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Abstract

Background: With a prevalence of only 1% among all breast cancers
in Japan, apocrine carcinoma (AC) is a rare type of breast cancer, and
its clinicopathological characteristics remain unclear. The aim of this
study was to evaluate the characteristics and prognosis of AC, in rela-
tion to the presence or absence of androgen receptor (AR).

Methods: We conducted a retrospective multi-center case-control
study (Yokohama Clinical Oncology Group (YCOG): YCOG1701
study) in Japan. A total of 53 patients were registered who were diag-
nosed with AC between 2000 and 2017 in YCOG-aftiliated hospitals.
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Results: The median age of the patients was 67 (43 - 94) years, and
the median observation time was 6.1 years. Among the 53 cases, 24
had triple-negative pure AC (TN-PAC; AR-positive), whereas 29 had
other types of AC (other-AC; estrogen receptor-positive and/or human
epidermal growth factor receptor 2-positive or AR-negative). Tumor
size was smaller (1.4 vs. 2.1 cm, P = 0.024) and metastasis occurred
in fewer nodes (12.5% vs. 37.9%, P = 0.036) in the TN-PAC group
than in the other-AC group. The number of patients who were ad-
ministered perioperative adjuvant chemotherapy did not significantly
differ between the two groups (TN-PAC/other-AC = 50.0%/55.2%,
P = 0.525); however, there was no recurrence in the TN-PAC group,
compared to five cases with relapse in the other-AC group.

Conclusions: AR-positive AC patients showed a favorable prognosis
without adjuvant chemotherapy, even with the TN subtype. A clinical
trial exploring the possibility of treatment de-escalation is anticipated.

Keywords: Breast cancer; Triple-negative apocrine carcinoma; An-
drogen receptor

Introduction

Apocrine carcinoma (AC) is a rare type of breast cancer, in-
volving apocrine cells with large, round, plump, and centrally
located nuclei containing prominent nucleoli, distinctive bor-
ders, and an eosinophilic and granular cytoplasm [1-4]. It is
classified pathologically as a special type; however, the lack
of objective diagnostic criteria has resulted in a low reported
prevalence of 0.4-4% of all breast cancers, with the typical
presentation making up 1% [5].

Biological classification is essential for breast cancer di-
agnosis and treatment. Breast cancer is divided into four types
based on the expression of estrogen receptor (ER), progester-
one receptor (PgR), and human epidermal growth factor re-
ceptor 2 (HER2). Subtypes are used in daily clinical practice
to choose the best form of systemic therapy. Triple-negative
(TN) breast cancer typically tests negative for ER, PgR, and
HER2. TN breast cancer is unresponsive to endocrine therapy
and HER2 therapy besides anticancer drugs. Guidelines rec-
ommend using pre- or post-surgical chemotherapy for nearly
all patients with TN breast cancer, owing to its high recurrence
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rate and poor prognosis [6]. Although there are multiple sub-
types included in AC, 28-70% of them are TN [7-10]. Given
the inclusion of multiple subtypes and mixed definitions in di-
agnosis, the prognosis of AC remains controversial [11].

AC is also known to express androgen receptors (ARs).
The WHO proposed a characteristic steroid receptor profile:
ER-negative and AR-positive as desirable criteria for AC [12].
A pure AC (PAC) has been reported to be ER-negative, PgR-
negative, and AR-positive, which is included in a definition
of WHO [3, 13]. TN breast cancer was classified into several
subtypes according to gene signature, and TN with AR expres-
sion has a preferable prognosis among other TN subtypes [14].
We hypothesized PAC has a better prognosis than other ACs.
The aim of this study was to evaluate the clinicopathological
characteristics and prognosis of AC, in relation to the presence
or absence of AR.

Materials and Methods

Patients and tumor specimens

This study was a multi-center retrospective case-control
study in Japan conducted by the Yokohama Clinical Oncol-
ogy Group (YCOG1701 study). Among 80 patients diagnosed
with AC, 53 patients whose tumors could be evaluated for AR
expression were enrolled. These patients received treatment
between January 2000 and December 2018 at the Yokohama
City University Hospital and its related facilities: Yokohama
City University Medical Center, Yokohama City Minato Red
Cross Hospital, Yokohama Rosai Hospital, Yokosuka Kyosai
Hospital, Fujisawa City Hospital, and Chigasaki Municipal
Hospital. Clinicopathological information was obtained from
previous medical records.

