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Background: Pure apocrine carcinoma (AC) of the breast can be divided into human epidermal growth 
factor receptor-2 (HER2)-positive and triple-negative apocrine carcinoma (TNAC). Some studies showed 
that triple negative breast cancer with low tumor-infiltrating lymphocytes (TILs) and high programmed 
death-ligand 1 (PD-L1) status may be a therapeutic target for immune checkpoint inhibitors. However, the 
clinicopathological features of different HER2 expression, TILs status and PD-L1 expression in AC are not 
clear. Therefore, we investigate the status of TILs and PD-L1, as well as the clinicopathological features of 
pure apocrine carcinoma of the breast. 
Methods: We retrospectively analyzed the clinicopathological data, and prognosis of 41 cases of pure 
apocrine carcinoma of the breast that underwent surgical resection from January 2014 to November 2020. 
TILs were evaluated. Immunohistochemistry (IHC) staining was applied to detect PD-L1 protein expression 
in 14 of these samples from January 2019 to November 2020. The expression and correlation of HER2, 
TILs, PD-L1 and clinicopathological features and prognoses were analyzed.
Results: A total of 80.5% (33/41) of patients had TILs <50%, and 19.5% (8/41) had TILs ≥50%. The 
expression of TILs and the Ki-67 proliferation index were significantly higher in the HER2-positive group 
(41.5%, 17/41) compared to the HER2-negative group (58.5%, 24/41) (P<0.05). Approximately 52.9% (9/17) 
of HER2-positive patients treated with Trastuzumab targeted therapy, overall survival was higher in HER2-
positive patients than in HER2-negative patients (P=0.211). The PD-L1 positivity rate was 50% (7/14) in the 
14 pure apocrine carcinoma of the breast samples, and 66.7% (4/6) and 37.5% (3/8) in the HER2-negative 
and HER2-positive groups, respectively, with no significant difference (P=0.592). Among these 14 cases, two 
samples had TILs ≥50%, both of which were positive for PD-L1 and Ki67 >20%; and 12 cases had TILs 
<50%, of which 41.7% (5/12) were PD-L1-positive and 58.3% (7/12) were PD-L1-negative. All 14 cases 
with PD-L1-negative had TILs <50%. There was no significant difference in overall survival between TILs 
and Ki67 co-expression (P=0.452).
Conclusions: Pure AC HER2-positive patients have higher levels of TILs and Ki67, HER2 negative and 
TILs ≥50% patients may have higher PD-L1 expression, which may be helpful for screening patients with 
different immune statuses to guide effective clinical treatment combinations.
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Introduction

Apocrine carcinoma (AC) is a rare and special subtype of 
breast cancer, accounting for about 0.3–4% of all breast 
cancers (1-5). The World Health Organization (WHO) 
Classification of Breast Tumors (2012 edition) classifies any 
invasive carcinomas with apocrine cell features as invasive 
carcinomas with apocrine differentiation, including invasive 
carcinomas with focal apocrine differentiation and extensive 
apocrine differentiation (pure AC) (6). Pure AC is strictly 
defined as >90% of cancer cells with apocrine morphological 
and immunohistochemistry (IHC) characteristics: distinct 
cell borders, abundant eosinophilic granular cytoplasm, 
large nuclei with prominent nucleoli, negative expression 
of estrogen receptor (ER) and progesterone receptor (PR), 
and high expression of androgen receptor (AR) by IHC (7,8). 
The 2019 edition of the WHO Classification of Breast 
Tumors (5) also follows this diagnostic criterion, according 
to which pure AC accounts for only about 1% of all breast 
cancers. 

