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Abstract

Background Tailor-made therapies are currently gaining
prominence, and the clarification of predictive markers for
anticancer agents represents an important research issue.
From our institutional neoadjuvant experience, apocrine
carcinoma showed a high correlation with therapeutic
effect against breast cancer. We thus considered that apo-
crine metaplasia (AM) might represent a predictive marker
for breast cancer.

Methods A total of 210 primary invasive breast cancers
from Japanese patients were scored according to the size of
cytoplasmic granules and abundance of cytoplasm, then
classified into three categories: non-AM, incomplete AM
and complete AM. Clinicopathological features were
evaluated based on these classifications.

Results  Distribution according to the classification of AM
was: non-AM, 61%; incomplete AM, 36%; and complete
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AM, 3%. No significant differences with regard to estrogen
receptor, progesterone receptor, human epidermal growth
factor receptor type 2, androgen receptor or bcl-2 were
observed among the three groups. Gross cystic fluid pro-
tein-15 showed a high positive rate (83%) for complete
AM. Cases of incomplete AM and complete AM were
combined to form the AM group. Among lymph node-
positive patients without chemotherapy, the 10-year
recurrence-free survival (RFS) rate was 85% for non-AM
and 44% for AM (p < 0.05). Conversely, among the lymph
node-positive group with chemotherapy, the 10-year RFS
rate was 45% for non-AM and 75% for AM (p < 0.05).
Prognoses for non-AM and AM were turned around by
chemotherapy. Lymph node metastasis was related to
prognosis in multivariate analysis, although AM did not
remain an independent prognosticator.

Conclusions Apocrine metaplasia appears to offer an
effective predictive marker for anticancer therapy.

Keywords Breast cancer - Apocrine metaplasia -

Chemotherapy - Predictive marker

Abbreviations
AM Apocrine metaplasia

IDC-NST  Invasive ductal carcinoma of no special type

RFS Recurrence-free survival

ER Estrogen receptor

PgR Progesterone receptor

HER2 Human epidermal growth factor receptor
type 2

AR Androgen receptor

CMF Cyclophosphamide, methotrexate and
fluorouracil

GCDFP-15 Gross cystic disease fluid protein-15
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- Introduction

Apocrine metaplasia (AM) is a common pathological change
in breast epithelial cells and is seen in association with nor-
mal ducts and lobules, benign lesions such as cyst and pap-
illoma, in situ carcinoma and invasive carcinoma {1-3].
Apocrine carcinoma demonstrates the same architectural
growth pattern as invasive ductal carcinoma of no special
type (IDC-NST), differing only in cytological appearance.
Carcinoma showing cytological features of apocrine cells in
most of the tumor cells is diagnosed as apocrine carcinoma
{1, 4, 5]. The prevalence of apocrine carcinoma is reportedly
0.34% [2, 6-8). AM is not reflected in the diagnosis if the
association with breast cancer is focal or incomplete,
but these kinds of AM are not uncommon and can be seen in
12-63% of IDC-NST [7, 9, 10].

Breast cancer is classified into numerous histological
types according to morphology. Recently, in addition to the
classification of estrogen receptor (ER), progesterone
receptor (PgR) and human epidermal growth factor
receptor type 2 (HER2), classification by gene profiling
using DNA microarray analysis has been established and
has opened a new era of histological classification for the
breast cancer. Conversely, to achieve optimal systemati-
zation for chemotherapy, there is a continual drive to
identify markers that will aid in predicting prognosis and
response to therapy [11-15]. Breast cancer is a morpho-
logically and biologically heterogeneous disease that
shows individual responses to the same treatment. Valid
predictors of the efficacy of chemotherapy would allow the
selection of candidates who will respond well to treatment
and would also help to exclude poor candidates who are
likely to experience undesirable side effects rather than the
benefits of treatment. Over the last decade, several efforts
have been made to identify predictors of response to anti-
cancer agents. ER and PgR status has been used for many
years to help determine the suitability of patients for
endocrine therapy. More recently, testing for HER2 has
been included in routine patient workups, in recognition of
the value of this parameter as both a prognostic marker
and, more particularly, a predictor of response to trast-
uzumab. In addition, numerous studies have investigated
prognostic factors in breast cancer, such as histopatholo-
gical features [16] and, at the molecular level, proliferation
indices (Ki67, S-phase fraction) and p53 mutations to
predict response to general anticancer agents. Evaluations
have likewise been conducted for dihydropyrimidine
dehydrogenase and thymidylate synthase levels in tumor to
predict response to S-fluorouracil [17, 18] and HER2 and
topoisomerase Il levels in tumor to predict response to
anthracycline [19, 20]. Such predictive biomarkers remain
under development.