Immunohistochemistry (IHC)

ER and PR status was evaluated using the Allred score [15].
HER?2 positivity (overexpression or amplification) was scored
according to the American Society of Clinical Oncology/Col-
lege of American Pathologists guidelines [16]. Tumors with
ER <2, PgR <2, and HER2 < 1+ with IHC were defined as
TN. Among the patients with TN breast cancer whose surgical
specimens were available, AR expression was evaluated using
IHC with anti-AR antibody (SP107, Cell Marque). Specimens
were considered AR-positive when AR staining was > 1% in
cancer cells, equivalent to the Allred score [15]. Expression in
only stromal cells was considered negative.

Correlation of AR with clinicopathological factors and
prognosis

Tumors were classified into two groups using IHC results: TN-
PAC, defined as TN AC with AR expression, and other-AC, de-
fined as other ACs apart from TN-PAC. We compared the clin-
icopathological factors and prognoses between the two groups.
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Statistical analysis

Findings were analyzed using the Statistical Package for the
Social Sciences (SPSS) Statistics v.24 software (IBM SPSS
Statistics for Windows, Version 24.0. IBM Corp., Armonk,
NY, USA). We used y? analysis (Spearman’s coefficient) to
test for associations between the clinicopathological factors
in the TN-PAC and other-AC groups, the Mann-Whitney U
test for associations between AR expression, patient age and
tumor size, and the Fisher’s exact test for associations between
AR and other biomarkers. Relapse-free survival (RFS) was de-
fined as the time from diagnosis to the date of occurrence of
breast cancer-derived relapse or metastasis. Breast cancer-spe-
cific survival (BCSS) was defined as the duration from diagno-
sis to breast cancer-related death. Survival data were evaluated
using the Kaplan-Meier method and the log-rank test. Multi-
variate analyses of prognosis were performed using the Cox
proportional hazards model. A P-value < 0.05 was considered
significant. We could not match the cohorts to reduce the bias
because of the small sample size and number of the events.

This study was approved by the Institutional Review
Board of the Yokohama City University, Chigasaki Municipal
Hospital, Yokohama Rosai Hospital, Yokohama City Minato
Red Cross Hospital, Yokosuka Kyosai Hospital, and Saiseikai
Yokohama-shi Nanbu Hospital.

Results

Patient characteristics

Patient characteristics are shown in Table 1. The median age at
diagnosis was 67 (43 - 94) years, and the median observation
time was 6.1 (range: 0.2 - 14.9) years. In total, 44 cases (83.0%)
were patients in post-menopause. ER and HER2 expression was
positive in 13 (24.5%) and 11 (20.8%) cases, respectively. TN
breast cancer was detected in 31 cases (58.4%). Moreover, 42
cases (79.2%) were AR-positive, and 24 cases (45.3%) were
diagnosed as TN-PAC. Figure 1 shows the hematoxylin and eo-
sin (H&E) and AR staining images of a representative TN-PAC
case. A total of 29 cases were grouped as other-AC, including 22
cases of cancer other than TN breast cancer and seven cases of
TN breast cancer without AR expression (Fig. 2).

Comparison of clinicopathological factors between TN-
PAC and other-AC groups

A comparison of clinicopathological factors between TN-PAC
and other-AC groups is shown in Table 1. There were no signifi-
cant differences between the two groups in age, hormonal status,
Ki-67 index, nuclear grade, stage classification, and surgical pro-
cedure (Table 1). Tumor size was smaller in the TN-PAC group
than in the other-AC group (1.4 vs. 2.1 cm, P = 0.024), and me-
tastasis was observed in fewer nodes in the TN-PAC group than
in the other-AC group (12.5% vs. 37.9%, P = 0.036). In the re-
flected node status, the TN-PAC group received less axillary dis-
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Table 1. Comparison of Clinicopathological Characteristics in TN-PAC Patients With Other-AC Patients

