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Purpose This study investigated pathological complete response (pCR) according to androgen receptor (AR) in breast cancer patients
undergoing neoadjuvant chemotherapy and estimated the relationship between AR expression and clinicopathological factors.

Materials and Methods We identified 624 breast cancer patients who underwent surgery after neoadjuvant chemotherapy at the
National Cancer Center in Goyang, Korea from April 2016 to October 2019. We retrospectively collected the clinicopathologic informa-
tion and AR expression results and analyzed the data according to cancer stage, hormonal receptor (HR) status, human epidermal
growth factor receptor 2 (HER2) status, tumor subtype, and pCR.

Results Among the 624 breast cancer patients, 529 (84.8%) were AR-positive (AR+) patients and 95 (15.2%) were AR-negative (AR-)
patients. AR+ patients showed more estrogen receptor (ER) positivity, progesterone receptor (PR) positivity, HER2-positivity, and HR-
positive and HER2-negative (HR+/HER2-) subtype. The rate of pCR was 31.4% (196/624). AR- patients had a significantly higher
rate of pCR than AR+ patients (AR- 43.2% vs. AR+ 29.3%, p=0.007). The tumor factors associated with pCR were early stage, histo-
logic grade 3, ER-negative, PR-negative, AR-negative, HER2-positive, and high Ki-67 values. In univariable analysis, AR+ significantly
decreased the state of pCR (odds ratio, 0.546; 95% confidence interval, 0.349 to 0.853; p=0.008). According to tumor subtype,
AR- tumor showed higher pCR rate in HR+/HER2- subtype (AR- 28.6% vs. AR+ 7.3%, p=0.022).

Conclusion AR expression is predominant in the HR+/HER2- subtype. AR- is significantly associated with the pCR rate in breast
cancer patients, especially within HR+/HER2- subtype. When determining neoadjuvant chemotherapy for the HR+/HER2- subtype,

AR expression can be considered as a pCR predictive marker.
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Introduction

Neoadjuvant chemotherapy has become the standard
treatment for patients with locally advanced breast cancer
[1]. Studies have reported a more favorable prognosis for
patients with pathologic complete response (pCR) after neo-
adjuvant chemotherapy [2]. The rate of pCR by neoadjuvant
chemotherapy differs according to the subtypes of breast
cancer classified with estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor receptor
2 (HER?2) [3]. Neoadjuvant chemotherapy has shown to be
more effective with triple-negative breast cancer (TNBC) or
HER2-positive breast cancer than ER-positive breast cancer
[1].

The androgen receptor (AR) is a steroid hormonal recep-
tor expressed in about 70%-90% of breast cancers [4,5]. AR is

known to be associated with ER in breast cancer and various
studies report the different roles of AR according to ER. The
expression of AR was reported at about 50%-90% in hormo-
nal receptor (HR)-positive subtypes and its expression var-
ied from 10%-50% in TNBC [5-7]. Well-differentiated types of
the histologic grade were associated with high expression of
AR [5]. Previous reports found that AR expression is associ-
ated with the recurrence rate and survival rate of breast can-
cer in each subtype [8-10]. However, studies regarding AR
as a predictor of pCR rate after neoadjuvant chemotherapy
according to cancer subtype are insufficient.

The purpose of this study was to investigate pCR rates
of androgen receptors in breast cancer patients undergoing
prior chemotherapy, and to confirm the significance of AR
as a predictor. Additionally, we evaluated the correlation
between pCR and AR by breast cancer subtype.
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Materials and Methods

1. Study population and data collection

We included breast cancer patients diagnosed with stage
I-III that were receiving neoadjuvant chemotherapy and
undergoing surgery at the National Cancer Center in Goy-
ang, Korea. Also, patients with hormone receptor (ER/PR/
AR) test results prior to chemotherapy were enrolled. We
excluded patients with stage IV breast cancer, those who
were treated with neoadjuvant chemotherapy but did not
undergo surgery, and those without hormone receptor (ER/
PR/AR) test results.

From April 2016 to October 2019, we enrolled 624 patients
who underwent surgery after neoadjuvant chemotherapy.
We reviewed the patients’ clinicopathological characteristics
including age, body mass index, menopause status, hormone
status, Ki67 level, cancer subtype, clinical stage, and treat-
ment method through electronic medical records.

We classified breast cancers into four subtypes: HR-pos-
itive and HER2-negative (HR+/HER2-), HR-positive and
HER2-positive (HR+/HER2+), HR-negative and HER2-posi-
tive (HR-/HER2+), HR-negative and HER2-negative (HR-/
HER2-). HR-positive was defined as ER and/or PR positive.

