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Abstract
Background: Apocrine carcinoma is a rare subtype of invasive ductal breast cancer that shows apocrine differentiation and largely
with triple negative immunohistology. Triple negative breast cancers are known to have a more aggressive clinical course. However,
unlike the most other types, it is reported that triple negative apocrine carcinoma has a better prognosis. Due to scarcity of reported
studies, our knowledges for its clinical behavior, prognosis and response to therapy are very limited.

Methods: In this study, we retrospectively retrieved 41 triple negative apocrine carcinoma cases from our breast cancer database
with an average follow up 32.8 months.

Results: It was found that triple negative apocrine carcinoma had poorer response to neoadjuvant therapy, but better prognosis
compared with other non-apocrine types of triple negative breast cancer. Meanwhile, triple negative apocrine carcinoma has a low
proliferative nature as indicated by its low Ki67 index. Analysis of SEER database showed that chemotherapy did not improve
breast cancer speci�c survival in TNAC patients.

Conclusions: Our results suggest that triple negative apocrine carcinoma is a special subtype of triple negative breast cancer for
which de-escalation of chemotherapy should be considered.

Background
Apocrine carcinoma is a rare histologic subtype of breast cancer, accounting for about 1% of all breast cancers and is diagnosed
by the apocrine differentiation of the cancer cells [1]. Apocrine carcinoma are often ER and PR negative, with 30% of them having
HER2 ampli�cation [2]. Thus, majority of the apocrine carcinoma is triple negative which means they lack the expression of ER, PR
and HER2 and can be named as triple negative apocrine carcinoma (TNAC).

Although TNAC does not express ER and PR, another steroid hormone receptor androgen receptor (AR) is often positive in TNAC.
AR was also expressed in 10-63% of triple negative breast cancer [3,4] and the expression of AR is reported to be related with good
prognosis in early breast cancer in terms of both disease-free survival and overall survival [5,6]. Triple negative breast cancer
(TNBC) can be classi�ed into a four-subtype system by various algorithms using transcriptomic data [7–10] and all the currently
applied subtyping algorithms could distinguish one consistent molecular subtype which is the luminal androgen receptor (LAR)
subtype . LAR accounted for 15-20% of all TNBC and is characterized by the high expression of the AR gene and enrichment in
hormonally regulated pathways. LAR subtype is reported to be low proliferative and its distant metastasis often occur after 3 years
[11]. About 59% of LAR showed histologic apocrine differentiation in more than 10% of all the cancer cells [12]. However, the exact
correlation between TNAC and LAR subgroup in terms of molecular characteristics and clinical features is still largely unknown due
to the limited cases of reported TNAC.

The analysis of both SEER database and National Cancer Database (NCD) showed that TNAC has a better prognosis than TNBC
[13,14]. Study comparing TNAC that did not receive adjuvant chemotherapy with matched triple negative invasive ductal carcinoma
that received adjuvant chemotherapy showed that the two groups share similar prognosis which indicate a potential de-escalation
in the management of TNAC [15]. However, our understanding about the response of TNAC to neoadjuvant therapy is limited
[16,17]. Nagao et al reported that in �ve invasive apocrine carcinoma that received neoadjuvant chemotherapy, none of them
achieved pathological complete response (pCR) [17].

In this study, we compared the clinicopathological characteristics and survival of 41 TNAC cases with paired TNBC cases in which
21 of them have received neoadjuvant therapy and response was evaluated with the Miller-Payne grading system.

