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ABSTRACT

Purpose: Endocrine therapy is a standard treatment for hormone receptor-positive breast
cancer, which accounts for 60%-75% of all breast cancer. Hormone receptor positivity is a
prognostic and predictive biomarker in breast cancer. Approximately 50%-80% of breast
cancer is also positive for androgen receptor (AR), but the prognostic and predictive value of
AR expression in breast cancer is controversial. Here, we investigated AR expression and its
prognostic value in patients with surgically resected breast cancer in Korea.

Methods: We retrospectively reviewed the medical records of patients who had surgically
resected breast cancer to collect AR expression data and other clinicopathological data. The
optimal cut-off for AR positivity was determined using a receiver operating characteristic
curve analysis.

Results: We reviewed 957 patients with surgically resected breast cancer from June 2012 to
April 2013. The median follow-up was 62 months, and relapse events occurred in 101 (10.6%)
patients. Unlike the cut-off value of 1% or 10% in previous reports, 35% was determined to
be best for predicting relapse-free survival (RES) in this study. At the cut-off value of 35%, 654
(68.4%) patients were AR-positive. AR expression was more prevalent in luminal A (87.6%)
and luminal B (73.1%) types than in human epidermal growth factor receptor 2-positive
(56.2%) or triple-negative (20.6%) types. AR expression of > 35% was significantly related to
longer RFS in a multivariate analysis (hazard ratio, 0.430; 95% confidence interval, 0.260—
0.709; p=0.001).

Conclusion: We propose a cut-off value of 35% to best predict RFS in patients with surgically
resected breast cancer. AR expression was positive in 68.4% of patients, and AR positivity
was found to be an independent prognostic factor for longer RFS.
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INTRODUCTION

Breast cancer is the most common cancer in women worldwide, with 2.08 million cases
diagnosed annually [1]. It is also the second most common cancer in women in Korea,

with 21,747 new cases diagnosed in 2016 [2]. Estrogen receptor (ER)- and/or progesterone
receptor (PR)-positive breast cancer accounts for 60%-75% of all cases of breast cancer.

ER and/or PR are prognostic factors for better survival and are also predictive markers for
endocrine therapy in hormone receptor-positive breast cancer patients [3,4]. The survival

of hormone receptor-positive breast cancer patients varies [5], and detailed classification
using new prognostic biomarkers is required. Also, distinct subtypes of triple-negative breast
cancer (TNBC) were identified using a gene expression analysis. The luminal AR subtype,
which is characterized by androgen receptor (AR) signaling, is one of the subtypes with a
distinct prognosis and therapeutic target [6]. Approximately 50%—-80% of breast cancer cases
are AR-positive, both in hormone receptor-positive and -negative breast cancers [7,8]. Various
androgen agonists and antagonists are available and widely used in clinical practice. In this
context, AR could be a good candidate as a novel prognostic marker in breast cancer.

AR expression is reported to be more common in ER-positive tumors (up to 90%). However,
AR is also positive in 20%-40% of ER-negative tumors [9,10]. Additionally, AR expression is
more prevalent in primary tumors (79.9%-82.9%) than in metastatic lesions (60.2%-73.5%),
and its concordance rate of expression is 60.6%—-66.7% between primary and metastatic
cancer tissues [9]. The role of AR signaling in breast cancer differs in ER-positive and
-negative tumors. AR serves as a potential tumor suppressor in breast cancer cells from ER-
positive tumors. Cells with higher AR expression showed a greater anti-proliferative effect by
cell cycle arrest and interfered with ER-mediated transactivation of tumor cells. Conversely,
AR has a potential role as an oncogene in ER-negative breast cancer cells by dysregulating and
enhancing human epidermal growth factor receptor 2 (HER2) expression [11]. The role of
AR as a prognostic factor predicting survival in breast cancer has varied in previous reports.
Disparities across study results are mainly due to the heterogeneous composition of the
breast cancer subgroup as well as a lack of consensus regarding the AR cut-off point. From
the literature review by Ricciardelli et al. [10], who collated 53 previous reports regarding AR
and breast cancer outcomes, AR was found to be predictive of either overall survival (OS) or
relapse-free survival (RES), disease-free survival (DFS), and metastasis-free survival in 48%
of the studies. For ER-positive tumors, AR was reported to be a better prognostic marker

