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INTRODUCTION

Breast cancer is the most common malignancy among 
women in the world and the third leading cause of death after 
lung and colorectal cancer in United States [1,2]. It is a very 
heterogeneous disease, which shows diverse therapeutic re-
sponse and clinical outcomes according to hormonal receptor 
(HR) status, lymph node status, molecular subtype, cancer 
stem cell marker status, and other factors [3-5]. Traditionally, 
HR status, especially the estrogen receptor (ER) and proges-
terone receptor (PR), is a very well-known factor associated 
with clinical outcomes in breast cancer patients [6,7]. These 
two receptors are extremely important to establish therapeutic 
strategies, predict the prognosis, and assess the biology of the 

tumor [8,9]. 
Recently, the androgen receptor (AR), which is a member of 

the steroid superfamily, has emerged as a prognostic factor 
[10,11]. This receptor has two cysteine zinc finger motifs and a 
C-terminal extension-rich DNA binding domain, which is 
pivotal for AR-specific DNA binding [11]. AR agonists, such 
as testosterone and 5-α dihydrotestosterone, induce dimeriza-
tion through the interaction between the N-terminal and C-
terminal [11]. The AR is stabilized through this process [11]. 
In addition, the AR could also be activated by growth factors 
instead of testosterone [12]. Furthermore, in women, adrenal 
and ovarian androgens are sources of pre- and postmenopaus-
al estrogens by converting into estradiol-17 [12]. In this way, 
the AR is thought to be involved in the pathogenesis of breast 
cancer. However, the clinical importance of the AR is not well 
established, and its significance as an independent predictor of 
clinical outcome remains controversial.

Therefore, we performed a meta-analysis to compare the 
proportion of patients with disease-free survival (DFS) and 
overall survival (OS) between AR expression and no AR ex-

Influence of Androgen Receptor Expression on the Survival Outcomes in 
Breast Cancer: A Meta-Analysis

Yoonseok Kim, Eunae Jae1, Myunghee Yoon
Department of Surgery, Kosin University Gospel Hospital, Busan; 1Department of Obstetrics and Gynecology, Mirae Woman’s Hospital, Busan, Korea

ORIGINAL ARTICLE

J Breast Cancer 2015 June; 18(2): 134-142� http://dx.doi.org/10.4048/jbc.2015.18.2.134

Purpose: Despite the fact that the androgen receptor (AR) is 
known to be involved in the pathogenesis of breast cancer, its 
prognostic effect remains controversial. In this meta-analysis, 
we explored AR expression and its impact on survival outcomes 
in breast cancer. Methods: We searched PubMed, EMBASE, 
Cochrane Library, ScienceDirect, SpringerLink, and Ovid databas-
es and references of articles to identify studies reporting data until 
December 2013. Disease-free survival (DFS) and overall survival 
(OS) were analyzed by extracting the number of patients with re-
currence and survival according to AR expression. Results: There 
were 16 articles that met the criteria for inclusion in our meta
analysis. DFS and OS were significantly longer in patients with 
AR expression compared with patients without AR expression 
(odds ratio [OR], 0.60; 95% confidence interval [CI], 0.40–0.90; 
OR, 0.53; 95% CI, 0.38–0.73, respectively). In addition, hormone 
receptor (HR) positive patients had a longer DFS when AR was 

also expressed (OR, 0.63; 95% CI, 0.41–0.98). For patients with 
triple negative breast cancer (TNBC), AR expression was also 
associated with longer DFS and OS (OR, 0.44, 95% CI, 0.26–0.75; 
OR, 0.26, 95% CI, 0.12–0.55, respectively). Furthermore, AR ex-
pression was associated with a longer DFS and OS in women 
(OR, 0.42, 95% CI, 0.27–0.64; OR, 0.47, 95% CI, 0.38–0.59, 
respectively). However, in men, AR expression was associated 
with a worse DFS (OR, 6.00; 95% CI, 1.46–24.73). Conclusion: 
Expression of AR in breast cancer might be associated with bet-
ter survival outcomes, especially in patients with HR-positive 
tumors and TNBC, and women. Based on this meta-analysis, we 
propose that AR expression might be related to prognostic fea-
tures and contribute to clinical outcomes.