Pure AC can be divided into human epidermal growth 
factor receptor-2 (HER2)-positive and negative types 
[triple-negative apocrine carcinoma (TNAC)] according 
to HER2 expression. In clinical trials of AR-positive triple 
negative breast cancer (TNBC), the combination use of 
AR inhibitors and programmed death ligand 1 (PD-L1) 
inhibitors has shown encouraging results(9). The target 
proteins studied in TNBC in recent years are PD-L1 and 
AR, but the correlation between AR and PD-L1 was rarely 
studied. The prognosis of TNBC is significantly correlated 
with the density of tumor-infiltrating lymphocytes (TILs) 
and the expression pattern of TILs (P<0.05), and TILs in 
TNBC have significant prognostic significance according to 
the recommendations of the International TILs Working 
Group (10-12). It has been reported that TNBC with low 
TILs and high PD-L1 status may be a therapeutic target 
for immune checkpoint inhibitors (13). Only a few cases of 
pure AC have been reported up to now, so the knowledge 
and research on this tumor are limited. Moreover, there 
is still no standardized treatment for this tumor. In our 

study, 41 cases of pure AC were collected to investigate 
the correlation between TILs status, PD-L1 expression, 
and clinicopathological features, in order to improve the 
understanding of this tumor and provide new treatment 
insights and offer the possibility of immunotherapy for AC 
patients. We present the following article in accordance 
with the REMARK reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-22-248/rc).

Methods

Clinical data

We developed and implemented a retrospective clinical 
research study that enrolled 41 patients with pure AC 
between January 2014 to November 2020. A total of 
2,703 cases of invasive breast cancer that were surgically 
resected in Hubei Cancer Hospital during the same period 
were collected. Cases diagnosed as AC of the breast were 
enrolled and reviewed by two senior pathologists according 
to the 2019 edition of WHO breast tumor classification 
criteria (7), and 41 cases were finally diagnosed as pure AC. 
Due to the low prevalence, only 41 cases of pure AC were 
collected over a 6-year period. The sample size of this study 
was small, and this sample will continue to be collected for 
a large sample size supplementary study in the follow-up. 
The inclusion criteria were as follows: (I) cases in which 
the postoperative pathology was definitive for AC of the 
breast; and (II) patients who underwent treatment with 
radical surgery or mass excision. The exclusion criteria 
were as follows: (I) patients who underwent only puncture 
diagnosis; (II) cases of non-primary breast cancer; and (III) 
cases involving 0% or minimal tumor content in paraffin 
specimens after neoadjuvant treatment with radiation. 

The clinicopathological data of the patients included 
gender, age, menopause, maximum tumor diameter, 
histological grade, pathological stage, lymph node 
metastasis, IHC expression of ER, PR, AR, HER2, and 
Ki67 in previous pathological tests, and the fluorescence in 
situ hybridization (FISH) results for HER2 2+, treatment 
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options, and prognosis. The prognostic information of 
all cases was followed up by telephone. The follow-up 
information included patient treatment measures, local 
recurrence, distant metastasis, and death. The follow-
up period began when the patient was first diagnosed 
and ended in January 2021, with a follow-up period of 1– 
104 months and a median follow-up period of 29 months. 
OS is described as the time frame between diagnosis and the 
date of last contact or death from any cause. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the 
Institutional Ethical Committees of Hubei Cancer Hospital 
(No. LLHBCH2022YN-014) and individual consent for 
this retrospective analysis was waived. 

Interpretation of TILs

According to the 2014 International Working Group 
on TILs interpretation criteria (10,14), TILs include 
lymphocytes and plasma cells. In the hematoxylin-eosin 
(H&E) slices, microscope magnification of ×200–400 (ocular 
×10, with an objective of ×20–×40), the ratio of TILs in the 
stromal areas (%) of the invasive cancer area was evaluated 
as a whole, not the number of stromal cells, not focusing 
only on hot-spot areas. TILs that were outside the tumor 
border, in areas of ductal carcinom in situ (DCIS), in tumor 
zones with crush artifacts, necrosis, regressive hyalinization 
as well as in the previous core biopsy site, and around the 
normal lobules were excluded. We set 50% as the threshold 
for assessing the status of TILs, and the pure AC cases were 
divided into TILs ≥50% and TILs <50% groups (15).