Methods
The study was approved by Peking University Cancer Hospital ethics committee (Reference number 2020KT113). The pathology
database in Peking university Cancer hospital was queried for breast apocrine carcinomas diagnosed between 2008 and 2021. A
total of 41 cases who met diagnostic criteria including at least 95% of tumor showing apocrine differentiation, N:C ratio of tumor
cells being 1:2 or more with abundant eosinophilic cytoplasm, prominent nucleoli and sharply de�ned cell borders were included
and independently veri�ed by two pathologists. Patients with only apocrine carcinoma in situ were excluded. These 41 patients
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also had tumor surgical resection data to achieve accuracy for pathological staging. ER, PR an HER2 status was evaluated by
immunohistochemical staining and �uorescent in situ hybridization (FISH). Each of the TNAC cases has been paired with one non-
apocrine triple-negative breast cancer (TNBC-NA) case by age at diagnosis, year of diagnosis and the receipt of neoadjuvant
therapy to exclude the bias effect on prognosis. All of the paired TNBC-NA cases were invasive breast cancer of no special type. In
the 41 cases of TNAC, 21 of them have received neoadjuvant therapy and were included in the neoadjuvant comparing group. The
other 20 cases were included in the non-neoadjuvant group and all of them have received adjuvant chemotherapy. The survival
was analyzed by Kaplan-Meier estimate and the response of 21 TNAC cases that received therapy was evaluated with the Miller-
Payne grading system. Ki-67 score is de�ned as the percentage of positively nuclear stained cells divided by the total number of
malignant cells scored. When the staining is homogenous across sample, global Ki-67 score was used and for heterogenous
staining Ki-67 score counted in hot spots region.

TNAC cases from SEER database were obtained from the SEER*Stat software, version 8.3.9.2. A total of 442 triple negative
apocrine carcinoma patients were identi�ed from 2010 to 2018 according to the following selection criteria: invasive apocrine
carcinoma aged over 18 years old, negative ER and PR status, negative HER2 status, detailed information about survival was
available. Propensity score matching (PSM) was used to achieve a 1:1 matching between chemotherapy and non-chemotherapy
groups to reduce the compound effects caused by baseline information bias. R package “MatchIt” was employed for PSM [18].

Results
Patients with TNAC have better prognosis than TNBC-NA despitea poorer response to neoadjuvant chemotherapy

The immunohistochemical stain of protein markers including ER, PR, HER2, Ki-67, AR, EGFR and GCDFP-15, together with the
hematoxylin and eosin stain in breast cancer tissues of TNAC and TNBC-NA groups was illustrated in Figure 1. Interestingly, in 11
cases of the TNAC group (11/41, 27%), the HER2 immunostaining showed intense cytoplasmic granular signal which was reported
as equivocal 2+ or 1+ (Figure 1). Whereas, further FISH performed all proved HER2 as non-ampli�ed. Moreover, when another clone
of HER2 antibody was applied for immunohistochemical staining, the cytoplasmic signal disappeared which indicated that the
cytoplasmic signal could be non-speci�c (data not shown). The clinicopathologic characteristics of the 21 TNAC cases that
received neoadjuvant therapy and their paired TNBC-NA case were summarized in Table 1 and that of the non-neoadjuvant therapy
group were displayed in Table 2. The median age at diagnosis for TNAC group was 57 years (range from 36-77 years). Among
them, 15 patients (15/41, 36.5%) has received lumpectomy and the other 26 patients (26/41, 63.5%) received mastectomy. The Ki-
67 positive percentage and the percentage of tumor in�ltrating lymphocytes (TILs) was evaluated using the biopsy sample before
any treatment. The mean Ki-67 positive percentage of TNAC was signi�cantly lower than matched TNBC-NA in both neoadjuvant
group and non-neoadjuvant group (P<0.05) (Figure 2). The histologic grade of TNAC group was less advanced compared with
TNBC-NA group in the non-neoadjuvant group but was similar in the neoadjuvant group. For the percentage of stromal TILs, TNAC
has a tendency of less TILs compared with TNBC-NA although it was not statistically signi�cant in either non-neoadjuvant or
neoadjuvant group. Other clinicopathological features including surgery type and radiation therapy showed no signi�cant
difference between TNAC and TNBC-NA.

For survival analysis, the median time of follow-up was 32.8 months (range 1.2-35.6 months). In TNAC group, none of the 21
patients died at the time of last follow-up while �ve patients in the TNBC-NA group (5/41, 12%) have died all due to breast cancer.
The Overall survival (OS) of TNAC was better than TNBC-NA (P=0.02) (Figure 2). For distant-metastasis free survival (DMFS)
analysis, only one patient in TNAC group has experienced distant metastasis. Thus the DMFS survival curves of the two groups
showed the same trend as in OS whereas the p-value was 0.052 which was marginally statistically signi�cant possibly due to the
small sample size. The disease-free survival (DFS), which includes local recurrence of the two groups, showed no signi�cant
difference (Figure 2).