All cohort (N =53) TN-PAC (N =24) Other-AC (N =29) P-value
Median age, years (min. - max.) 67 (43 -94) 71 (48 - 81) 64 (43 -94) 0.108
Hormonal status, N (%)
Pre-menopausal 509.4) 3(12.5) 2(6.9) 0.446
Post-menopausal 44 (83.0) 20 (83.3) 24 (82.8)
NA 4(7.6) 1(4.2) 3(10.3)
Median tumor size, cm (min. - max.) 2.2 (0.5-10.0) 1.4 (0.5 -8.0) 2.1(1.1-10.0) 0.024
Pathological node status, N (%)
Positive 14 (26.4) 3 (12.5) 11 (37.9) 0.036
Negative 39 (73.6) 21 (87.5) 18 (62.1)
Median Ki-67 index (min. - max.) 0-70 5(0-70) 6.5 (0 - 60) 0.855
Nuclear grade, N (%)
1 12 (22.6) 6 (25.0) 6 (20.7) 0.197
2 14 (26.4) 10 (41.7) 4(13.8)
3 19 (35.9) 6 (25.0) 13 (44.8)
NA 8 (15.1) 1(4.2) 6 (20.7)
Estrogen receptor status, N (%)
Positive 13 (24.5) 0(0) 13 (44.8) <0.001
Negative 40 (75.5) 24 (100) 16 (55.2)
Progesterone receptor status, N (%)
Positive 10 (18.9) 0 (0) 10 (34.4) <0.001
Negative 43 (81.1) 24 (100) 19 (65.6)
HER?2 status, N (%)
Positive 11 (20.8) 0 (0) 11 (37.9) <0.001
Negative 41 (77.4) 24 (100) 17 (58.6)
NA 1(1.9) 0 (0) 1(3.5)
TN subtype, No. (%)
Yes 31 (58.5) 24 (100) 7 (24.1) <0.001
No 22 (41.5) 0 (0) 22 (75.9)
AR status, N (%)
Positive 42 (79.2) 24 (100) 18 (62.1) <0.001
Negative 11 (20.8) 0 (0) 11 (37.9)
Breast cancer stage, N (%)
I 24 (45.3) 14 (58.3) 10 (34.5) 0.157
I 21 (39.6) 9(39.0) 12 (41.4)
111 7(13.2) 1(4.2) 6 (20.7)
v 1(1.9) 0(0.0) 1(34)
Breast surgery, N (%)
BCS 22 (41.5) 11 (45.8) 11 (37.9) 0.588
Mastectomy 31 (58.5) 13 (54.2) 18 (62.1)
Axillary surgery, N (%)
SNB 32 (60.4) 19 (79.2) 13 (44.8) 0.013
Ax 21(39.5) 5(20.8) 16 (55.2)

Systemic therapy received, N (%)
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Table 1. Comparison of Clinicopathological Characteristics in TN-PAC Patients With Other-AC Patients - (continued)

All cohort (N = 53) TN-PAC (N = 24) Other-AC (N =29) P-value
Yes 35 (66.0) 12 (50.0) 23 (79.3) 0.038
No 17 (32.1) 11 (45.8) 6(20.7)
NA 1(1.9) 1(4.2) 0(0.0)
Chemotherapy received, N (%)
Yes 28 (52.8) 12 (50.0) 16 (55.2) 0.525
No 24 (45.3) 11 (45.8) 13 (44.8)
NA 1(1.9) 1(4.2) 0(0.0)
Relapse, N (%) 5094 0(0.0) 5(17.2) 0.041
All-cause mortality, N (%) 6 (11.3) 2 (8.3) 4 (13.8) 0.678
Breast-cancer mortality, N (%) 4(7.5) 0(0.0) 4 (13.8) 0.081

AC: apocrine carcinoma; Ax: axillary lymph node dissection; BCS: breast conserving surgery; HER2: human epidermal growth factor receptor 2; NA:
not assessed; PAC: pure apocrine carcinoma; SNB: sentinel lymph node biopsy; TN: triple-negative; TN-PAC: triple-negative pure apocrine carcinoma.

section than the other-AC group (20.8% vs. 55.2%, P =0.013).

Systemic therapy was administered in 12 cases (50.0%)
in the TN-PAC and 23 cases (79.3%) in the other-PAC group.
Although there was no difference in the proportion of patients
in the TN-PAC and other-AC groups who were administered
adjuvant chemotherapy (TN-PAC/other-AC = 50.0%/55.2%,
P = 0.525), no case of recurrence was found in the TN-PAC
group, whereas five recurrence cases were found in the other-
AC group. The 5-year RFS was 100% and 85.5% in the TN-
PAC and other-AC groups, respectively (P = 0.025).

Comparison of prognosis between TN-PAC and other-AC
groups

The 5-year BCSS was 100% and 92.9% in the TN-PAC and

other-AC groups, respectively (P = 0.043) (Fig. 3). Five cases
out of 29 other-AC (17.2%) relapsed, and four cases (13.8%)
died related to breast cancer in that group, while no one had
relapsed or died because of breast cancer in TN-PAC. We did
not proceed to perform multivariate analysis for RFS or BCSS.