for breast cancer in 62% (5/8) of the studies (hazard ratio [HR] ranging from 0.22 to 0.65).
However, the role of AR in ER-negative tumors as a prognostic marker was seen to be more
controversial. The prognostic value of AR was reported to be significant in only 39% of the
studies. Furthermore, the role of AR expression was found to be beneficial in some studies
and harmful in others. There were several limitations to these previous studies. First, the
cut-off for AR positivity was arbitrary. In most of the studies, the cut-off points were 1% or
10% and were not enough to predict breast cancer survival. Moreover, more than 90% of the
studies were conducted in non-Asian regions. Most of the studies involving Asian patients
studied the prognostic role of AR in TNBC patients, with inconclusive results.

In this study, we investigated AR expression in all surgically resected breast cancer patients
during the study period so as to reflect the real proportion of AR positivity in Korean
patients. Furthermore, we investigated the prognostic role of AR expression for RFS in early
breast cancer and proposed the optimal cut-off point for AR positivity in these patients.
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METHODS

Study population

Between June 2012 and June 2013, a total of 1,127 breast cancer patients who underwent
surgery for breast cancer were screened. Patients without invasive cancer (n = 141, in situ
carcinoma only) or who were initially stage IV cancer (n = 29) and received palliative resection
were excluded from the analysis. Finally, 957 patients were enrolled in the study.

Detailed eligibility criteria were as follows: 1) pathologically confirmed invasive breast
carcinoma; 2) stage I-1II disease; 3) completely resected by surgery; 4) available pathological
data (including AR status); and 5) available follow-up data.

The study protocol was reviewed and approved by the Institutional Review Board (IRB) at
Seoul National University Hospital (IRB number 1910-134-1072). As the study was performed
as a retrospective medical record review and caused less than minimal harm to the subjects,
informed consent from each patients were waived. The recommendations of the Declaration
of Helsinki for biomedical research involving human subjects were also followed.

Clinicopathological data collection and breast cancer subtypes

Clinical characteristics (age at diagnosis, date of diagnosis, date of surgery, neo-/adjuvant
therapy, surgical stage, date of last visit, and date of relapse) and laboratory test results
(follicle-stimulating hormone, luteinizing hormone, and estradiol levels at diagnosis

for determining menopausal status) were obtained through a retrospective review of the
electronic medical record system. We also reviewed immunohistochemistry (IHC) data,
including ER, PR, HER2, Ki-67, and AR expression. IHC was performed as previously
described [12]. Anti-AR antibody (anti-AR; Thermo Scientific, Carlsbad, USA) and ITHC
examination were performed according to our hospital's routine protocols [13]. In cases of
HER2 IHC 2+, fluorescent in situ hybridization (FISH) was performed to determine HER2
positivity. Positivity thresholds for classification were ER > 1%, PR > 1%, HER2 = IHC 3+ (>
10% invasive tumor cells with intense and circumferential membrane staining), and/or FISH
positivity (HER2:CEP17 ratio > 2.0) [14]. The high Ki-67 threshold of > 14% was based on
work by Cheang et al. [15], in which 14% was found to best discriminate between luminal A
and B tumors. Since a consensus on the optimal cut-off point for AR expression has not yet
been established, we collected the data as an absolute value (percentage of positive cells).

