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Abstract The aim of this study is to analyze the prog-

nostic value of androgen receptor (AR) expression for

patients with triple-negative breast cancer (TNBC). Clinical

data of these patients were collected and analyzed, and

immunohistochemical staining for AR was performed on

tissue microarrays of operable breast cancer from 287

patients with TNBC, who were treated at Sun Yat-sen

University Cancer Center from January 1995 to December

2008. AR expression was found in 25.8% of the cases with

TNBC. TNBC patients with AR negative have a higher

proportion of positive lymph node. A significant correlation

was found between AR expression and disease-free survival

(DFS) and overall survival (OS). Univariated analysis

indicated that AR expression had a significant prognostic

value in TNBC patients, whereas multivariate analysis

indicated that AR was a significant independent prognostic

factor of DFS (P = 0.032) in all patients. Our results sug-

gested that AR was a favorable prognostic factor of DFS

and OS in patients with TNBC. Therefore, TNBC may be

further divided into two subtypes according to AR status.
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Introduction

Triple-negative breast cancers (TNBC) are characterized

by the lack of expression of estrogen receptor (ER), pro-

gesterone receptor (PR), and human epidermal growth

factor receptor 2 (HER2/neu). TNBC accounts for about

15–20% of all breast cancers [1–4]. It is associated with

poor overall prognosis, a high probability of early relapse

after diagnosis, and increased risk of death after relapse.

These clinical characteristics represent a major challenge

for physicians in optimizing patient management [5–8].

TNBC have not benefited from anti-HER2 drugs or the

endocrine treatment. However, several pathways of interest

are being studied. One of the areas is the role of the

androgen receptor (AR).

AR, a member of the steroid hormone receptor family, is

expressed in more than 70% of breast cancers and has been

implicated in breast cancer pathogenesis [9, 10]. Emerging

evidence demonstrates that women with high androgen

levels have a increased risk of breast cancer [11], androgen

can stimulate growth in AR(?)/ER(-) cell, and this pro-

liferative effect was abrogated by the addition of the

AR antagonist [12]. These findings suggest a connection

between androgens and breast carcinogenesis, and AR may

serve as a therapeutic target for triple-negative breast

cancers. Also, recent retrospective studies suggested that

AR status was a significant prognostic marker of breast

cancer [13, 14].
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Despite the prevalence of AR expression in breast can-

cer, the prognostic values of AR expression in TNBC are

less well characterized. The purposes of this study were to

evaluate the expression of AR in TNBC and to demonstrate

the correlation with prognosis of patients with TNBC.

Materials and methods

Patients and tissues

This retrospective study comprised 287 female patients

with TNBC diagnosed without any evidence of distant

metastasis at the time of surgery between 1995 and 2008 at

Sun Yat-sen University Cancer Center. Tissue samples

were obtained from the patients through curative surgical

resection. All specimens were formalin-fixed, paraffin-

embedded. Clinical data, including patient age at diagnosis,

menstrual status, tumor size, lymph node status, pathologic

stage, treatment (surgery, chemotherapy, and radiother-

apy), tumor recurrence, and follow-up status, were retro-

spectively obtained from hospital medical records. The

data analysis was approved by our cancer center review

board.

Tissue microarray

Tissue microarrays were constructed as described previ-

ously [15]. Briefly, 287 formalin-fixed, paraffin-embedded

tissue blocks containing breast cancer specimens were

retrieved from the archives of the Department of Pathol-

ogy. Representative areas of each invasive carcinoma were

identified on the corresponding slides stained with hema-

toxylin and eosin. Tissue cylinders with 1 mm diameter

were punched from each donor tissue block and entered

into a recipient paraffin block using a tissue microarrayer.

The recipient paraffin block was subsequently cut, and the

slices were transferred with adhesive tape onto coated

slides. Then, the slides were dipped in paraffin to prevent

oxidation. Each sample was arrayed in triplicate to mini-

mize tissue loss and to overcome tumor heterogeneity.

Immunohistochemistry

Tissue microarray sections were immunohistochemically

stained for AR. Briefly, tissue microarray slides generated

from the paraffin-embedded tissue blocks were deparaffi-

nized and rehydrated for 5 min. After microwave pre-

treatment in citrate buffer (pH 6.0) for antigen retrieval, the

slides were immersed in 0.3% (vol/vol) hydrogen peroxide

for 20 min to block endogenous peroxidase activity. The

slides were then washed and incubated overnight at 4�C

with primary antibodies against AR (1:500 dilution;

DAKO). After a second incubation with biotinylated anti-

goat antibodies, the slides were incubated with peroxidase-

labeled streptavidin. The reaction products were visualized

by immersing the slides in diaminobenzidine tetrachloride

and counterstaining with Harris hematoxylin. Staining for

AR was considered positive only if a minimum of 5% of

definite tumor cells show positive reaction.