Discussion

In this multi-institutional study, TN-PAC patients had smaller
tumor size and fewer nodes with metastasis. They received
less axillary dissection and showed a trend towards lower re-
currence rates. The 5-year RFS and BCSS were significantly
higher in the TN-PAC group. However, multivariate analysis
was not performed due to the limited number of relapse cases
and breast cancer-related deaths.
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Figure 1. Hematoxylin and eosin (a) and nuclear AR (b) staining images of a representative TN-PAC case. TN-PAC: triple-

negative pure apocrine carcinoma; AR: androgen receptor.
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(anatomical structure)
53 cases
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Subtype 31 cases 22 cases
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AR AR(+) AR(-) AR(+) AR(-)
24 cases 7 cases 18 cases 4 cases
TN-PAC Other-AC
24 cases 29 cases

Figure 2. Flowchart for diagnosis of triple-negative pure apocrine car-
cinoma (TN-PAC). TNBC: triple-negative breast cancer; AC: apocrine
carcinoma; AR: androgen receptor.

Morphology is important in AC diagnosis [11]. However,
it is difficult to distinguish PAC from other ACs using only
the anatomical structures assessed by H&E staining. AR stain-
ing is a useful approach for PAC extraction. There have been
no reports on the differences in morphological characteristics
between PAC and other ACs. Furthermore, the treatment for
breast cancer is determined by the subtype based on ER, PgR,
and HER?2 expression, instead of histological diagnosis. In addi-
tion to the diagnosis based on the strict morphological features,
PAC is defined immunohistochemically as ER-negative, PgR-
negative, and AR-positive, regardless of HER2 expression [2,

(a) Relapse-free survival

P=0.033
1.0
*
[y
]
0.8 h*---#-w--o-o#—-‘ -------- -+
064
041
—— TN-PAC
e [ e — Other-AC
0.0
0 24 48 72 96 120 144 168
months
TN-PAC 20 20 15 12 8 2 i ! 0
Other-AC 27 21 17 8 7z 4 1 1

12]. AR expression is regarded as a good prognostic factor in
ER-positive and -negative breast cancer [17]. However, some
studies reported that AR expression in TN breast cancer resulted
in a poor prognosis [18]. In this study, 81% (22/27) of TN AC
cases expressed AR. AR expression was not examined in all the
patients and was therefore excluded in the multivariable analy-
sis. Instead of AR, we set TN-PAC as a specific phenotype of
AC. TN-PAC and negative node were found to be associated
with favorable outcomes. These findings are consistent with
those of the study by Mills et al, who tracked 20 PAC cases ret-
rospectively and reported that the prognosis of PAC was favora-
ble [13]. However, no studies have focused on the prognosis of
AC concerning the presence or absence of AR.

Treatment guidelines recommend that TN breast cancer
should be treated with chemotherapy [6, 19]. In our cohort,
approximately half of the TN-PAC patients were adminis-
tered chemotherapy and had no recurrence. Wu et al reported
improved overall survival (OS) in TN AC patients who were
administered chemotherapy [4]. In this study, TN-PAC had a
preferred biology and a better prognosis than other Acs, sug-
gesting the possibility of treatment de-escalation in TN-PAC
patients with low-risk factors such as small tumor size and lack
of node metastasis.

De Oliveira et al reviewed the recent studies published
after 2018 exploring the clinical characteristics, treatment re-
sponse, and outcome, and the response to chemotherapy and
clinical outcome of AC remains controversial [11]. These in-
consistencies are likely attributed to the varying diagnostic cri-
teria employed to classify ACs. The new WHO definition of
AC, which incorporates essential and desirable diagnostic cri-
teria, will significantly enhance the precision of this classifica-
tion and consequently provide more valuable clinical insights.

The limitations of this study include its retrospective de-

(b) Breast cancer-specific survival
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Figure 3. The TN-PAC group showed no recurrence or death from breast cancer during the observation period, and the recur-
rence rate in the TN-PAC group was significantly lower than that in the other-AC group. Kaplan-Meier curves for relapse-free
survival (a) and breast cancer-specific survival (b). Solid line indicates TN-PAC, and dotted line indicates other-AC. P values were
calculated using the log-rank test. AC: apocrine carcinoma; TN-PAC: triple-negative pure apocrine carcinoma.
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sign and small sample size, although it was a multi-institution-
al study. Moreover, in this retrospective analysis, we could not
evaluate AR expression in all cases because we could not ac-
cess all the surgical specimens. A prospective analysis would
lead to more prominent evidence for the value of measuring
AR expression for AC.

In conclusion, AC is a heterogencous disease, and our
study revealed that TN-PAC had a better prognosis than other
ACs. Further research is warranted to evaluate the benefit of
administering chemotherapy to TN-PAC patients.
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