This study was approved by the Institutional Review Board
of the National Cancer Center (IRB number NCC 2020-0224).
The requirement for informed consent was waived as the
study was a retrospective medical record review and caused
minimal harm to the subjects.

2. Pathologic evaluation

The status of the hormone receptor was analyzed by core
needle biopsy at the time of initial diagnosis. Hormone
receptor expression including ER, PR, and AR was defined
by the Allred score [11]. Scores from 0 to +2 were negative,
and scores from +3 to +8 were regarded as positive (Fig. 1).
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Immunohistochemistry (IHC) was performed using the
following primary antibodies: prediluted anti-ER rabbit
monoclonal antibody (SP1, Ventana-Diapath, Tucson, AZ);
prediluted anti-PgR rabbit monoclonal antibody (1E2, Ven-
tana-Diapath); anti-AR rabbit monoclonal antibody (SP107,
diluted 1:50, Cell Marque, Rocklin, CA); anti-Ki67 monoclo-
nal antibody (MIB-1, diluted 1:100, Dako, Glostrup, Den-
mark) and c-erbB2 (4B5, prediluted, Ventana Medical, Tuc-
son, AZ). Sliver in situ hybridization (SISH) assays for asse-
ssing HER2 gene amplification were performed for IHC
equivocal (score 2+) cases. A positive HER2 SISH result was
a HER2/chromosome enumeration probe 17 (CEP17) ratio
> 2.0 regardless of the average HER2 copy number or a
HER2/CEP17 ratio < 2.0 with an average HER2 copy num-
ber = 6.0 signal/cell [12]. IHC results were reviewed by one
pathologist. pCR was defined as ypTONO or ypTisNO.

3. Statistical analyses

Patient characteristics were summarized by the mean and
standard deviation for continuous variables, and frequency
counts with percentages for categorical variables. For clini-
cal factors according to pretreatment AR and pCR, depend-
ing on the types of variables, the chi-square test or Fisher
exact test was used for categorical variables, and the t test
was used for continuous variables. Clinical factors affecting
PCR were identified using a multivariable logistic regres-
sion model. After including all clinical factors, the backward
elimination method with criterion p-value < 0.05 was used
to identify significant factors. In addition, after correcting
for significant factors, to confirm the effect of pretreatment
AR on pCR, the distribution of pretreatment AR and pCR in
subgroups by subtype was summarized using percentages,
and the relationship was confirmed using the chi-square test
or Fisher exact test. All statistical analyzes were performed
using R ver. 412 (R Core Team, Vienna, Austria), and a

Fig. 1. Immunohistochemistry images of androgen receptor expression. Cores were graded as negative (Allred scores 0-2, A) and positive

(Allred scores 3-8, B).
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Table 1. Characteristics of the study population

Characteristic Total (n=624) AR- (n=95) AR+ (n=529) p-value

Age (yr)
Mean+SD 50.0+9.6 50.0+10.6 50.049.4 0.954
Median (min-max) 49.5 (17-78) 49 (30-78) 50 (17-78)

BMI
Mean+SD 24.9+3.7 25.2+4.3 249435 0.557
Median (min-max) 24.6 (14.2-39.1) 25.1 (14.2-39.1) 24.5 (15.8-35.7)

Menopause
Pre/Peri 316 (50.6) 45 (47.4) 271 (51.2) 0.488
Post 308 (49.4) 50 (52.6) 258 (48.8)

Clinical stage
1,2 319 (51.1) 50 (52.6) 269 (50.9) 0.749
3 305 (48.9) 45 (47.4) 260 (49.2)

Clinical T category
Tx, 1,2 437 (70.0) 79 (83.2) 358 (67.7) 0.002
3,4 187 (30.0) 16 (16.8) 171 (32.3)

Clinical N category
0,1 405 (64.9) 56 (59.0) 349 (66.0) 0.187
2,8 219 (35.1) 39 (41.0) 180 (34.0)

Histologic grade (missing=16)
1,2 293 (48.2) 15 (16.3) 278 (53.9) <0.001
3 315 (51.8) 77 (83.7) 238 (46.1)

Estrogen receptor
Negative 248 (39.7) 84 (88.4) 164 (31.0) <0.001
Positive 376 (60.3) 11 (11.6) 365 (69.0)

Progesterone receptor
Negative 311 (49.8) 89 (93.7) 222 (42.0) <0.001
Positive 313 (50.2) 6(6.3) 307 (58.0)

HER2
Negative 379 (60.7) 83 (87.4) 296 (56.0) <0.001
Positive 245 (39.3) 12 (12.6) 233 (44.1)