IHC staining and interpretation

Formalin-fixed paraffin-embedded (FFPE) samples from 
14 of the 41 samples of patients who underwent surgical 
resection within 2 years (from January 2019 to November 
2020) were selected for PD-L1 IHC staining, which was 
conducted on a Ventana automatic immunohistochemical 
staining instrument (Agilent Technologies,  Basel, 
Switzerland) using the EnVision method. The reagents used 
in this study were purchased from ABCAM (Cambridge, 
UK). The primary antibody PD-L1 (clone number SP142) 
was applied at a working concentration of 1:100, and the 
secondary antibody was used in the Optiview amplification 
kit (ROCHE, Basel, Switzerland). The interpretation of 
PD-L1 was based on previously reported literature (16), 
using an immune cell (IC) scoring algorithm for the overall 

assessment of IC staining based on the entire tumor area, 
and calculating the percentage of the area within the tumor 
area occupied by IC of any intensity PD-L1 staining, rather 
than a random field of view for evaluation, with a PD-
L1 positive threshold of IC ≥1%. IC cell types include 
lymphocytes, macrophages, dendritic cells, granulocytes, 
plasma cells, etc. Tumor areas evaluated for PD-L1 include 
invasive carcinoma and surrounding tumor-associated 
interstitium, excluding DICS, lobular carcinoma in situ 
(LCIS), and necrosis. For 10 cases where the HER2 
(ROCHE, Basel, Switzerland, clone number 4B5) IHC 
staining had been performed in previous pathological 
examinations,  HER2 (DAKO, Basel,  Switzerland, 
clone number EP3) was verified on the Dako automatic 
immunohistochemical staining instrument, and the IHC 
staining conditions were consistent with those of previous 
HER2 IHC tests. The IHC results were evaluated by two 
trained pathologists using a double-blind reading method. 

Statistical analysis 

We used either Pearson chi-square test or Spearman rank 
correlation to detect the association between different 
HER2 expression and clinicopathological variables. We 
used either Fisher’s exact test to detect the association 
between PD-L1 positive and negative expression and 
clinicopathological variables. Survival curves were plotted 
using the Kaplan-Meier method [95% confidence interval 
(CI)] and the differences were compared using the log-rank 
test. The Univariate Cox regression model was used, taking 
covariates (all clinicopathological features) into account (15). 
All variables with P<0.05 were included in the multivariate 
Cox model. All tests were two-sided tests, and statistical 
significance was defined as P<0.05. SPSS (26.0, Chicago, 
USA) was used to analyze data.

Results

Clinical information

A total of 2,446 out of 2,703 invasive breast carcinomas 
contained information on axillary lymph node dissection, of 
which 40.1% (980/2,446) had lymph node metastasis. There 
were 41 cases of pure AC in our cohort; all of the patients 
were females, aged 32–75 years (mean: 59 years), and 53.7% 
(22/41) of the patients were over 59 years old. Furthermore, 
85.4% (35/41) of patients were menopausal and 14.6% (6/41) 
were of childbearing age. Among all of the postoperative 
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cases, 2.4% (1/41) of patients received radiotherapy, 70.7% 
(29/41) of patients received chemotherapy, 22.0% (9/41) of 
patients received both radiotherapy and chemotherapy, and 
4.9% (2/41) of patients had not undergone postoperative 
treatment. HER2-positive patients (22.0%, 9/41) were 
treated with Herceptin-targeted therapy. Axillary lymph 
node metastasis occurred in 48.8% (20/41) of patients. 
According to the 8th edition of the American Joint 
Committee on Cancer (AJCC) tumor-node-metastasis 
(TNM) staging system, there were 5 cases (5/41, 12.2%) in 
stage I, 24 cases (24/41, 58.5%) in stage II, 9 cases (9/41, 
21.9%) in stage III, and 3 cases (3/41, 7.3%) in stage IV. 
The follow-up time ranged from 1 to 104 months. At the 
end of the follow-up period, there were four cases lacking 
clinical information about tumor metastasis/recurrence and 
two cases lacking information on patient survival. Tumor 
metastasis/recurrence occurred in 5.4% (2/37) patients, and 
10.3% (4/39) patients died.

