recent studies have begun to investigate the
genetic alterations in flat epithelial atypia through
loss of heterozygosity, comparative genomic
hybridization, and X chromosome inactivation
assays.">'®'” Although these studies were not pro-
spective, were based on small sample sizes, or
included a select group of patients, they have
demonstrated a number of genetic similarities in
flat epithelial atypia and coexistent ductal carcino-
ma in situ and invasive cancer, implying an
evolutionary relationship.

Based on the aforementioned observations, flat
epithelial atypia appears to be a neoplastic prolif-
eration that may well represent either a precursor
to, or the earliest morphologic manifestation of,
low-grade ductal carcinoma in situ, as well as a
precursor to invasive carcinoma, particularly tubu-
lar carcinoma. However, no prior study has system-
atically evaluated the relationships between various
clinico-pathologic features of ductal carcinoma in
situ and the presence of coexistent flat epithelial
atypia. The goal of the present study was to examine
the connection between flat epithelial atypia and
ductal carcinoma in situ among women enrolled in a
population-based study.

Materials and methods
Study Population

The population for this study consists of patients
derived from a case—control study nested within a
cohort of women diagnosed with a first primary
unilateral ductal carcinoma in situ and treated with
breast-conserving therapy between 1990 and 2001
and for whom pathology review has been completed
to date. The cohort was identified using cancer
registries or electronic medical records at three
health plans which are members of the Cancer
Research Network, a network of research programs,
enrollee populations, and databases of 11 health
maintenance organization members whose overall
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goal is to conduct collaborative research to deter-
mine the effectiveness of preventive, curative, and
supportive interventions for major cancers. The
three health plans participating in this study were
Kaiser Permanente of Northern California, Kaiser
Permanente of Southern California and Harvard
Pilgrim Health Care.

Patients were eligible if they were less than 85
years at diagnosis and had no prior breast cancer or
invasive cancer at another site. Patients were
excluded if breast cancer (ductal carcinoma in situ
or invasive disease) had been diagnosed in the
contralateral breast at the time of the index ductal
carcinoma in situ diagnosis or if they had a
mastectomy within 6 months of their ductal carci-
noma in situ diagnosis. Patients were also excluded
from this analysis if the pathology review deter-
mined that the initial diagnosis was not ductal
carcinoma in situ (see below).

At each of the three health plans, medical records
of potentially eligible patients were reviewed to
confirm the initial diagnosis, treatment and later-
ality of the index ductal carcinoma in situ and to
obtain information on subsequent breast cancer
events. Information was also collected on surveil-
lance mammography, and on all subsequent breast
biopsies. In addition, data were abstracted on
several patients and clinical factors at the time of
their index ductal carcinoma in situ (eg, use of
exogenous hormones [including tamoxifen], demo-
graphics, reproductive history), as well as on several
patient and clinical factors after their index ductal
carcinoma In situ.

The cohort was followed from the initial ductal
carcinoma in situ diagnosis until the earliest of the
following events: subsequent ductal carcinoma in
situ or invasive breast cancer, mastectomy of the
ipsilateral breast, death, termination of health plan
membership, or end of study period (last chart note
at time of medical record review).

Design of Nested Case-Control Study

Cases were patients whose first event during follow-
up was a breast cancer recurrence. A recurrence was
defined as any ipsilateral breast cancer event (ductal
carcinoma in situ or invasive) or any regional or
distant metastasis. At the time of each case’s
recurrence, up to two controls were randomly
selected from all surviving patients with no
evidence of a breast cancer recurrence as of
that date (ie, incidence density sampling). Controls
were individually matched to their case on age
(<45, 45-54, 55—64, 65—84 years), calendar year of

diagnosis (1990-1991, 1992-1993, 1994-1995,
1996—-1997, 1998-1999 and 2000-2001), and health
plan.