@_ Springer
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At the Cancer Institute Hospital of the Japanese Foun-
dation for Cancer Research, neoadjuvant chemotherapy
was performed for 473 patients between January 2000 and
June 2006 [21]. The rate of complete response according to
histological therapeutic efficacy criteria in Breast Cancer
Management was 7% (10/141) for solid-tubular carcinoma,
which was the most effective therapeutic effect among
IDC-NST. With respect to special types, few cases of
apocrine carcinoma were seen, and the rate of complete
response was 25% (2/8), representing the highest thera-
peutic effect among the histological types of invasive
carcinoma. This result suggests AM as a good candidate for
a predictive marker.

AM is also interesting at the level of basic research.
Farmer et al. [22] reported the identification of a group of
breast tumors with increased androgen signaling and a
“molecular apocrine” gene expression profile using cDNA
expression arrays. All tumors in this group were ER-neg-
ative and were non-basal tumors as defined by the intrinsic
gene set in the Stanford array studies [23]. Pathological
review of these tumors showed that all demonstrated
marked apocrine features, so the tumors were referred to as
“molecular apocrine.” Molecular apocrine tumors over-
lapped significantly with the HER2 group, for which
anthracycline regimens show high efficacy [24, 25], sug-
gesting a link between AM and chemosensitivity at the
molecular level. Associations between therapeutic effect
and “molecular apocrine” have yet to be studied, and the
clinical value of “molecular apocrine” remains unclear.
Further studies are required to confirm associations
between “molecular apocrine” and therapeutic effect.

The present study hypothesized that AM offers a useful
predictive marker for therapeutic efficacy and proceeded to
analyze our institutional data retrospectively.

Patients and methods
Patients

We retrospectively examined data from 483 Japanese
patients who had been surgically treated for primary
invasive breast cancer in 1996 at the Cancer Institute
Hospital, Tokyo, Japan. Patients with bilateral breast can-
cer, unilateral multiple breast cancers, unknown cause of
death, double cancers, neoadjuvant therapy, post-excisional
biopsy, stage IV cancer, unmeasurable cancer (tremendous
lymphatic permeation or mucocele-like tumor) or death
due to reasons other than breast cancer were excluded from
analysis. A total of 210 cases (43%) with tumors showing a
diameter of 1.1-3.0 cm were selected. Median duration of
follow-up was 124 months (range 43—129 months).
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In 1996, no guidelines had been set for adjuvant therapy,
and the individual doctor made the decision as to whether
adjuvant therapy would be performed for a patient. Hor-
mone therapy was considered to have been performed if
duration of this therapy was >2 years. At that time, 92% of
adjuvant hormonal therapy was tamoxifen and 70% of
adjuvant chemotherapy was cyclophosphamide, metho-
trexate and fluorouracil (CMF).

Scoring

A representative slide was stained using hematoxylin and
eosin. Based on the characteristics of AM, we scored the
size of cytoplasmic granules and the abundance of cyto-
plasm into three categories each. Abundance of cytoplasm
was defined as the ratio of cytoplasmic area to nuclear area.
Cytoplasmic granule score was: 1, no cytoplasmic gran-
ules; 2, fine cytoplasmic granules; 3, coarse cytoplasmic
granules (Fig. 1). Abundance of cytoplasm score was: 1,
ratio <2; 2, ratio >2 but <3; 3, ratio >3 (Fig. 2). Total
score was then classified as follows: total score 2 or 3, non-
AM; 4 or 5, incomplete AM; 6, complete AM.