Pathological features

The maximum diameter of tumors was 0.47–10.00 cm (mean 
maximum diameter: 2.41 cm). Under low magnification, the 
carcinoma tissue exhibited solid sheets, nest, micropapillary, 
and cord-like growth patterns. In some cases, medium 
to high-grade apocrine type ductal carcinoma in situ was 
observed. Under high magnification, the tumor cells exhibited 
a large size and distinct cell borders. The cells had abundant 
cytoplasm, large mostly central nuclei, and prominent 
eosinophilic nucleoli (Figure 1A,1B), most of which were 
eosinophilic and granular, some of which were in the form of 
tiny vacuoles. The Nottingham histological grades were all 
grade II–III: 73.2% were grade II (30/41) and 26.8% were 
grade III (11/41). Different degrees of inflammatory cell 
infiltration were seen in the stroma; the evaluation of TILs 
status showed that 80.5 % of TILs were <50% (33/41) and 
19.5% of TILs were ≥50% (8/41) (Figure 1C,1D). 
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Figure 1 Morphological characteristics under the microscope and expression of AR, HER2, PD-L1 in Pure AC by H&E and IHC staining. 
(A,B) Pure AC cells with distinct borders, large volume, eosinophilic granular cytoplasm, part of the cytoplasm was small vacuoles, large 
nuclei mostly located in the center of the cells, and eosinophilic nucleoli. Magnification =400×, Scale bar =10 μm. (C,D) Expression of 
TILs in carcinoma tissue. Figure 1C shows TILs <50% and Figure 1D shows TILs ≥50%. Magnification =200×, Scale bar =20 μm. (E) 
Strongly positive of AR in carcinoma cells, located in the nucleus. Magnification =200×, Scale bar =20 μm. (F) HER2-positive carcinoma 
cells, expressed in the cell membrane. Magnification =400×, Scale bar =10 μm. (G) HER2-positive cancer cells showed fine-grained and 
microsphere-like staining in the cytoplasm. Magnification =400×, Scale bar =10 μm. (H) Positive PD-L1 protein in immune cells with a dark 
brown dot or linear staining in the membrane/cytoplasm. Magnification =200×, Scale bar =20 μm. (A-D) were all HE stained; (E-H) were 
all constructed according to the EnVision method; Figure 1E-1G were stained using the Dako automatic immunohistochemical staining 
instrument. Figure 1H was stained using the Ventana automatic immunohistochemical stain; images were taken by KF-PRO-005 digital 
pathology slide scanner (KFBIO, K-Viewer V1, China) and HC 3358+2100 color camera (ASUS, Shanghai, China). AR, androgen receptor; 
HER2, human epidermal growth factor receptor-2; PD-L1, programmed death-ligand 1; AC, apocrine carcinoma; H&E, hematoxylin-
eosin; IHC, immunohistochemistry; TILs, tumor-infiltrating lymphocytes.
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The IHC of previous pathological examinations showed 
negative ER and PR, as well as diffuse, strongly positive 
expression of AR (Figure 1E). HER2 was expressed to 
varying degrees (Figure 1F), of which 2.44% scored 0 (1/41), 
17.07% scored 1+ (7/41), 41.46% scored 2+ (17/41), and 
39.02% scored 3+ (16/41). Seventeen of the 2+ cases were 
tested by FISH, and the results showed that one case was 
HER2-positive, while the remaining 16 cases were HER2-
negative. Of the 41 cases, 41.5% were HER2-positive 
(17/41) and 58.5% were negative (24/41). IHC staining for 
HER2 in 24.4% (10/41) of the cases showed cytoplasmic 
granular and microglobulin staining (Figure 1G), of which 
three were HER2 positive and seven were negative, with 
staining results of 1+ (two cases), 2+ (five cases), and 3+ 
(three cases). The FISH results for 2+ were all negative. Of 
the 14 cases tested for PD-L1, 50% (7/14) were positive for 
PD-L1, showing a dark brown dot or linear staining of the 
membrane/cytoplasm (Figure 1H).