Statistical analysis

Statistical analysis was performed using SPSS16.0 soft-

ware. Chi-square test was used to investigate the signifi-

cance of the relationship between AR and the individual

variables. The relationship between AR expression and the

clinical outcomes was estimated through both univariate

and multivariate analyses. The disease-free survival (DFS)

and overall survival (OS) curves were estimated using the

Kaplan–Meier method, and the differences in the survival

curves were compared using the log-rank test. A multi-

variate analysis was performed using Cox’s regression

model. The P values B0.05 denote statistical significance.

Fig. 1 Representative immunohistochemical staining results for AR

(9 100). a AR positive; b AR negative
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Results

Patient and tumor characteristics

A total of 287 TNBC patients were grouped according to

their AR status (positive or negative). Among the 287

tumor specimens, 74 (25.8%) were AR positive (Fig. 1).

The association of AR expression with various clinico-

pathological parameters is listed in Table 1. When com-

pared with TNBC patients with AR positive, patients with

AR negative have a higher proportion of positive lymph

node. The other clinicopathologic parameters, including

tumor size, pathologic stage, histopathology, adjuvant

chemotherapy, and adjuvant radiotherapy, were not sig-

nificantly different between the two groups (Table 1).

Survival

As of December 2009, the median follow-up time was

72 months (range, 8–182 months). Of all 287 patients, 67

relapsed and 48 died. The five-year DFS and OS of all patients

were 84.9 and 87.8%, respectively. When the patients were

stratified in terms of AR status, the five-year DFS for

AR-positive and AR-negative patients were 87.0 and 74.2%,

respectively. The overall survival rates of AR-positive and

AR-negative patients were 94.2 and 82.3%, respectively.

AR-positive patients had a significant longer DFS (HR =

0.40, P = 0.008) and OS (HR = 0.34, P = 0.011, data not

shown) than those of AR-negative patients (Fig. 2, Table 2).

Univariate analysis and multivariate analysis

Statistically significant predictors of DFS within the uni-

variate analysis are listed in Table 2. Positive lymph nodes,

Fig. 2 Disease-free survival (a) and overall survival (b) curves

according to AR status

Table 1 Clinicopathologic characteristics of patients according to

AR status

Characteristics AR negative AR positive P value

No. % No. %

Number 213 74.2 74 25.8 –

Age, years

B40 44 20.7 15 20.3 1.000

[40 169 79.3 59 79.7

Tumor size, cm

B2 51 23.9 16 21.6 0.751

[2 162 76.1 58 78.4

Node status

Negative 98 46.0 48 64.9 0.007

Positive 115 54.0 26 35.1

Number of positive nodes

1–3 54 47.0 15 57.7 0.387

C4 61 53.0 11 42.3

Stage

I/II 147 69.0 60 81.1 0.051

III 66 31.0 14 18.9

Differential grade

I 5 2.3 5 6.8 0.061

II 43 20.2 9 12.2

III 40 18.8 9 12.2

Unknown 125 58.7 51 68.9

Primary surgery

Mastectomy 209 98.1 73 98.6 0.783

Breast conservation surgery 4 1.9 1 1.4

Adjuvant chemotherapy

Do 203 95.3 69 93.2 0.546

Undo 10 4.7 5 6.8

Adjuvant radiotherapy

Do 50 23.5 12 16.2 0.251

Undo 163 76.5 62 83.8
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higher stage, and positive AR were correlated with longer

DFS. The patients with tumor cells positive for AR

expression had significantly better outcomes in terms of

DFS (P \ 0.001) than patients with negative AR expres-

sion. In the multivariate analysis, positive AR remained a

significant predictor of DFS when entered into a model

containing all clinicopathologic variables (P = 0.032)

(Table 2).

Discussion

AR and its ligand androgens may have some essential role

in breast cancer, but the prognostic value of AR expression

has not been well characterized. TNBC is characterized by

an aggressive clinical history and overall poor prognosis,

and there being no effective therapy represents one of the

main reasons. However, several pathways of interest are

being studied. One of the areas is the role of the androgen

receptor (AR).

Our results demonstrated that the positive rate of AR

was 25.8% in TNBC. The result confirmed previous studies

indicating that AR expression in ER-negative breast can-

cers was lower than that in ER-positive breast cancers, in

which AR expression exceeded 70% [9, 10].

When compared with TNBC patients with AR positive,

patients with AR negative have a higher proportion of

positive lymph node. This could become one of the reasons

for poor prognosis in AR-negative patients. Our data

demonstrated that AR expression was significantly asso-

ciated with a longer DFS and OS. Other authors have also

found that AR-negative TNBC patients have a trend toward

a shorter DFS and OS than those patients with AR-positive

tumors [14].

Our results showed that AR expression was a favorable

prognostic factor of DFS and OS. Multivariate analysis

indicated a significant relationship between AR expression

and DFS or OS. TNBC patients with AR positive had a

significantly decreased recurrence and death risk. These

results could suggest that AR-positive tumor cells have a

low biological aggressiveness.

In conclusion, our study indicated that TNBC may be

further divided into two subtypes according to AR status.

AR expression may be a favorable predictor of TNBC

patient outcomes. AR-targeted therapy will become pos-

sible to improve survival for patients with TNBC.
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