Key Words: Androgen receptors, Breast neoplasms, Disease-free survival, 
Mortality

Correspondence to:  Myunghee Yoon
Department of Surgery, Kosin University Gospel Hospital, 262 Gamcheon-ro, 
Seo-gu, Busan 602-702, Korea
Tel: +82-51-990-6462, Fax: +82-51-246-6093
E-mail: mammomaster@naver.com

Received: January 12, 2015  Accepted: April 15, 2015

Journal of
        Breast
Cancer

http://crossmark.crossref.org/dialog/?doi=10.4048/jbc.2015.18.2.134&domain=pdf&date_stamp=2015-06-26


Androgen Receptor and Survival Outcomes in Breast Cancer 135

http://dx.doi.org/10.4048/jbc.2015.18.2.134� http://ejbc.kr

pression in breast cancer to assess its prognostic role.

METHODS

Search methods for identification of studies
To evaluate the impact of AR expression on breast cancer 

survival, we searched PubMed, EMBASE, Cochrane Library, 
ScienceDirect, SpringerLink, and Ovid databases from incep-
tion to December 2013. The searched keywords were “breast 
cancer AND androgen receptor.” In addition, the authors 
checked every reference of the articles.

Criteria for the selection of studies
The investigators independently reviewed every searched 

article and determined whether the articles were suitable ac-
cording the following inclusion criteria: original article, re-
ports that showed the survival outcomes after primary sur-
gery, studies without neoadjuvant anticancer therapy, research 
without preoperative metastasis of breast cancer at any site, 
histologically verified expression of AR, number of patients 
with DFS or OS was presented according to the expression of 
AR, and publication in English. Review articles, editorial let-
ters, case reports, animal testing research papers, poster pre-
sentations, duplicated articles, and non-English articles were 
excluded. If there was disagreement about the selection of 
studies among investigators, this was discussed until a con-
sensus was reached. 

Endpoint and definitions
The endpoint of this study was to evaluate the effect of AR 

expression on DFS and OS outcomes. DFS was defined as the 
length of time between the primary surgery and recurrence. 
OS was defined as the length of time between the primary 
surgery and date of death.

Statistical analysis
Cochran’s Q and I2 statistics were used to assess the hetero-

geneity of the included studies. Statistical heterogeneity was 
suggested when the p-value was less than 0.1 [13]. In addition, 
the I2 index was used to classify heterogeneity into three 
groups (< 25%: low, 25%–75%: moderate, > 75%: high) [14]. 
If heterogeneity existed, the DerSimonian and Laird random 
effects model was used to account for variation within studies. 
Additionally, the Mantel-Haenszel fixed effects model was ap-
plied when the p-value was more than 0.1. The odds ratio 
(OR) with 95% confidence interval (CI) was estimated to 
present the relative frequency of death or recurrence between 
AR positive and negative breast cancers. The authors per-
formed sensitivity analysis to assess the impact that changes in 

a certain parameter would have on the results of this meta-
analysis.

Every statistical analysis was done by using Review Manag-
er 5.3 (The Cochrane Collaboration, The Nordic Cochrane 
Centre, Copenhagen, Denmark). p-values less than 0.05 were 
considered statistically significant. 

RESULTS

Results of the search
Figure 1 shows the flow chart of this meta-analysis. A total 

of 2,674 articles were found by using the keywords described 
above. Finally, 16 articles were selected and analyzed. Dupli-
cated articles were judged based on the authors, titles, and 
contents. The characteristics of the studies included in the fi-
nal analysis are shown in Table 1 [15-30]. 

Publication bias
To evaluate publication bias, we analyzed funnel plots of 

DFS and OS. The funnel plots showed symmetrical scatter 
plots, indicating no publication bias (Figure 2).

Study heterogeneity and survival outcomes according to AR 
expression

Figure 3 shows study heterogeneity and survival outcomes 
according to AR expression. A total of 12 and 14 articles re-
ported data for DFS and OS, respectively. In the analysis of 
DFS, the included studies were highly heterogeneous (p <  
0.001, I2 index= 76%), and in the analysis of OS, the studies 
showed moderate heterogeneity (p= 0.002, I2 index= 60%). In 
cases of tumors with AR expression, DFS was significantly 
longer compared with tumors without AR expression (OR, 
0.60; 95% CI, 0.40–0.90; p = 0.010). Similarly, OS was im-

2,674 Potentially relevant articles

50 Articles for full text reading

16 Finally included articles

2,624 Articles excluded on the 
   bases of the inclusion and 
   exclusion criteria after reading 
   the titles and abstracts

34 Articles excluded as follows:

22 Duplicated articles
10 Uncalculable survival outcomes
  1 Neoadjuvant therapy
  1 �No dichotomization by AR 

expression

Figure 1. Flow diagram of included studies. 
AR=androgen receptor. 
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Table 1. Characteristics of the included studies

Author Country (yr)
No. of 

patients
Median age 
yr (range)