Clinicopathological characteristics of HER2-positive and 
negative pure AC

Among the 41 cases of pure AC, a comparative analysis 
of the HER2-positive and negative groups revealed that 
the expression of TILs and the proliferation of Ki67 in 
the HER2 positive group were significantly higher than 
those in the HER2 negative group (P=0.032, P=0.003) 
(Table 1). Meanwhile, the pathological parameters such 
as age, menopause, histological grade, and lymph node 
metastasis were not statistically different between these 
two groups. PD-L1 staining was 50% (7/14) positive in 
14 cases of AC. The PD-L1 positive rates in the HER2-
negative and positive groups were 66.7% (4/6) and 37.5% 
(3/8), respectively, and this difference was not statistically 
significant (P=0.592). Two of the 14 cases presented TILs 
≥50%, which were positive for PD-L1 and Ki67 >20%. 
In the remaining 12 samples with TILs <50%, 41.7% 
(5/12) were PD-L1 positive and 58.3% (7/12) were PD-L1 
negative. All of the 14 PD-L1-negative samples had TILs 
<50% (Table 2), and there was no statistically significant 
difference between PD-L1 expression and the pathological 
parameters such as age, menopause, histological grade, and 
lymph node metastasis.

Prognostic analysis 

The follow-up period ended in January 2021. Univariate 

Table 1 Clinicopathological characteristics of 41 patients with pure 
AC based on their HER2 expression status

Characteristics
HER2-negative 

(N=24)
HER2-positive 

(N=17)
P value

Age, years 59.4±10.2 57.4±8.8 0.476

Menopause, n (%) 0.991

Yes 21 (87.5) 14 (82.4)

No 3 (12.5) 3 (17.6)

Tumor size, cm 2.3±2.0 2.5±1.0 0.350

Histologic grade, n (%) 0.303

2 19 (79.2) 11 (64.7)

3 5 (20.8) 6 (35.3)

Lymph node status, n (%) 0.412

Negative 11 (45.8) 10 (58.8)

Positive 13 (54.2) 7 (41.2)

TILs, n (%) 0.032

<50% 22 (91.7) 11 (64.7)

≥50% 2 (8.3) 6 (35.3)

Ki67, n (%) 0.003

≤20% 14 (58.3) 2 (11.8)

>20% 10 (41.7) 15 (88.2)

AC, apocrine carcinoma; HER2, human epidermal growth factor 
receptor-2; TILs, tumor-infiltrating lymphocytes.

Table 2 Correlation analysis of HER2, TILs, and Ki67 in  
14 patients with pure AC based on their PD-L1 expression status

Characteristics
PD-L1-negative 

(N=7)
PD-L1-positive 

(N=7)
P value

HER2, n (%) 0.592

Negative 2 (28.6) 4 (57.1)

Positive 5 (71.4) 3 (42.9)

TILs, n (%) 0.462

<50% 7 (100.0) 5 (71.4)

≥50% 0 (0.0) 2 (28.6)

Ki67, n (%) 1.000

≤20% 2 (28.6) 2 (11.8)

>20% 5 (71.4) 5 (88.2)

HER2, human epidermal growth factor receptor-2; TILs,  
tumor-infiltrating lymphocytes; AC, apocrine carcinoma; PD-L1, 
programmed death-ligand 1.
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analysis was performed on the clinicopathological features of 
the 41 cases of pure AC. The Kaplan-Meier survival curves 
showed that the overall survival time of HER2-positive 
patients was longer than that in HER2-negative patients 
[hazard ratio (HR) 0.03, 95% CI: 0.00–infinite, P=0.211] 
(Figure 2A). Among the 17 HER2-positive patients, 76.5% 
(13/17) were treated with chemotherapy and 23.5% (4/17) 
received radiotherapy. Of these patients, 52.9% (9/17, seven 
of radiotherapy and two of chemoradiotherapy) received 
Herceptin-targeted therapy. 