Twenty-one cases in the TNAC group have received neoadjuvant therapy and pathological response was evaluated using Miller-
Payne grading system in the surgery sample which classi�ed the response into 5 grades according to tumor cellularity in the
lumpectomy/mastectomy specimen as compared with the pre-treatment biopsy [19]. In TNAC group, none of the 21 cases have
achieved pathological complete response (pCR) which was grade 5 in Miller-Payne grading system while 4 patients (4/21, 19%) in
the TNBC-NA group has achieved pCR. Generally, the tumor response evaluated was much poorer in TNAC than that in matched
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TNBC-NA group (P=0.024) as displayed in Figure 3. The detailed clinical information of the TNAC cases in the neoadjuvant group
including neoadjuvant therapy regimen, clinical evaluation of response, tumor and lymph node stage, Ki67 positive percentage,
histologic grade and TILs percentage were listed in Table 3.

Chemotherapy did not improve breast cancer speci�c survival for TNAC patients

Although TNAC showed poor response to neoadjuvant chemotherapy, whether patients with TNAC would bene�t from
chemotherapy was still unknown. Previous studies identi�ed that TNAC was better than survival than TNBC by SEER database
[20–22]. Further, Wu et al reported that in TNAC, patients with chemotherapy have better overall survival (OS) better than those
without chemotherapy by SEER database [13]. However, their �ndings is limited by the absence of propensity score matching
(PSM) and thus could be confounded by baseline bias. Also, the effect of chemotherapy on breast cancer speci�c survival (BCSS)
of TNAC has not been elucidated. We next investigated the effect of chemotherapy on OS and BCSS of TNAC patients using SEER
database with and without PSM. A total of 442 patients with TNAC were enrolled in the study which were divided into the chemo
and no chemo groups according to whether they have received chemotherapy. There were 291 (65.8%) patients in the chemo and
151 (34.2%) patients in the no chemo group. The demographic and clinicopathological information of them were displayed and
compared in Table 4. Patients in the chemo group were presented with younger age at diagnosis, more advanced stage status,
higher histology grade than those in the chemo group. Also, patients in the chemo group were more likely to receive surgery and
radiation therapy. To eliminate the bias in baseline information between the two groups, a 1:1 matching was performed using
propensity score matching. After matching, 87 patients remained in both groups and there was no difference in demographic or
clinicopathological features between the two groups. Breast cancer speci�c survival (BCSS) and overall survival OS of the two
groups both before and after matching were plotted by Kaplan-Meire survial curve (Figure 4). Before matching, patients in chemo
group showed better survival than no chemo group while there was no difference in BCSS between the two groups. For the two
groups after PSM, the results were the same as in the before matching groups indicating that chemotherapy did not improve breast
cancer speci�c survival for TNAC patients.

Discussion
Apocrine carcinoma is a special subtype of breast cancer characterized by apocrine metaplasia histologically and the activation of
AR pathway molecularly. The mutational rate of PI3KCA gene in TNAC was 72%, higher than other triple negative breast cancer
including 55% mutation rate in LAR group [23,24]. Despite all the difference, TNAC is treated the same with other triple negative
breast cancer though the bene�t of AR antagonist bicultamide was investigated in advanced ER and PR negative patients [25]. Our
results suggest that TNAC is a low-risk group of TNBC that has low proliferation rate, better prognosis, and poor chemotherapy
responsiveness. The pCR rate for LAR group was 10% which was the lowest among the four molecular subtypes of TNBC [11].
While in our study, none of the 21 TNAC cases has achieved pCR under various treatment regimens, suggesting TNAC as a special
subtype of AR-positive TNBC. Although in this study we have matched TNAC with TNBC-NA cases to reduce selection bias, our
study is still limited by its retrospective nature. However, conducting a random clinical trial with a rare disease is also challenging. 