Immunohistochemistry

Staining for ER, PgR, HER2, gross cystic disease fluid
protein (GCDFP)-15, AR and bcl-2 were performed
immunohistochemically. All immunohistochemical studies
were performed using formalin-fixed, paraffin-embedded
specimens. Representative slides were selected for immu-
nohistochemistry. Antigen retrieval was performed by
boiling sections to be immunostained for ER, PgR or bcl-2

Fig. 1 Cytoplasmic granule
score (H&E). a Score 1, no
cytoplasmic granules. b Score 2,
fine cytoplasmic granules.

¢ Score 3, coarse cytoplasmic
granules

Fig. 2 Abundance of
cytoplasm score (H&E). a Score
1, cytoplasmic area/nuclear area
<2. b Score 2, cytoplasmic
area/nuclear area >2 but <3.

¢ Score 3, cytoplasmic
area/nuclear area >3
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for 2 min in 10 mM citrate buffer (pH 6) utilizing a pres-
sure cooker. For AR immunohistochemistry, sections were
boiled in Target Retrieval Solution High pH (Dako, Car-
pinteria, CA) for 40 min. Antigen retrieval was not needed
for GCDFP-15 staining. Sections were incubated with the
following antibodies: anti-GCDFP-15 mouse monoclonal
(clone D6, diluted 1:100; Signet Laboratories, Dedham,
MA), anti-AR mouse monoclonal (clone AR27, diluted
1:100; Novocastra Laboratories, Newcastle, UK), predi-
luted anti-ER mouse monoclonal (clone 1D5; Dako), pre-
diluted anti-PgR mouse monoclonal (clone 1A6; Dako) and
anti-bcl-2 oncoprotein mouse monoclonal (clone 124,
diluted 1:20; Dako). Incubation for anti-GCDFP-15, -ER,
-PgR and -bcl-2 antibodies was for 60 min at room tem-
perature, while that for anti-AR antibody was overnight at
4°C. ChemMate Envision (Dako) was used for all immu-
nohistochemical reactions. Appropriate negative and posi-
tive controls were included in each batch. HER2
immunohistochemistry was performed using a Dako Her-
ceptest kit (Dako) according to the designated procedure.

Immunoreactivities for ER, PgR, AR, GCDFP-15 and
bcl-2 were scored independently by evaluating the per-
centage of positively stained cancer cells, with nuclear
immunoreactivity to steroid hormone receptors in >10% of
cancer cells and cytoplasmic immunoreactivity to GCDFP-
15 and bcl-2 in >10% of cancer cells considered as posi-
tive results. Tumors were considered HER2-positive if
>10% of tumor cells showed distinct circumferential
membrane staining. HER2 was scored with a system that
has recently come into clinical use (scores: 0; 14, >10%
cells weakly positive; 2+, moderate homogeneous stain-
ing; 3+, strong homogeneous staining).
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Statistical analysis

Recurrence-free survival (RFS) and overall survival were
calculated using Kaplan-Meier methods and compared
using log-rank testing. Statistical differences were analyzed
using the x° test, or Fisher’s exact test when indicated.
Values of p <005 were considered statistically
significant.

Results

Relationship between classification of apocrine
metaplasia and clinicopathological characteristics

For the 210 patients, the distribution according to the
classification of AM was: non-AM, 61%; incomplete AM,
36%; and complete AM, 3%. In 1996, only three cases of
breast cancers were diagnosed as apocrine carcinoma, with
incomplete AM in two cases and complete AM in the
remaining case according to our scoring system. Mean age
was 52 years for non-AM, 56 years for incomplete AM and
61 years for complete AM. Age tended to be higher for
patients with complete AM than for the other groups, but
no significant difference was identified. The rate of positive
lymph node metastasis was comparable among the three
groups. According to the architectural growth pattern, non-
AM was mostly scirrhous carcinoma that invaded dif-
fusely, while incomplete AM and AM appeared as solid-
tubular carcinoma that invaded expansively. This differ-
ence was significant (p < 0.05) (Table 1).