Breast cancer was further classified into several groups according to molecular alterations
and cellular composition. The subtypes are closely associated with different breast cancer
outcomes. In this study, we classified breast cancer patients into 4 subgroups, luminal A,
luminal B, HER2-enriched, and TNBC groups, according to the definitions adopted by the
2013 St. Gallen Consensus Panel [16]. The definitions of the subgroups are as follows: 1)
luminal A: ER-positive, PR-positive, HER2-negative, and Ki-67-low. A PR cut-off of > 20%
was adopted from Prat et al. [17], which was found to be the best for distinguishing between
luminal A and luminal B types; 2) luminal B: ER-positive and HER2-positive, independent of
other parameters, or ER-positive, HER2-negative, and at least one of Ki-67-high, PR-negative,
or PR-low (< 20%); 3) HER2-enriched: ER and PR absent, with HER2 overexpressed or
amplified; 4) TNBC: ER-, PR-, and HER2-negative.
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Statistical analysis

To determine the optimal cut-off value for AR expression, we performed a receiver operating
characteristic (ROC) curve analysis. The optimal cut-off point for best predicting RFS was
determined using Youden's index (J), which maximized sensitivity and specificity. RES

was determined as the interval between the date of surgery or initiation of neoadjuvant
chemotherapy and the date when disease relapse or progression was first documented, or
the date of death from any cause. Local, regional, and distant relapse were all included as
disease relapse, while contralateral breast cancer was not regarded as a relapse. The Kaplan-
Meier method and the Cox proportional hazard regression model were used for the survival
analyses. Log-rank tests were used to compare RFS between different groups, according to
hormone receptor status and HER2 status. The hazard function is the instantaneous failure
rate at time, which is the probability of an event in the next small interval. Differences
between AR expression levels according to the clinicopathological characteristics were
examined using a one-way analysis of variance for the continuous variables (age and RFS)
and y? tests for the remaining variables. All statistical tests were 2-sided, with the level of
significance established at a p-value of < 0.05. Statistical analyses were performed using
SPSS version 21.0 (IBM, Armonk, USA). The ROC analysis and ROC curve comparison were
performed using MedCalc® version 19 (MedCalc Software Ltd., Ostend, Belgium).

RESULTS

Patient characteristics

A total of 957 patients with a median age of 50 years (range, 22—81 years) were analyzed in
this study, with a median follow-up duration of 62.0 months. At the data cut-off in July 2018,
101 patients (10.6%) had experienced relapse events. Fourteen patients (13.9%) had a loco-
regional relapse, and 87 (86.1%) experienced distant metastases. The median RFS was not
reached at that time.

The baseline characteristics of the 957 patients are described in Table 1. Five hundred and eleven
(53.4%) were pre-/peri-menopausal. Two-thirds of the patients (604, 63.1%) received breast-
conserving surgery, and the histology was predominantly invasive ductal carcinoma (88.4%).
Pathological stages I, II, and III accounted for 46.2%, 43.2%, and 10.2% patients, respectively.
One hundred and fifty-one patients (15.8%) received neoadjuvant chemotherapy, and 508
(53.1%) received adjuvant chemotherapy. Regarding the breast cancer subtypes, luminal A,
luminal B, HER2-positive, and TNBC types were 36.2%, 39.2%, 8.5%, and 16.2%, respectively.

AR expression in surgically resected patients

As a consensus on the best cut-off value for AR positivity has not been determined, we

first investigated AR expression against the continuous variables. The median value of AR
expression was 80% (range, 0%—95%; Figure 1). According to a literature review of previous
studies covering AR expression in breast cancer patients, 29 out of 44 (75%) of the studies
arbitrarily selected either 1% or 10% as the cut-off points for AR positivity [10]. From the
Cox regression analysis of RFS according to AR expression as a continuous variable, the

HR was 0.982 (95% confidence interval [CI], 0.976-0.988; p < 0.001). Therefore, we could
assume that with an increase in 1% of AR expression, the risk of RFS would fall by 1.8% (HR,
0.982) with a p-value of less than 0.001. We further intended to determine the optimal cut-off
point of AR expression in surgically resected breast cancer patients, which could predict the
oncological outcomes, in particular the relapse. We performed a ROC analysis to identify the
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Table 1. Patients' characteristics