Previous study showed that compared with luminal breast cancer, triple negative breast cancer has higher sensitivity to
anthracycline-based neodjuvant chemotherapy but worse prognosis which could be contributed by the higher relapse rate in non-
pCR patients [26]. In this study, TNAC showed the same pattern as luminal breast cancer which could be contributed by the
expression of AR and other luminal genes in TNAC. AR-positive TNBC was known to have a favorable prognosis than AR-negative
TNBC possibly contributed by the anti-proliferative effect of AR [27]. Meanwhile, anti-androgen receptor therapeutics including
bicalutamide, enzalutamide and abiraterone have shown clinical bene�t ratio ranging from 19% to 35% in AR-positive TNBC
[25,28,29]. 

Conclusions
Our results suggest that triple negative apocrine carcinoma is a special subtype of triple negative breast cancer which has better
prognosis despite poor response to neoadjuvant chemotherapy. Thus, for the management of TNAC, it is necessary to conduct
research evaluating the bene�t of chemotherapy de-escalation and the adding of anti-androgen receptor therapy.
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Abbreviations

AR Androgen receptor

BCSS Breast cancer speci�c survival

DMFS Distant metastasis free survival

ER Estrogen receptor

OS Overall survival

pCR Pathological complete response

PR Progesterone receptor

PSM Propensity score matching

TNAC Triple negative apocrine carcinoma

TNBC Triple negative breast cancer
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Tables
Table 1. Clinicopathological features of TNAC and TNBC-NA patients received no neoadjuvant therapy
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  TNAC TNBC-NA P

Age at diagnosis (y)     1.000

20-49 6 (30.0) 6 (30.0)  

50-69 11 (55.0) 11 (55.0)  

70-89 3 (15.0) 3 (15.0)  

T stage     0.196

T1 16 (80.0) 11 (55.0)  

T2 4 (20.0) 8 (40.0)  

T3 0 (0) 0 (0)  

T4 0 (0) 1 (5.0)  

N stage      

N0 18 (90.0) 14 (70.0) 0.348

N1 1 (5.0) 4 (20.0)  

N2   1 (5.0)  

N3 1 (5.0) 1 (5.0)  

AJCC stage     0.323

IA 14 (70.0) 10 (50.0)  

IIA 5 (25.0) 5 (25.0)  

IIB 0 (0) 3 (15.0)  

IIIA 0 (0) 1 (5.0)  

IIIB 0 (0) 0 (0)  

IIIC 1 (5.0) 1 (5.0)  

Radiation     0.500

No 15 (75.0) 12 (60.0)  

Yes 5 (25.0) 8 (40.0)  

Surgery type     1.000

BCS* 7 (35.0) 6 (30.0)  

Mastectomy 13 (65.0) 14 (70.0)  

Laterility     0.747

Left 7 (35.0) 9 (45.0)  

Right 13 (65.0) 11 (55.0)  

Ki67 (%)     <0.001

0-29 18 (90.0) 2 (10.0)  

30-59 2 (10.0) 3 (15.0)  

60-99 0 (0.0) 15 (75.0)  

Histologic grade     0.006
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I 8 (40.0) 1 (5.0)  

II 5 (25.0) 4 (20.0)  

III 5 (25.0) 15 (75.0)  

Missing 2 (10.0)    

TILs     0.051

0-10 11 (61.1) 6 (30.0)  

11-40 6 (33.3) 7 (35.0)  

41-90 1 (5.6) 7 (35.0)  

BCS: breast conserving surgery

Table 2. Clinicopathological features of TNAC and TNBC-NA patients received neoadjuvant therapy
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  TNAC TNBC-NA P

Age at diagnosis (y)      

20-49 6 (28.6) 6 (28.6) 1.000

50-69 15 (71.4) 15 (71.4)  

70-89 0 (0.0) 0 (0.0)  

T stage      

T1 16 (76.2) 13 (61.9) 0.767

T2 3 (14.3) 5 (23.8)  

T3 1 (4.8) 1 (4.8)  

T4 1 (4.8) 2 (9.5)  