Classification of apocrine metaplasia
and immunohistochemical characteristics

No significant differences with regard to ER, PgR, HER?2,
AR or bel-2 were observed between groups. For complete
AM, rates of ER and PgR double-negative and bcl-2-neg-
ative were both 67% (4/6), respectively, tending to be
higher than in the other groups. The AR-positive rate was
64% in all cases, and no significant difference in AR was
seen between groups. The positive rate for GCDFP-15 was
83% for complete AM, 37% for incomplete AM and 25%
for non-AM (p < 0.05) (Table 2).

Correlations to clinical outcome

To investigate whether the three different groups identified
by the scoring system represented clinically distinct sub-
groups of patients, univariate survival analyses were per-
formed to compare groups in terms of overall survival and
RFS (Fig. 3). No significant differences in RFS or overall
survival were apparent between groups. Cases of incom-
plete and complete AM were combined to form an AM
group, then therapeutic effects were compared between
AM and non-AM groups. No significant differences in RFS
were observed between groups either with or without
chemotherapy. However, in the with-chemotherapy group,
AM showed better prognosis than non-AM in terms of
10-year RFS rates (non-AM, 60%; AM, 74%) (Fig. 4). We
also examined the RFS of patients stratified according to
nodal status. In the lymph node-negative group, no
significant differences in RFS were observed between

Table 1 Clinicopathological characteristics of classification of apocrine metaplasia

All (n = 210) Non-apocrine Incomplete apocrine Complete apocrine p value
metaplasia (n = 129) metaplasia (n = 75) metaplasia (n = 6)
Distribution 61% 36% 3%
Median age (range, years) 54 (24-80) 52 (24-79) 56 (36-74) 61 (49-80) 0.17
Tumor size (cm) 1.8 1.8 1.9 1.7 0.93
Lymph node metastasis
Negative 124 82 39 0.14
Positive 86 47 36
Architectural growth pattern
Papillotubular 15 10 4 1 <0.05
Solid-tubular 91 34 53 4
Scirrhous 104 85 18 1
Hormonal therapy
No 147 97 47 3 0.09
Yes 63 32 28 3
Chemotherapy
No 124 76 43 5 0.46
Yes 86 53 32 1
@ Springer
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Table 2 Immunohistochemical characteristics of classification of apocrine metaplasia

All (n = 210) Non-apocrine Incomplete apocrine Complete apocrine p value
metaplasia (n = 129) metaplasia (n = 75) metaplasia (n = 6)

ER, PgR
ER (-) PgR (-) 67 37 26 4 0.13
ER (+) PgR (+) 102 64 37 1
ER (+) PgR (—) 32 19 12 1
ER (—) PgR (+) 9 9 0 0

HER2
0 150 95 50 5 0.55
1+ 13 7 6 0
2+ 10 6 3 1
3+ 37 21 16 0

AR
Negative 75 46 26 3 0.75
Positive 135 83 49 3

bel-2

* Negative 63 37 22 4 0.14
Positive 147 92 53 2

GCDFP-15
Negative 145 97 47 1 <0.05
Positive 65 32 28 5

ER Estrogen receptor, PgR progesterone receptor, HER2 human epidermal growth factor receptor type 2, AR androgen receptor, GCDFP-15

gross cystic disease fluid protein-15
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patients with or without chemotherapy (Fig. 5). However,
in the lymph node-positive group without chemotherapy,
the 10-year RFS rate in patients with non-AM was 85%
compared to 44% in patients with AM (p < 0.05) (Fig. 6).
The AM group thus showed worse prognosis than the
non-AM group. Conversely, in the lymph node-positive
group with chemotherapy, the 10-year RFS rate was 45%
in patients with non-AM and 75% in patients with AM
(» < 0.05) (Fig. 7). The AM group thus showed better
prognosis than the non-AM group. We also examined RFS
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excluding cases with metastasis to >10 lymph node. In the
group without chemotherapy, AM was still associated with
significantly worse outcomes than non-AM (10-year RFS
rate: AM, 44%; non-AM, 85%; p < 0.05), while in the
group with chemotherapy, no significant difference was
apparent in RFS rate between non-apocrine and AM. No
significant differences, except in architectural growth pat-
tern, were noted when the various clinical and pathological
parameters (including age, tumor size, lymph node
metastasis, HER2 and hormonal therapy) were compared
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