Subtype
HR+/HER2- 262 (42.0) 14 (14.7) 248 (46.9) <0.001
HR+/HER2+ 126 (20.2) 1(1.1) 125 (23.6)
HR-/HER2+ 119 (19.1) 11 (11.6) 108 (20.4)
HR-/HER2- 117 (18.8) 69 (72.6) 48 (9.1)

Ki-67 (missing=1)
Mean+SD 42.3+22.0 62.8+20.6 38.6+20.1 <0.001
Median (min-max) 40 (1-99) 66 (1-99) 37 (1-97)

Surgery
Mastectomy 176 (28.2) 21(22.1) 155 (29.3) 0.151
BCS 448 (71.8) 74 (77.9) 374 (70.7)

Radiation therapy
No 18 (2.9) 0 18 (3.4) 0.091
Yes 606 (97.1) 95 (100) 511 (96.6)

Target therapy
No 377 (60.4) 80 (84.2) 297 (56.1) <0.001
Yes 247 (39.6) 15 (15.8) 232 (43.9)

(Continued to the next page)
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Table 1. Continued
Characteristic Total (n=624) AR- (n=95) AR+ (n=529) p-value

Hormonal therapy

No 234 (37.5) 81 (85.3) 153 (29.0) <0.001
Yes 390 (62.5) 14 (14.7) 376 (71.0)

PCR status
Non-pCR 428 (68.6) 54 (56.8) 374 (70.7) 0.007
pCR 196 (31.4) 41 (43.2) 155 (29.3)

Values are presented as number (%). AR, androgen receptor; BCS, breast conserving surgery; BMI, body mass index; HER2, human epider-
mal growth factor receptor 2; HR, hormonal receptor; pCR, pathological complete response; SD, standard deviation.

Table 2. Associations of tumor factors and pCR

Characteristic Total (n=624) Non-pCR (n=428) PCR (n=196)

Clinical stage

1,2 319 (51.1) 205 (47.9) 114 (58.2) 0.017
3 305 (48.9) 223 (52.1) 82 (41.8)

Histologic grade (missing=16)
1,2 293 (48.2) 239 (57.3) 54 (28.3) <0.001
3 315 (51.8) 178 (42.7) 137 (71.7)

Estrogen receptor
Negative 248 (39.7) 111 (25.9) 137 (69.9) <0.001
Positive 376 (60.3) 317 (74.1) 59 (30.1)

Progesterone receptor
Negative 311 (49.8) 158 (36.9) 153 (78.1) <0.001
Positive 313 (50.2) 270 (63.1) 43 (21.9)

HER2
Negative 379 (60.7) 310 (72.4) 69 (35.2) <0.001
Positive 245 (39.3) 118 (27.6) 127 (64.8)

Androgen receptor
Negative 95 (15.2) 54 (12.6) 41 (20.9) 0.007
Positive 529 (84.8) 374 (87.4) 155 (79.1)

Subtype
HR+/HER2- 262 (42.0) 240 (56.1) 22 (11.2) <0.001
HR+/HER2+ 126 (20.2) 81 (18.9) 45 (23.0)
HR-/HER2+ 119 (19.1) 37(8.6) 82 (41.8)
HR-/HER2- 117 (18.8) 70 (16.4) 47 (24.0)

Ki-67
Mean+SD (missing=1) 42.3+22.0 38.4+21.7 50.8+20.2 <0.001
Median (min-max) 40 (1-99) 35 (1-99) 48 (2-96)

Values are presented as number (%). HER2, human epidermal growth factor receptor 2; HR, hormonal receptor; pCR, pathological complete
response; SD, standard deviation.

p-value < 0.05 was considered statistically significant. adjuvant chemotherapy were included in the analysis. Table
1 summarized the clinicopathologic characteristics of the
patients. Five hundred twenty-nine patients (84.8%) were

Results AR-positive and 95 patients (15.2%) were AR-negative. The
mean age (tstandard deviation) at diagnosis was 50.0+9.6

1. Characteristics of the study population years. Regarding the AR receptor status, the AR-positive
A total of 624 breast cancer patients who underwent neo- group had significantly higher clinical T stages 3, and 4
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than the AR-negative group (32.3% vs. 16.8%, p=0.002).
The AR-positive group had significantly higher ER posi-
tivity and PR positivity, and HER2 positivity than the AR-
negative group. Ki-67 levels were significantly lower in the
AR-positive group in comparison to the AR-negative group
(38.6£20.1 vs. 62.8420.6, p < 0.001). Regarding the subtypes,
HR+/HER2-, HR+/HER2+, HR—/HER2+, and HR-/HER2-
subtypes comprised 46.9%, 23.6%, 20.4%, and 9.1% of the
AR-positive group, respectively. In the AR-negative group,
the HR—-/HER2- subtype was most frequent (72.6%), fol-
lowed by the HR+/HER2- subtype (14.7%). There was a sig-
nificant difference between the AR-positive group and AR-
negative group regarding subtypes (p < 0.001). The rates of
PCR were 29.3% in the AR-positive group and 43.2% in the
AR-negative group (p=0.007).