Among the 24 HER2-negative patients, 4.2% (1/24) 
received radiotherapy, 66.7% (16/24) received chemotherapy, 
20.8% (5/24) received chemoradiotherapy, and 8.3% 
(2/24) did not receive chemoradiotherapy. Moreover, 
none of these patients were treated with targeted therapy. 
The overall survival rate was higher in patients with Ki67 
>20% than in patients with Ki67 ≤20% (HR 0.28, 95% CI: 
0.03–2.74, P=0.245) (Figure 2B). Of the 25 patients with 
Ki67 >20%, 68.0% (17/25) received chemotherapy, 24.0% 
(6/25) received chemoradiotherapy, and 8.0% (2/25) did 
not receive chemoradiotherapy. Among these patients, 
32.0% (8/25, six radiotherapy and two chemoradiotherapy) 
received Herceptin-targeted therapy. Of the 16 patients 
with Ki67 ≤20%, 6.3% (1/16) received radiotherapy, 75.0% 
(12/16) received chemotherapy, and 18.75% (3/16) received 
chemoradiotherapy, of which 6.3% (1/16, 1 radiotherapy) 
received Herceptin-targeted therapy. 

TILs ≥50%, TILs <50%, Ki67 >20%, and Ki67 ≤20% 
were defined as TILshigh, TILslow, Ki67high, and Ki67low, 
respectively. TILs and Ki67 co-expression analysis with 
the TILshigh/Ki67high, TILshigh/Ki67low, TILslow/Ki67low, 
and TILslow/Ki67high subgroups revealed no significant 

differences in overall survival between the groups (HR 1.25, 
95% CI: 0.58–2.70, P=0.452), but only the TILshigh/Ki67high 
group did not have any death events (Figure 2C). In 14 
cases of pure AC, the PD-L1 expression was positive in all 
TILshigh/Ki67high groups, and the positive expression of PD-
L1 was 50% in the TILslow/Ki67low group (Figure 2D). 

Discussion

Invasive breast carcinoma may exhibit focal to extensive 
apocrine differentiation. Vranic et al. (7) first proposed the 
concept of pure AC of the breast, which only accounts for 
about 1% of all breast cancers and has been reported in 
cases and small samples in China and abroad (17). It has 
been suggested that there is no significant difference in 
the biological behavior of pure AC and common invasive  
cancer (17),  but due to the present l imits  to our 
understanding of morphology and academic discussion, 
these opinions have no practical clinical significance. In 
recent years, with the increasing numbers of cases and the 
development of research, the understanding of this special 
subtype of breast cancer has gradually deepened.

The present study included 41 cases of pure AC, 
which accounted for 1.5% (41/2,703) of all breast cancers 
admitted during the same period, and the total incidence 
rate was similar to that reported in the literature. Our 
study revealed that this special subtype of breast cancer 
is more likely to occur in postmenopausal elderly women 
compared to invasive ductal carcinoma. The mean age of 
onset in this patient cohort was 59 years, 53.7% (22/41) 
patients were over 59 years old, and 85.4% (35/41) patients 
were menopausal, which is consistent with previously 
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reported, and there were no significant differences in the 
clinical manifestations, imaging features, and preferred sites 
between the patients (18-20). Tanaka et al. (21) reported 
that pure AC patients had lower rates of axillary lymph 
node metastasis than non-pure AC patients; however, 
the rate of axillary lymph node metastasis in our cohort 
(48.8%, 20/41) was higher than that of non-AC patients 
(40.1%, 980/2,446) during the same period. The reason for 
this inconsistency may be that there were fewer enrolled 
cases, making the data of Tanaka et al. scholars’ group and 
our group differ in statistical results (21). Another reason 
may be racial differences between the patients. A domestic 
study of HER2-negative pure AC showed that 50% (9/18) 
of patients had axillary lymph node metastasis, with 1–10 
positive lymph nodes (22). Also, most patients had earlier 
TNM staging: 38.9% (7/18) were stage I, 50% (9/18) were 
stage II, and 11.1% (2/18) were stage III (22). In this study, 
12.2% (5/41), 58.5% (24/41), and 21.9% (9/41) were stages 
I, II, and III, respectively, and the staging distribution was 
later than that of the aforementioned domestic research.