N stage      

N0 16 (76.2) 12 (57.1) 0.065

N1 0 (0) 6 (28.6)  

N2 4 (19.0) 2 (9.5)  

N3 1 (4.8) 1 (4.8)  

AJCC stage      

IA 13 (61.9) 8 (38.1) 0.541

IIA 2 (9.5) 6 (28.6)  

IIB 1 (4.8) 2 (9.5)  

IIIA 3 (14.3) 2 (9.5)  

IIIB 1 (4.8) 2 (9.5)  

IIIC 1 (4.8) 1 (4.8)  

Radiation      

No 12 (57.1) 10 (47.6) 0.757

Yes 9 (42.9) 11 (52.4)  

Surgery type      

BCS* 8 (38.1) 6 (28.6) 0.743

Mastectomy 13 (61.9) 15 (71.4)  

Laterility      

Left 14 (66.7) 13 (61.9) 1.000

Right 7 (33.3) 8 (38.1)  

Ki67 (%)      

0-29 19 (90.5) 4 (19.0) <0.001

30-59 2 (9.5) 7 (33.3)  

60-99 0 (0.0) 10 (47.6)  

Histologic grade      
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I 6 (28.6) 2 (9.5) 0.164

II 11 (52.4) 11 (52.4)  

III 2 (9.5) 7 (33.3)  

Missing 2 (9.5) 1 (4.8)  

TILs      

0-10 14 (73.7) 9 (45.0) 0.097

11-40 2 (10.5) 8 (40.0)  

41-90 3 (15.8) 3 (15.0)  

Table 3. Clinical information of TNAC patients who received neoadjuvant therapy
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  Neoadjuvant
therapy

Clinical evaluation T
stage

N
stage

MP
grade

Ki67(%) Histologic
grade

TILs(%)

TNAC-
1

ddEC/T1w Unknown/SD 1 0 3 5 I 2

TNAC-
2

AC/T Unknown 4 2 2 30 II 15

TNAC-
3

TP1w/CEF/DF SD/SD/PR 1 0 2 20 I 5

TNAC-
4

TP/CEF/NP SD/SD/PR 1 2 2 10 II 40

TNAC-
5

TPX PR 1 0 2 5 II 8

TNAC-
6

TP1w PR 1 0 4 10 II 1

TNAC-
7

ddEC/T1w SD/PR 1 0 3 20 II 1

TNAC-
8

TP1w SD 1 0 3 10 II 60

TNAC-
9

CEF/TP1w Unknown/PR 1 0 3 10 I 3

TNAC-
10

T1w/EC Unknown/PR 2 0 4 5 II 5

TNAC-
11

T1w/AC Unknown/SD 2 2 2 15 II 10

TNAC-
12

ddEC/ddT175 Unknown 1 0 2 20 I 5

TNAC-
13

TP1w/X/AC Unknown/PR 1 0 3 15 I 0

TNAC-
14

CEF SD 1 2 2 20 Unknown Unknown

TNAC-
15

EC SD 1 0 2 20 II 3

TNAC-
16

TP/NE/DCF/NP Unknown/Unknown/Unknown/PR 1 0 2 5 I 0

TNAC-
17

CEF/TP1w Unknown/PR 1 3 2 25 III 3

TNAC-
18

ddEC/ddT175 Unknown/PR 1 0 3 20 II 45

TNAC-
19

ddEC/T1w Unknown/SD 2 0 3 5 II 80

TNAC-
20

ddEC/T1w PR/SD 1 0 3 40 Unknown Unknown

TNAC-
21

X/T SD 3 0 1 15 III 2

Chemotherapy regimen abbreviation: EC- epirubicin and cyclophosphamide; T- docetaxel; AC- doxorubicin and cyclophosphamide;
CEF- cyclophosphamide, epirubicin and �uorouracil; DF- daunorubicin and �uorouracil; TP- paclitaxel and platin; NP- vinorelbine
and cisplatin; TPX-paclitaxel, platin and xeloda ;X- xeloda

Table 4. Baseline information of triple negative apocrine carcinoma patients from SEER database
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  Before PSM After PSM