A total of 3668 potentially eligible ductal carci-
noma in situ patients were identified. Of these, 517
were ineligible for one or more of the following



reasons: miscoding of ductal carcinoma in situ in
the tumor registry (n=97), prior breast or other
cancer (n=216), bilateral breast cancer at diagnosis
(n=29), treatment of index ductal carcinoma in situ
with mastectomy (n=96), 85 years of age or older at
diagnosis (n=15), not followed within the health
plan for at least 6 months (n=98). In addition,
medical records were unavailable on 82 patients. Of
the 3069 remaining patients, we identified 343 with
a recurrence (cases) and selected 603 controls.
Diagnostic slides were unavailable on 31 cases and
79 controls. Pathology review to date has been
completed on 598 patients. Of these, 21 cases and 34
controls were found not to be ductal carcinoma in
situ at pathology review, leaving 543 patients (214
cases and 329 controls) for the present analysis.
When a control was found not to be ductal
carcinoma in situ on pathology review or diagnostic
slides were unavailable (n = 34), another control was
randomly selected.

Pathology Review

Available histologic slides and pathology reports
from all biopsy and surgical procedures (core needle
biopsy, initial excision and all re-excisions) pertain-
ing to the index ductal carcinoma in situ diagnosis
were obtained and reviewed simultaneously by two
breast pathologists (LCC, SJS) blinded to the case—
control status of the patient. Information regarding
specimen size, presence of a macroscopically evi-
dent tumor, macroscopic tumor size (if present),
status of the surgical margins, and the proportion of
the specimen submitted was abstracted from patho-
logy reports. Histologic features of ductal carcinoma
in situ evaluated included architectural patterns
(comedo, solid, cribriform, micropapillary, papil-
lary, or clinging), nuclear grade (low, intermediate,
or high), comedo necrosis, involvement of lobules
(defined as the presence of ductal carcinoma cells
within identifiable, pre-existing lobular units),
stromal desmoplasia, stromal inflammation, and
status of surgical margins. For architectural pattern
the primary (or predominant), secondary and ter-
tiary patterns were recorded; for the purposes of this
analysis only the predominant architectural pattern
was used. Similarly, for nuclear grade the predomi-
nant as well as the highest nuclear grade was
recorded; for the purposes of this analysis, the
predominant nuclear grade was used. The presence
in breast tissue adjacent to ductal carcinoma in situ
of atypical ductal hyperplasia (either immediately
adjacent or as separate foci), lobular carcinoma
in situ, atypical lobular hyperplasia, flat epithelial
atypia and non-atypical columnar cell lesions
(columnar cell change and columnar cell hyperpla-
sia) as well as other benign non-proliferative and
proliferative changes was also recorded.

As described previously,*® flat epithelial atypia is
characterized by enlarged terminal duct lobular
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Figure 1 Flat epithelial atypia. The acini in this terminal duct
lobular unit are enlarged and dilated; the lumina contain
secretions and calcifications. The epithelial lining consists of
columnar cells with prominent apical snouts. The nuclei are
round to ovoid and monomorphic.

units with variably dilated acini, which often
contain flocculent secretory material and calcifica-
tions. The epithelial lining of the acini consists of
one to several layers of cuboidal to columnar cells
that exhibit monomorphic-type cytologic atypia
with round, regular nuclei (Figure 1). While these
cells can show some cellular stratification and
tufting, flat epithelial atypia lacks complex archi-
tectural patterns such as well-developed micropa-
pillations, rigid cellular bridges, bars and arcades, or
punched-out fenestrations. Lesions that show both
monomorphic cytologic atypia and complex archi-
tectural patterns as described above are best con-
sidered atypical ductal hyperplasia or ductal
carcinoma in situ, depending upon the severity
and extent of the cytologic and architectural fea-
tures. The relatively round, monomorphic appear-
ance of the nuclei distinguishes flat epithelial atypia
from non-atypical columnar cell lesions (columnar
cell change and columnar cell hyperplasia) which
are characterized by ovoid to elongated nuclei that
are regularly oriented perpendicular to the basement
membrane of the involved spaces.'® Lesions with a
flat growth pattern but with high-grade cytologic
atypia were classified as ductal carcinoma in situ
with a ‘clinging’ pattern and not as flat epithelial

atypia.