Characteristic

Value (n = 957)

Sex (male:female)
Age, median (range)
Menopausal status (pre-menopause:post-menopause)
Surgery (mastectomy:BCS)
Histology (IDC/ILC/other)
Pathological stage
0
IA/IB
IA/IIB
IA/I1IB/IIC
Neoadjuvant chemotherapy
Adjuvant treatment
Chemotherapy
Radiation therapy
Hormonal therapy
Trastuzumab
Breast cancer subtypes
Luminal A
Luminal B (HER2-negative/-positive)
HER2-positive
Triple-negative

5 (0.5):952 (99.5)
50 (22-81)
511 (53.4):446 (46.6)
353 (36.9):604 (63.1)
846 (88.4)/48 (5.0)/63 (6.6)

4(0.4)*

435 (45.5)/7 (0.7)
289 (30.2)/124 (13.0)
66 (6.9)/1(0.1)/31 (3.2)
151 (15.8)

508 (53.1)
615 (64.3)

720 (99.8% of hormone receptor positive patients)
136 (90.1% of HER2-positive patients)

346 (36.2)
305 (31.9)/70 (7.3)
81(8.5)

155 (16.2)

Values are presented as number (%o).

BCS = breast-conserving surgery; IDC = invasive ductal carcinoma; ILC = invasive lobular carcinoma; HER2 =

human epidermal growth factor receptor 2.

*Pathologic complete response (ypTO/Tis ypNO) after neoadjuvant chemotherapy.

Distribution of AR expression levels

250~

200

150 +

100 +

No. of patients

50

T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
AR expression (%)
Figure 1. AR expression distribution. Histogram showed AR expression levels and their distribution in surgically

resected breast cancer patients. Median value of AR expression was 80% (range, 0-95).
AR = androgen receptor.

best cut-off point, and the area under the ROC curve (AUC) was 0.698 (95% CI, 0.667-0.727;
p<0.001) (Supplementary Figure 1). Youden's index was highest at the AR of 35% (J = 0.3221;
95% CI, 0.2146-0.3979) with a sensitivity of 60.4% and specificity of 71.8%. Meanwhile, with
the cut-off criterion 1% and 10%, the sensitivity and specificity for relapse were 31.7%/89.0%
and 47.6%/81.4%, respectively. ROC curves of each of the cut-off points were compared. The
graph with the 35% cut-off point had a larger AUC (0.661; 95% CI, 0.630-0.691) than the
other traditionally used cut-off points (AUC of cut-off 1% 0.603 with 95% CI, 0.572—0.635
and AUC of cut-off 10% 0.651, with 95% CI, 0.620-0.682) (Supplementary Figure 2). Thus,
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we selected 35% as the optimal cut-off point for AR expression and defined AR-positive as AR
expression of > 35% in tumor cells. The number of AR-positive patients was 830 (86.8%), 770
(80.6%), and 654 (68.4%) at the cut-off values of 1%, 10%, and 35%, respectively (Table 2).
Consistent with previous reports, the number of AR-positive patients was much higher
(577/721, 80.0%) among hormone receptor-positive patients compared with hormone
receptor-negative patients (77/236, 32.6%). The absolute value of AR expression was higher
(median, 85; range, 0-95; mean, 69.37 + 30.751) in hormone receptor-positive patients than
in hormone receptor-negative patients (median, 3.0; range, 0-95; mean, 28.21 + 36.723).
Also, AR positivity differed according to breast cancer subtype (Figure 2). AR-positivity was
more common in luminal A (87.6%) and luminal B types (71.5% and 80.0% luminal B HER2-
negative and -positive patients), while much less common in HER2-positive (56.2%) and
TNBC types (20.6%).