The most characteristic morphology of pure AC is 
cytological characteristics. The carcinoma cells retain the 
characteristics of benign apocrine metaplasia cells, with 
distinct cell borders, large volume, and abundant cytoplasm, 
most of which are eosinophilic and granular, and some of 
which may be in the form of tiny vacuoles. The nuclei of 
AC cells are approximately three times larger than those of 
normal apocrine cells (three-fold rule). Also, there are one 
or more prominent eosinophilic nucleoli, and mitoses can be 
seen. The histological structure of pure AC is similar to that 
of non-apocrine breast carcinoma, which can exhibit various 
growth patterns (such as solid sheet, nested, micropapillary, 
and cord-like), and is often combined with middle-high 
grade apocrine ductal carcinoma in situ, necrosis, and 
calcification can also be seen. According to the strict 
definition of pure AC, its immunophenotype is constantly 
negative for ER and PR, and strongly positive for AR. Pure 
Ac can be divided into HER2-positive and HER2-negative 
types (TNAC) based on HER2 expression (3,22,23). We 
found that the HER2-positive type (41.5%) was slightly 
less prevalent than the HER2-negative type (58.5%). We 
also observed that in 24.4% (10/41) of the HER2-positive 
cases, HER2 appeared cytoplasmic granular and micro-
spherical staining when using ROCHE company’s HER2 
primary antibody for IHC staining. According to the 
HER2 interpretation criteria, only invasive tumor cells with 
membrane staining should be interpreted, and cytoplasmic 
staining should be ruled out. FISH verification of these 

special HER2 staining cases showed that 30.0% (3/10) 
were HER2 positive, 70.0% (7/10) were HER2 negative, 
and all of the cases with IHC staining of 2+ were FISH 
negative. This expression pattern has never been observed 
in previous routine HER2 IHC assays in non-apocrine 
breast cancers and is currently found only in AC. To clarify 
whether this is related to the performance of different clone 
numbers of antibodies, IHC validation staining of a HER2 
primary antibody from DAKO was performed on these 10 
cases, and the interpretation results were consistent with 
those of ROCHE, but no cytoplasmic granular staining 
was observed in any of them. We speculated that the HER2 
cytoplasmic granular staining may be caused by the HER2 
primary antibody from ROCHE, but the specific reason 
requires further investigation.

The distribution of tumor TILs in our cohort of 41 ACs 
ranged from 1–80%, with a median value of 20%, which was 
consistent with the previous domestic research report (22).  
Our results indicated that 80.5% (33/41) of patients had 
TILs <50% and 19.5% (8/41) had TILs ≥50%. The 41 AC 
cases were divided into HER2-positive and negative groups 
based on their HER2 status. The HER2-positive group had 
higher TIL expression and Ki67 proliferation index than 
the HER2-negative group, suggesting that HER2-positive 
patients had higher TIL levels and tumor proliferation 
activity. Meanwhile, by observing the 14 cases of AC with 
PD-L1 (SP142) IHC staining, we found that PD-L1 
expression and TILs status were differentially expressed 
between the HER2-negative and positive groups, but 
none of them were statistically significant, which may be 
related to the limited sample size. Recent studies on T cell 
dynamics have demonstrated that the response of T cells in 
TILs to immune checkpoint blockade (ICB) may depend on 
the recruitment of peripheral T cells, which, together with 
PD-L1 and the tumor mutational burden (TMB), represent 
different origins and mechanisms of ICB responses (24,25). 
The differential expression shown by the data in our 
cohort may help to reasonably design combined treatment 
strategies to improve the treatment response of AC patients. 
The 50% positive expression rate of PD-L1 is higher 
compared to that in generalized TNAC (26,27), while a 
domestic study (22) have reported a PD-L1 positivity rate 
of 11.2% (2/17). There is also a lack of clinical data on the 
use of PD-L1 inhibitors in pure AC.