Statistical Analysis

For the current study, we conducted an interim
analysis of all eligible patients for whom pathology
review has been completed to date. We examined
the clinical and pathologic features of ductal
carcinoma in situ associated with the presence of
flat epithelial atypia regardless of the patient’s case—
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control status. The yx? test was used to examine
whether flat epithelial atypia was statistically signi-
ficantly associated with other variables of interest
without stratification by case—control status. Logis-
tic regression modeling was used to examine which
variables were associated with flat epithelial atypia,
independent of their association with other vari-
ables. Variables of interest included: age, method of
detection of ductal carcinoma in situ, history of
breast cancer in first-degree blood relative, nuclear
grade, architectural pattern, presence of necrosis,
and other associated pathologic changes (ie, atypical
ductal hyperplasia, lobular neoplasia, and non-
atypical columnar cell lesions).

Institutional Review Board Approval

The study was approved by the Kaiser Permanente
Inter-regional Institutional Review Board and by the
Institutional Review Boards at Harvard Pilgrim
Health Center and Beth Israel Deaconess Medical
Center, Boston, MA, USA.

Results

Among the 543 women in this analysis, the median
patient age was 57 years (range 26—84 years). Ductal
carcinoma In situ was diagnosed on a screening
mammogram in 424 women (78%) and because of a
palpable mass or other sign or symptom in 115
(21%). In the remaining four, the mode of presenta-
tion was unknown. The median number of slides
reviewed per patient was 18 (range, 1-91 slides).

Overall, flat epithelial atypia was present in 103
(19%) of the 543 patients with ductal carcinoma
in situ. The prevalence of flat epithelial atypia in
association with ductal carcinoma in situ among
cases and controls was similar (20 and 19%,
respectively). The presence of flat epithelial atypia
did not differ across age at diagnosis, family history
of breast cancer, and mode of presentation (Table 1).

In univariate analysis, the presence of flat epithe-
lial atypia was significantly associated with ductal
carcinoma in situ nuclear grade (flat epithelial
atypia present in 34, 23, and 9% of cases with low,
intermediate, and high nuclear grade, respectively;
P<0.0001), architectural pattern (flat epithelial
atypia present in 39, 27, 15, 11, and 6% of cases
with micropapillary, cribriform, papillary, solid, and
comedo patterns, respectively, P<0.0001), absence
of comedo necrosis (P<0.0004), absence of stromal
desmoplasia (P=0.02) and absence of stromal
inflammation (P=0.03) (Table 2).

In multivariable analysis, pathologic features of
ductal carcinoma in situ independently associated
with flat epithelial atypia were architectural pat-
terns (P=0.0006) and absence of comedo necrosis
(P=0.005). In addition, flat epithelial atypia was
associated with the presence of atypical ductal
hyperplasia, lobular neoplasia, and non-atypical
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Table 1 Relationship between flat epithelial atypia and clinical
features of patients with ductal carcinoma in situ

N Flat epithelial P-value
atypia present
Age at diagnosis
<50 166 36 (22%) 0.2
>50 377 67 (18%)
Presentation
Mammographic 424 77 (18%) 0.5
abnormality
Signs, symptoms 115 24 (21%)
(palpable mass)
Unknown 4 2
Family history*
No 430 79 (18%) 0.5
Yes 97 21 (22%)
Unknown 16 3

#History of breast cancer in first degree blood relative (mother, sister
or daughter) noted at or within 6 months of ductal carcinoma in situ
diagnosis.

Table 2 Relationship between flat epithelial atypia and patho-
logic features of ductal carcinoma in situ

Ductal carcinoma in N Flat epithelial P-value
situ nuclear grade® atypia present
Low 47 16 (34%) <0.0001
Intermediate 301 70 (23%)
High 195 17 (9%)
Ductal carcinoma in situ pattern®
Micropapillary 36 14 (39%) <0.0001
Cribriform 185 50 (27%)
Papillary 66 10 (15%)
Solid 187 21 (11%)
Comedo 63 4 (6%)
Other: clinging 6 4
Comedo necrosis
Absent 242 62 (26%) 0.0004
Present 301 41 (14%)
Unknown 4 1
Cancerization of lobules
Absent 205 38 (18%) 0.8
Present 337 65 (19%)
Unknown 1 0
Stromal desmoplasia
Absent 339 75 (22%) 0.02
Present 204 28 (14%)
Stromal inflammation®
Absent 368 79 (22%) 0.03
Present 175 24 (14%)
“Predominant.

columnar cell lesions in these specimens in both
univariate and multivariable analyses (P<0.005)
(Tables 3 and 4).