AR expression and clinical outcomes of patients

AR positivity (= 35%) was significantly related to a low proliferation index (Ki-67 < 14%,
p<0.001). Conversely, AR < 35% was more common at an advanced pathological stage,
with 25%, 26.1%, 35.6%, and 39.8% in stage 0, [, II, and III, respectively. AR expression of
> 35% was significantly associated with longer RFS in the overall patient population using
the Kaplan-Meier analysis (log-rank p < 0.001, Figure 3). AR positivity at the cut-off point
0f 1% and 10% were also associated with a longer RFS in the Kaplan-Meier analyses (both
with log-rank p < 0.001, Supplementary Figure 3). However, as the cut-off point of 35% was
found to have the highest Youden's index, we selected 35% as the cut-off value for further
analysis. From the univariate analysis with Cox regression, AR positivity (> 35%) reduced
relapse risk by 74.6% (HR, 0.254; 95% CI, 0.164—0.394). The relationship between AR
expression and RFS according to the hormone receptor and HER2 status was also analyzed
(Figure 4). AR positivity (> 35%) was significantly related to longer RFS in hormone receptor-
positive (log-rank p < 0.001, Figure 4A) and HER2-negative (log-rank p < 0.001, Figure 4B)

Table 2. Androgen receptor expression distribution and positive patients according to the various cut-off values
Cut-off values 1% 10% 35%

<1 >1 <10 >10 <35 >35
No. (%) 126 (13.2) 830 (86.8) 186 (19.4) 770 (80.6) 302 (31.6) 654 (68.4)

AR <35% m AR 235%

56.2
7.5
80.0
79.4
43.8
28.5
20.0

T T T 1
Luminal A Luminal B Luminal B HER2-positive Triple-negative
(HER2-negative) (HER2-positive)

100

80

60

%

40-

20

12.4
0 .

Figure 2. AR expression according to breast cancer subtype. AR positivity differed in breast cancer subtypes. AR
positivity was more common in luminal subtypes than in HER2-positive or triple-negative breast cancer types.
AR = androgen receptor; HER2 = human epidermal growth factor receptor 2.
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Figure 3. AR expression and RFS in the overall patient population. AR positivity (expression level > 35%) was
significantly associated with longer RFS in the overall population of surgically resected breast cancer patients by
the Kaplan-Meier method (log-rank p < 0.001). From the univariate analysis by Cox regression, the HR for RFS was
0.254 (95% Cl, 0.164-0.394) in AR-positive patients.

AR = androgen receptor; RFS = relapse-free survival; HR = hazard ratio; CI = confidence interval.
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Figure 4. AR expression and RFS according to hormone receptor and HER2 status. AR positivity was significantly associated with longer RFS in hormone receptor-
positive breast cancer (n = 721) (A) and HER2-negative tumors (n = 806) (B) (both log-rank p < 0.007). In hormone receptor-negative (n = 236) and HER2-positive
(n =151) patients, AR positivity tended to show a longer RFS, but this was not statistically significant (log-rank p = 0.074 and p = 0.205, respectively).

AR = androgen receptor; RFS = relapse-free survival; HER2 = human epidermal growth factor receptor 2.

https://ejbc.kr

patients. Meanwhile, AR-positive patients showed a trend of longer survival, but this was not
statistically significant in hormone receptor-negative or HER2-positive patients (log-rank p =
0.074 and p = 0.205, respectively).

Univariate and multivariate analyses for RFS

We performed univariate and multivariate Cox proportional hazard regression analyses

of multiple clinicopathological variables and RFS (Table 3). Age (< 40 vs. 2 40 years), ER
and/or PR status (positive vs. negative), AR positivity (> 35% vs. < 35%), and pathological
stage (stage I, Il vs. O, I) were significantly associated with RFS in both the univariate and
multivariate analyses. AR > 35% significantly reduced relapse risk by 57% (HR, 0.430; 95%
CI, 0.260-0.709; p= 0.001) in the multivariate analysis. Therefore, we assumed that AR
positivity was associated with longer RES irrespective of other clinicopathological factors,
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Table 3. Univariate and multivariate analyses for relapse-free survival