2. Tumor factors and pCR outcomes of patients

The associations between clinicopathologic tumor factors
and pCR outcomes are summarized in Table 2. Clinical stage,
histologic grade, ER, PR, HER2, AR, subtype, and Ki-67 lev-
els had significant correlations with pCR rates. Patients that
achieved pCR showed significantly lower AR-positive rates
than non-pCR patients (79.1% vs. 87.4%, p=0.007). Regarding
PCR patients, the HR-/HER2+ subtype was most frequent
(41.8%), followed by the HR-/HER2- subtype (24%). On the
other hand, in non-pCR patients, the HR+/HER2- subtype
was most frequent (56.1%) and the HR-/HER2+ subtype
was least frequent (8.6%). Ki-67 levels of pCR patients were
significantly higher than non-pCR patients (50.8+20.2 vs.
38.5+21.7, p < 0.001).

In the univariable analysis, clinical stage, ER, PR, HER2,
and Ki-67 were significantly associated with pCR. AR-posi-
tive significantly decreased the state of pCR (odds ratio [OR],
0.546; 95% confidence interval [CI], 0.349 to 0.853; p=0.008).
However, multivariable analysis showed no associations
between AR and pCR (Table 3).

Also, pCR outcomes differed according to AR status in the
breast cancer subtype (Fig. 2). In HR+/HER2- subtype, AR
negativity showed high correlation with the pCR rate (AR-
negative 28.6% vs. AR-positive 7.3%, p=0.022). There were
no significant correlations between AR and pCR in other sub-
types (51 Table).

3. Downstaging of tumors after neoadjuvant chemotherapy

Regarding the effect of neoadjuvant chemotherapy, it
was confirmed that 470 patients (75.3%) were downstaging
of tumors after neoadjuvant chemotherapy. Among these
patients, the subtype distribution was 32.3% in HR+/HER2-
subtype, 23.2% in HR+/HER2+ subtype, 23.6% in HR-/
HER2+ subtype, and 20.9% in HR-/HER2- subtype. The
downstaging effect of tumor after neoadjuvant chemother-
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apy by subtypes was 58% in HR+/HER2- subtype, 86.5%
in HR+/HER2+ subtype, 93.3% in HR—/HER2+ subtype,
and 83.8% in HR-/HER2- subtype. The median size of the
residual tumor was 1.3 cm (0-11.6) and the median number
of metastatic lymph nodes was 3 (0-23). In HR+/HER2-
subtype, the median size of the residual tumor was 1.6 cm
(0-11.6) and the median number of metastatic lymph nodes
was 1 (0-16).

Discussion

In the current study, we reported AR as a predictive fac-
tor in breast cancer with neoadjuvant chemotherapy. We
showed that HR+/HER2- or HR+/HER2+ subtypes are
more frequently associated with AR-positivity. On the other
hand, the HR-/HER2- subtype showed higher AR-negative
rates.

The distribution of subtypes according to AR in early breast
cancer showed that AR positivity was the most common in
luminal A (87.6%), followed by luminal B (about 76% ), HER2
(56.2%), and TNBC (20.6%) [13]. In our study, although the
rates of positivity were different, the patterns of positivity by
subtypes were similar.

In TNBC patients, one study reported a 30% positive AR
expression percentage. Among patients who received neo-
adjuvant chemotherapy, the proportion of AR-positive was
25% and AR-negative was 75% [14], which was similar to our
results. Our study showed the proportion of AR-positive was
41% and AR-negative was 59%.

AR has been reported as an independent factor in deter-
mining prognosis, and other previous studies have shown
similar results. In the HER2 subtype, AR expression was
associated with favorable clinicopathological characters and
prognosis [15]. Previous observational studies have shown
results for AR as predictors for anti-hormonal therapy in HR-
positive breast cancers. Regarding postmenopausal women
with early stage hormone-positive breast cancer, there were
conflicting results that AR expression was not associated with
prognosis and was not a suitable biomarker for determining
adjuvant endocrine therapy [16]. Other studies reported that
AR expression was a favorable prognostic factor in women
with ER-positive breast cancer than with ER-negative breast
cancer [17,18].