Table 3 Relationship between flat epithelial atypia, atypical
ductal hyperplasia, lobular neoplasia (atypical lobular hyperpla-
sia/lobular carcinoma in situ) and columnar cell change

N Flat epithelial P-value
atypia present
(%)
Atypical ductal hyperplasia
Absent 346 37 (11) <0.0001
Present 197 66 (34)

Atypical lobular hyperplasia/lobular carcinoma in situ

Absent 404 59 (15) <0.0001
Present 139 44 (32)

Columnar cell change
Absent 381 53 (14) <0.0001
Present 162 50 (31)

Table 4 Pathologic features significantly associated with the
presence of flat epithelial atypia on multivariable analysis®

Odds 95% P-value
ratio Confidence
interval
Architectural pattern
Solid 1.0 Referent
Micropapillary 5.1 (2.1-12.5) 0.0006
Cribriform 2.2 (1.2—4.1)
Papillary 1.0 (0.4-2.4)
Comedo 0.7 (0.2-2.3)
Necrosis
Absent 1.0 Referent 0.005
Punctate 0.3 (0.1-0.8)
Comedo 0.5 (0.3-0.8)
Atypical ductal hyperplasia
Absent 1.0 Referent <0.0001
Present 3.1 (1.9-5.2)
Lobular neoplasia
Absent 1.0 Referent 0.002
Present 2.3 (1.3-3.9)
Columnar cell change
Absent 1.0 Referent 0.002
Present 2.2 (1.3-3.7)

#Logistic model includes all variables in the table.

Discussion

Several prior small, observational studies have
examined the relationship between flat epithelial
atypia and histologic features of ductal carcinoma
in situ.*** However, our study represents the largest
and most detailed study of this subject to date. In
our review of histologic sections from 543 patients
with ductal carcinoma in situ, we demonstrated that
flat epithelial atypia is most often seen in associa-
tion with ductal carcinoma in situ lesions with
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particular pathologic characteristics. The features of
ductal carcinoma in situ most frequently associated
with the presence of flat epithelial atypia in
univariate analysis were low nuclear grade, and
micropapillary and cribriform patterns. Further-
more, features such as comedo necrosis, stromal
desmoplasia and stromal inflammation which are
most often seen in association with high-grade
ductal carcinoma in situ had an inverse association
with the presence of flat epithelial atypia. In multi-
variable analysis, micropapillary and -cribriform
patterns and the absence of comedo necrosis were
independently associated with the presence of flat
epithelial atypia.

These findings are consistent with those of prior
small observational studies indicating that flat
epithelial atypia commonly coexists with well-
developed examples of low-grade ductal carcinoma
in situ and tubular carcinoma and that the cells
comprising the flat epithelial atypia share cytologic
and immunophenotypic features with the cells
comprising these other lesions.>** Of interest, flat
epithelial atypia was 3-times more common among
ductal carcinoma in situ specimens that also showed
atypical ductal hyperplasia than among those with-
out atypical ductal hyperplasia. This observation
provides further circumstantial evidence in support
of a relationship between flat epithelial atypia,
atypical ductal hyperplasia and low-grade ductal
carcinoma in situ.