Variables Univariate analysis Multivariate analysis
HR 95% Cl p-value HR 95% Cl p-value

Age (<40 yr) 2.393 1.494-3.834 <0.001 2.796 1.510-5.177 0.001
Menopausal status (premenopausal) 0.827 0.542-1.263 0.379 0.591 0.552-1.630 0.063
ER and/or PR (positive) 0.309 0.202-0.417 <0.001 0.489 0.297-0.804 0.005
HER2 (positive) 1.424 0.847-2.395 0.183 0.949 0.552-1.630 0.849
AR (2 35%) 0.254 0.164-0.394 <0.001 0.430 0.260-0.709 0.001
P stage (II, II) 6.225 3.305-11.723 <0.001 5.397 2.859-10.189 <0.001
Breast cancer subtypes <0.001 - - -

Luminal A 0.097 0.045-0.211 <0.001

Luminal B (HER2-) 0.391 0.235-0.650 <0.001

Luminal B (HER2+) 0.468 0.224-1.055 0.068

HER2-positive

TNBC

0.550 0.270-1.119 0.099
1.000 - -

HR = hazard ratio; Cl = confidence interval; ER = estrogen receptor; PR = progesterone receptor; AR = androgen receptor; HER2 = human epidermal growth factor
receptor 2; TNBC = triple-negative breast cancer.
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especially hormone receptor positivity and pathological stage, which are well established
prognostic markers.

DISCUSSION

Breast cancer is not a single disease, but rather refers to a variety of disease entities with
various biological, pathological, and clinical features. Significant efforts have been made to
precisely classify the breast cancer subgroups as this is considered crucial for determining
treatment strategies and prognostic significance. With the advance of high-throughput

gene expression analysis, breast cancer intrinsic subtypes have been widely studied and

have found to be associated with distinct clinical outcomes. Five distinct subtypes of breast
cancer were identified from gene expression profiles, luminal A, luminal B, HER2 over-
expressed, basal, and normal-like tumors. Breast cancer outcomes such as RFS and OS of the
subtypes were found to be significantly different [18-22]. As obtaining the gene expression
profile from array data is not always feasible, subtype determination by clinicopathological
factors using ER, PR, HER2, and Ki-67 immunohistostaining was introduced [15]. Further
studies have shown that determining subtypes using clinicopathological criteria could result
in a convenient and straightforward approximation of breast cancer intrinsic subtypes,

and help to predict different prognoses among them [15,23,24]. However, the current
clinicopathological subtype of breast cancer has limitations in that there are still a number of
patients in the same subgroup that have different outcomes. Therefore, additional prognostic
factors are required.

Approximately 55%-90% of breast cancers are positive for AR, and its expression level varies
according to the breast cancer subtype [7,8]. AR expression is quite common in breast cancer,
and AR expression levels in the tumor tissue can be determined simply with IHC. Therefore,
AR could play a role in predicting breast cancer prognosis in addition to the current
clinicopathological examinations.

The role of AR as a prognostic factor in breast cancer had been widely studied but is still
inconclusive. Disparities across study results are mainly due to a lack of consensus regarding
the AR cut-off point. Most of the studies arbitrarily used 1% or 10% as the cut-off point,
which were not enough to predict breast cancer survival [10]. For example, most studies
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that adopted 10% as an AR cut-off point only performed a univariate analysis for DFS or OS

and consequently could not conclude whether the role of AR expression is an independent
prognostic factor for breast cancer survival [25,26]. Even studies that performed both univariate
and multivariate analyses for DFS and/or OS with AR expression targeted only a limited subset
of patients and provided conflicting results of the effect of AR expression on breast cancer
survival [27-29]. Additionally, most of the studies selected those commonly used AR cut-off
points, which had not demonstrated the whole distribution of AR expression previously. The
other limitation of the previous reports was that most of the studies were performed in only a
small subgroup of the patients, and only a few studies included an Asian population.