The study on the gene expression profile of breast cancer 
have proposed the “molecular apocrine type” (LAR), which 
is characterized by the absence of ER and high expression 
of AR, and most tumors are HER2-positive, suggesting that 
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it is related to the HER2 signaling pathway (28). There is a 
certain correlation and overlap between this molecular type 
and histopathological AC, but it is not fully equated, and 
not all LAR breast cancers meet the diagnostic criteria for 
AC. Pure AC strongly expresses AR, and the activation of 
the AR signaling pathway is its distinctive feature. Previous 
studies have reported that forkhead box A1 (FOXA1) and 
HER2 activation can up-regulate AR levels (29,30), and AR 
antagonists have achieved good efficacy in the treatment of 
prostate cancer, providing new ideas to clinicians regarding 
AR as a new therapeutic target (31-33). Gucalp et al. (34) 
discovered encouraging results in a clinical trial in patients 
with metastatic AR-positive TNBC treated with AR 
antagonists. There are currently more than 10 clinical trials 
of AR antagonists targeting breast cancer in progress (35,36).

The survival curves of our 41 patients showed that the 
cumulative survival of HER2-positive pure AC patients 
was higher than that of HER2-negative patients, and the 
cumulative survival of the Ki67 >20% group was higher 
than that of Ki67 ≤20% group, although this was not 
statistically significant. Moreover, 52.9% (9/17) of HER2-
positive patients received Herceptin-targeted therapy; 
it is presumed that the cumulative survival benefit may 
be related to the application of HER2-targeted drugs in 
patients with this phenotype. The survival curves of TILs 
and Ki67 co-expression in the TILshigh/Ki67high, TILshigh/
Ki67low, TILslow/Ki67low, and TILslow/Ki67high groups showed 
that the TILshigh/ Ki67high phenotype may have the best 
prognosis. There were no deaths in the TILshigh/Ki67high 
group. Among the six cases in the TILshigh/Ki67high group, 
five were treated with chemotherapy, and one received 
radiotherapy. Furthermore, five were HER2-positive 
and two were treated with Herceptin-targeted therapy 
(one of radiotherapy and one of chemotherapy). The co-
expression survival curve showed that the TILslow/Ki67low 
phenotype likely had the worst prognosis. Of the 14 cases 
in the TILslow/Ki67low group, one received radiotherapy, 10 
received radiotherapy, and three received radiotherapy and 
chemotherapy. However, a larger sample study is needed to 
verify these results. 

In the 14 cases of AC, PD-L1 expression was positive 
in the TILshigh/Ki67high group, which may have potential 
value for immunotherapy. There are currently numerous 
potential molecular targets in AC. Vranic et al. (8,37) found 
that about 32% of tumors were HER2-positive, and the 
HER2-positive type in this study was 41.5% (17/41), which 
indicates consistency between the studies. Vranic et al. 
scholars’ study revealed mutations in tumor protein p53 

(TP53), B-raf proto-oncogene (BRAF)/Kirsten rat sarcoma 
virus (KRAS), and phosphatidylinositol-4,5-bisphosphate 
3-kinase catalytic subunit alpha (PI3KCA)/phosphatase 
and tensin homolog (PTEN) genes by next-generation 
sequencing (NGS) detection, and Lehmann-Che et al. also 
found that PIK3CA/PTEN/ protein kinase B (AKT) and 
TP53 alterations were most common in AC (37,38). AC 
with PIK3CA mutations and high AR expression may be 
sensitive to combined treatment with PIK3CA and AR 
inhibitors (39). These potential molecular targets provide 
the possibility for molecularly-targeted therapies for AC, 
but functional studies are still needed to verify them.

In summary, pure AC is a rare and specific type of breast 
cancer with differential expression of HER2, TILs, and 
PD-L1, suggesting the possibility of treatment for patients 
who have different immune statuses and are suitable for 
exploratory directions such as combined immunotherapy. 
With the increasing numbers of cases, the application of 
molecular detection techniques, and the development of 
drug clinical trials, our understanding and treatment of this 
tumor will inevitably become clearer and more effective.
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