The National Comprehensive Cancer Network guidelines
recommend neoadjuvant chemotherapy for locally advanced
breast cancer, as it shows a significantly good survival rate
in cases with pCR after neoadjuvant chemotherapy [1].
According to a neoadjuvant setting study based on AR
mRNA expression, high AR expression was associated with
lower pCR rates (OR, 0.66; 95% CI, 0.55 to 0.78; p < 0.001) [19].
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Fig. 2. Distribution of pathological complete response according to androgen receptor (AR) expression by subtypes: hormone receptor
(HR)-positive and human epidermal growth factor receptor 2 (HER2)-negative (HR+/HER?2-), HR-positive and HER2-positive (HR+/
HER?2+), HR-negative and HER2-positive (HR-/HER2+), HR-negative and HER2-negative (HR-/HER2-).

Our study showed that AR positivity was associated with a
low pCR rate in a univariate analysis. Among breast cancer
subtypes, the HR+/HER2-subtype had the highest AR-posi-
tivity, but the pCR rate after neoadjuvant chemotherapy was
lower in the HR+/HER2- subtype than the HR+/HER+ sub-
type, HR-/HER2+ subtype, or HR-/HER- subtype.

A previous study found that AR expression was associ-
ated with better therapeutic responsiveness in HER2 type.
The AR-positive group was a significantly high pCR rate
than the AR-negative group (72.1% vs. 23.1%, p < 0.001). Ina
multivariate analysis, AR-positive was associated with pCR
in HER2 type (OR, 9.4; 95% CI, 3.31 to 26.71; p < 0.001) [15].
Our study showed that there was no significant association
between pCR and AR expression in the HR+/HER2+ sub-
type and HR-/HER2- subtype. The results between the pre-
vious study and our study may be due to differences in the
sample size distribution of the subtypes.

AR expression may help determine neoadjuvant chemo-
therapy according to breast cancer subtype. Another study
demonstrated that chemotherapy-sensitive patients with the
TNBC subtype had negative AR status and higher Ki-67 val-
ues [20].

Patients with TNBC accomplishing non-pCR have an
unfavorable prognosis and require additional treatment after
surgery [21]. A retrospective study showed that compared
with the AR-negative TNBC subtype, AR-positive breast
cancers were significantly associated with better disease-free
survival and overall survival despite a significantly lower
rate of pCR to neoadjuvant chemotherapy (AR-positive
12.8% vs. AR-negative 25.4%) [22]. Based on gene ontologies
and differential gene expression in TNBC, the luminal andro-
gen receptor (LAR) subtype had a lower pCR rate compared
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to other subtypes, but a favorable prognosis [23]. The LAR
type showed a lower pCR rate compared to other subtypes,
but a better prognosis.

The strengths of this study are as follows: First, this study
is comprised of a large sample size of Asians for the analysis
of AR expression following neoadjuvant chemotherapy. In a
previous study in Germany with a similar sample size to our
study, the patterns of AR expression were observed as simi-
lar results to our study [22]. It was possible to confirm wheth-
er there was a difference between Asians and other ethnici-
ties. Second, we analyzed AR positivity in various subtypes
of breast cancer including HR-positive and HER2-positive
subtypes. In clinical settings, HR-positive tumor including
clinical stages I and I is treated with surgery rather than neo-
adjuvant chemotherapy. Additional chemotherapy is consid-
ered after performing an Oncotype test or Mammaprint test
based on final pathology results. Previous studies regarding
AR expression and clinical significance have mainly focused
on the TNBC subtype. Our study confirmed pCR patterns in
different subtypes of breast cancer.

However, our study also has several limitations. The main
limitation regards the lack of information to identify the
relationship between pCR and overall survival. We could
not confirm the prognostic effect of AR positivity on overall
survival. Further follow-up research is necessary to investi-
gate AR expression and prognostic value for overall survival.
Another limitation regards the comparison of treatment
effectiveness. As the patients were treated with different
chemotherapy regimens according to breast cancer subtype,
it was difficult to compare the effectiveness of treatment.

Nevertheless, this is the first large-scale study to analyze
AR expression in all subtypes of breast cancer patients who
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received neoadjuvant chemotherapy in Asia.

In conclusion, we discovered the correlation between AR
expression and neoadjuvant chemotherapy outcomes. AR
expression is predominant in the HR+/HER2- subtype.
AR negativity is more effective in a neoadjuvant treatment
setting of the HR+/HER2- subtype. Therefore, we need to
regard AR expression as a pCR predictive marker for the
HR+/HER2- subtype considering neoadjuvant chemother-

apy.
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