We also noted that flat epithelial atypia was seen
more than twice as often among ductal carcinoma in
situ specimens that also had lobular neoplasia
(lobular carcinoma in situ and atypical lobular
hyperplasia) than among those without lobular
neoplasia. A number of authors have previously
noted an association between flat epithelial atypia
and lobular neoplasia.’>*®'® Recent genetic studies
have suggested that lobular neoplasia and low-grade
ductal neoplasia are closely related entities and our
findings are consistent with those observations.*°

A number of studies have investigated the genetic
alterations in flat epithelial atypia. Moinfar et al'?
showed loss of heterozygosity at one or more of the
eight loci evaluated in 9 of 13 cases of ‘Ductal
Intraepithelial Neoplasia-flat monomorphic type’
(flat epithelial atypia) and further, that the genetic
alterations in these lesions were the same as those in
the associated ductal carcinoma in situ or invasive
cancer. In another study using comparative genomic
hybridization to evaluate 81 lesions from 18
patients, Simpson et al'® found genomic changes
not only in examples of flat epithelial atypia but also
in examples of columnar cell change and columnar
cell hyperplasia. In addition, in five of eight cases,
there was overlap in the molecular profiles of the
columnar cell lesions/flat epithelial atypia and
coexistent ductal carcinoma in situ and invasive
cancer, implying an evolutionary relationship. Ad-
ditionally, Dabbs et al'” examined the spectrum of
columnar cell lesions for loss of heterozygosity at 10
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loci. Losses were seen in 10 of 15 examples of
atypical columnar cell hyperplasia/flat epithelial
atypia. Again, some of the observed genetic altera-
tions in the columnar cell lesions were similar to
those seen in the associated ductal carcinoma in situ
and invasive carcinoma suggesting a precursor—
product relationship. Most recently, Abdel-Fatah et
al** have demonstrated a very high prevalence of flat
epithelial atypia in association with invasive carci-
nomas, particularly tubular and invasive lobular
carcinomas, lending yet further support to the
hypothesis that flat epithelial atypia represents a
precursor along a low-grade neoplasia pathway.

Although the natural history of the flat epithelial
atypia-ductal carcinoma in situ sequence can only
be established in a prospective study, our observa-
tions, in conjunction with those of recent genetic
studies, provide support for a precursor—product
relationship among flat epithelial atypia, atypical
ductal hyperplasia, low-grade ductal carcinoma in
situ, and low-grade invasive breast cancers.

With regard to potential limitations to our study,
although we found that 19% of the ductal carcinoma
in situ subjects in this study showed associated flat
epithelial atypia, it could be argued that this may
not be representative of the prevalence of flat
epithelial atypia in association with ductal carcino-
ma in situ in the general population, or in a larger
cohort. The parent study from which our population
was derived is a case—control study of women who
had breast conserving therapy for the treatment of
ductal carcinoma in situ. If flat epithelial atypia
were to be associated with an increased risk for the
development of recurrent ductal carcinoma in situ
or progression to invasive cancer, its frequency
would be expected to be higher among cases than
it would be among controls or among a consecutive
series of patients with ductal carcinoma in situ.
However, given that the prevalence of flat epithelial
atypia in association with ductal carcinoma in situ
among cases and controls was similar, the fact that
our study population was derived from a case—
control study rather than a cohort study likely had
little impact on our results and suggests that the
prevalence of flat epithelial atypia in patients with
ductal carcinoma in situ may, in fact, be approxi-
mately 20%. However, the true prevalence of flat
epithelial atypia in association with ductal carcino-
ma in situ would need to be determined from a
prospective cohort study.

There are a number of strengths to our study
worth emphasizing. First, in at least 82% of subjects
all of the tissue submitted for pathologic examina-
tion was available for review (in some subjects the
number of blocks submitted for pathologic examina-
tion was not recorded in the original pathology
report). Second, all histologic sections were subject
to central review by two pathologists with expertise
in breast pathology. Finally, this analysis represents
the largest population of women with ductal
carcinoma in situ for which formal pathology review
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and systematic evaluation for the presence of flat
epithelial atypia has been conducted.

In conclusion, we have demonstrated that flat
epithelial atypia is significantly and independently
associated with ductal carcinoma in situ with a
micropapillary and/or cribriform architecture as
well as an absence of comedo necrosis, features
most often seen in low-grade ductal carcinoma in
situ. While results of observational studies such as
ours cannot be used to prove a precursor—product
relationship between flat epithelial atypia and
ductal carcinoma in situ with these features, our
findings provide additional evidence to support the
concept that flat epithelial atypia is an early event in
the development of low-grade ductal neoplasia.
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