  No Chemo Chemo P-value No Chemo Chemo P-value

Sample size 151 291   87 87  

AgeGroup     <0.001     1.000

< 50 years 5 (3.3) 40 (13.7)   3 (3.4) 3 (3.4)  

50-69 years 41 (27.2) 191 (65.6)   36 (41.4) 36 (41.4)  

70+ years 105 (69.5) 60 (20.6)   48 (55.2) 48 (55.2)  

Income     0.579     0.456

$50,000 - $69,999 74 (49.0) 129 (44.3)   43 (49.4) 35 (40.2)  

$70,000+ 56 (37.1) 113 (38.8)   30 (34.5) 34 (39.1)  

< $50,000 21 (13.9) 49 (16.8)   14 (16.1) 18 (20.7)  

Race     0.542     0.765

Hispanic (All Races) 11 (7.3) 25 (8.6)   7 (8.0) 6 (6.9)  

Non-Hispanic Asian or Paci�c Islander 19 (12.6) 37 (12.7)   13 (14.9) 16 (18.4)  

Non-Hispanic Black 26 (17.2) 40 (13.7)   13 (14.9) 9 (10.3)  

Non-Hispanic White 95 (62.9) 185 (63.6)   54 (62.1) 56 (64.4)  

Others 0 (0.0) 4 (1.4)   0 (0.0) 0 (0.0)  

Stage     <0.001     1.000

I 81 (53.6) 68 (23.4)   44 (50.6) 44 (50.6)  

II 25 (16.6) 92 (31.6)   18 (20.7) 18 (20.7)  

III 5 (3.3) 27 (9.3)   3 (3.4) 3 (3.4)  

IV 1 (0.7) 5 (1.7)   0 (0.0) 0 (0.0)  

Unknown 39 (25.8) 99 (34.0)   22 (25.3) 22 (25.3)  

Grade     <0.001     1.000

Well differentiated; Grade I 21 (13.9) 12 (4.1)   8 (9.2) 8 (9.2)  

Moderately differentiated; Grade II 90 (59.6) 159 (54.6)   62 (71.3) 62 (71.3)  

Poorly differentiated; Grade III 34 (22.5) 106 (36.4)   16 (18.4) 16 (18.4)  

Undifferentiated; anaplastic; Grade IV 1 (0.7) 0 (0.0)   0 (0.0) 0 (0.0)  

Unknown 5 (3.3) 14 (4.8)   1 (1.1) 1 (1.1)  

Sequence     0.926     0.316

1st of 2 or more primaries 19 (12.6) 39 (13.4)   12 (13.8) 18 (20.7)  

One primary only 132 (87.4) 252 (86.6)   75 (86.2) 69 (79.3)  

Surgery     0.033     1.000

No 9 (6.0) 5 (1.7)   0 (0.0) 0 (0.0)  

Yes 142 (94.0) 286 (98.3)   87 87  

Radiation     0.019     1.000
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No  77 (51.0) 113 (38.8)   39 (44.8) 39 (44.8)  

Yes 74 (49.0) 178 (61.2)   48 (55.2) 48 (55.2)  

Figures

Figure 1

Representative HE and IHC staining images from TNAC and TNBC-NA patients..
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Figure 2

Survival plot of TNAC and TNBC-NA Cohort. Overall survival (OS), distant metastasis-free survival (DMSF) and disease-free survival
(DFS) of TNAC and TNBC-NA groups were analyzed with Kaplan-Meier curve. 
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Figure 3

Paired Miller-Payne grading of study cohort. The Miller-Payne grade which represents neoadjuvant chemotherapy responsiveness
was plotted with red dot (TNAC) and green triangle (TNBC-NA). Each TNAC and TNBC-NA pair was connected with a black line.
Statistical analysis was performed with paired student’s t-test.
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Figure 4

Survival plot of chemo group and no chemo group in TNAC patients from SEER. Breast cancer speci�c survival (BCSS) and overall
survival (OS) of TNAC patients before matching (A and B) and after matching (C and D) were analyzed with Kaplan-Meier curve.
Number at risk was displayed below.