In this study, we retrospectively reviewed AR expression status in surgically resected breast
cancer patients. AR was revealed to be a prognostic marker for RFS or OS in several studies,
but the optimal cut-off value was not determined. We performed a ROC analysis and used
Youden's index to determine a cut-off value of 35% to best predict RFS with adequate
sensitivity and specificity. AR positivity (> 35%) was identified in 68.4% of all patients and
was more common in hormone receptor-positive patients, 87.5% in luminal A type and
71.5%, and 80.0% in luminal B HER2-negative and -positive patients, respectively. In HER2-
positive and TNBC patients, AR positivity was lower at 56.2% and 20.6%, respectively. High
AR expression was related to favorable clinical features, lower pathological stage (0, I), and
lower Ki-67 index. Using the Cox regression, AR positivity at the cut-off value of 35% was
found to be an independent prognostic factor for RFS in surgically resected patients (HR,
0.430; 95% CI, 0.260-0.709; p = 0.001). We confirmed that a significant proportion of the
surgically resected breast cancer patients were AR-positive. High AR expression was found to
be an independent prognostic factor of RFS.

However, our study has several limitations. Due to the rather short follow-up time for early
breast cancer patients, we could not confirm the prognostic effect of AR expression on OS.
Further follow up studies are needed to confirm the prognostic role of AR and the adequacy
of the cut-off value of 35% for OS. Another limitation is that we analyzed AR expression in
curatively resected breast cancer patients. Thus, AR expression level in stage IV metastatic
breast cancer was not reviewed, and the prognostic role of AR expression in advanced breast
cancer was not examined in this study. Finally, we determined the cut-off of 35% to be the
best prognostic value for RFS, but there was no data to confirm whether we could use the
same value as a predictive marker to select patients for AR inhibitor treatment. To determine
the predictive value of AR expression, further prospective clinical trials with AR inhibitors
are necessary. Nevertheless, this is the first large-scale study to analyze AR expression in
surgically resected breast cancer patients in all subtypes of patients, including both ER-
positive and -negative patients in Asia, with Korean patients. Furthermore, unlike the
previous studies that used arbitrary cut-off values of 1% or 10% for AR positivity, we used the
ROC analysis method to determine a value that maximized the sensitivity and specificity to
predict breast cancer relapse after surgery and proposed a cut-off value of 35%.

In conclusion, AR expression (= 35%) in breast cancer patients was observed in 68.4% of
surgically resected patients. Elevated AR was found to be an independent predictor of longer
RFS (HR, 0.430; p = 0.001), irrespective of other well-known clinical factors including age,
pathological stage, and hormone receptor positivity. AR positivity can be easily tested using
conventional IHC methods and is quite commonly observed in breast cancer. Therefore,
testing AR with other clinicopathological factors might be helpful to further define the
outcomes of surgically resected breast cancer patients.
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SUPPLEMENTARY MATERIALS

Supplementary Figure 1
ROC curve analysis of androgen receptor expression and breast cancer relapse. ROC analysis
in the overall population showed an AUC of 0.698 (95% CI, 0.667-0.727, p < 0.001).

Click here to view

Supplementary Figure 2

Comparison of multiple ROC curve and AUC according to the variable AR cut-off points.
Multiple ROC curves were plotted by the AR cut-off value at 1%, 10% and 35%, respectively.
Their AUC values were 0.603 (95% CI, 0.872-0.635), 0.651 (95% CI, 0.620-0.682) and 0.661
(95% CI, 0.630-0.691), respectively.

Click here to view

Supplementary Figure 3

AR expression and RFS according to the variable AR cut-off points. AR positivity was also
associated with an increased RFS using 1% and 10% as cut-off points. (A) AR expression of
> 1% was associated with longer RFS (log rank p < 0.001) with HR of 0.173 (95% CI, 0.087-
0.341). (B) AR expression of > 10% was associated with longer RFS (log rank p < 0.001) with
HR 0f0.130 (95% CI, 0.073-0.230).

Click here to view
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