Gender
Median follow-up 

mo (range)
Subtype

AR 
assessment

Definition of AR+

Agoff [15] USA (2003) 78 54.9* (26–91) Women 25* ER (–) IHC > 5% staining 
   of tumor cells

Luo [16] China (2010) 269 49 (25–80) Women – TNBC
Non-TNBC

IHC IHC score† ≥2

Micello [17] Italy (2010) 226 58.7* (24–97) – 116.4 (83–173) ER and PR (–) 
and HER2 (+)

IHC ≥ 10% nuclear 
   staining

Peters [18] USA (2009) 215 – – – Not related‡ IHC ≥75% nuclear 
   staining

Hu [19] USA (2011) 1,467 61 (30–55) Women 168 Not related‡ IHC ≥1% nuclear 
   staining

Kuenen-
Boumeester [20]

The Netherlands 
(1996)

153 55*(29–88) Women 46 (12–73) Not related‡ IHC ≥0% staining 
   of tumor cells

Yu [21] China (2011) 327 52.5* – 66 Luminal A, B 
HER2 (+)
Basal like 
Normal like

IHC Allred score§

   ≥3

Castellano [22] 3 Countriesll

(2010)
859 – – 82 ER (+) IHC ≥1% staining 

   of tumor cells

Peters [23] Australia (2012) 73 54*(30–94) – – – IHC ≥10% nuclear 
   staining

Agrawal [24] Poland (2008) 488 54.3* (32–79) Women – Not related‡ IHC Not described

Collett [25] Norway (1996) 269 – Women – Not related‡ RIA ≥43 fmol/mg

Gonzalez-
Angulo [26]

USA (2009) 347 59 (23–89) – 50.4 (9.6–110.4) TNBC 
ER and/or PR (+), 
HER2 (–) 
HER2 (+)

RPLM Above median 
   expression

He [28] Poland (2003) 43 65 (29–85) Men 48 (3–130) Not related‡ IHC ≥10% staining 
   of tumor cells

Kwiatkowska [27] China (2011) 287 – Women 72 (8–182) TNBC IHC ≥5% staining 
   of tumor cells

Søreide [29] Noway (1992) 224 60.5 (21–89) Women – Not related‡ RIA >50.5 pmol/g 
   protein

Qu [30] China (2013) 109 58±13¶ – 74.4 Not related‡ IHC >1% nuclear 
   staining

AR=androgen receptor; ER=estrogen receptor; IHC= immunohistochemistry; TNBC=triple-negative breast cancer; PR=progesterone receptor; HER2=human 
epidermal growth factor receptor 2; RIA=radioimmunoassay; RPLM=reverse-phase protein lysate microarray.
*Mean value; †(score of staining intensity)× (score of percentage of positive cells); ‡Regardless of subtypes; §(score of staining intensity)+(score of percentage of 
positive cells); llAustralia, Italy, and Switzerland; ¶Mean±SD.

Figure 2. Funnel plots of (A) disease-free survival and (B) overall survival of the included studies. The funnel plots showed symmetricity which proposed 
no publication bias. 
SE=standard error; OR=odds ratio. 
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proved in tumors with AR expression compared without AR 
expression (OR, 0.53; 95% CI, 0.38–0.73; p< 0.001).

Relationship between AR expression and survival outcomes 
according to hormone receptor expression

The survival outcomes between tumors with AR expression 
and those without AR expression stratified according to HR 
expression are shown in Figure 4. We dichotomized the hor-
monal receptor status into HR positive (ER+ or PR+) and 
negative (ER– and PR–). A total of seven articles reported data 
for HR status. In patients with HR-positive tumors, those with 
AR expression had a significantly longer DFS (OR, 0.63; 95% 
CI, 0.41–0.98; p= 0.040). In the analysis of OS, however, the 
data showed no significant differences (OR, 0.53; 95% CI, 
0.23–1.24; p= 0.140). Similarly, in cases of HR-negative tu-
mors, DFS showed no significant survival differences regard-
less of AR expression (OR, 0.89; 95% CI, 0.39–2.03; p= 0.790). 
However, in the analysis of OS, AR expression was associated 
with worse survival outcomes compared with patients with-
out AR expression (OR, 1.43; 95% CI, 1.02–2.01; p= 0.040). 

Survival association between AR expression and molecular 
subtype

Figure 5 shows the survival association between AR expres-
sion and molecular subtype. We dichotomized the molecular 
subtypes into triple-negative breast cancer (TNBC) and non-
TNBC. Among all studies, articles were only included in this 
analysis if the article showed the status of all three receptors 
(i.e., ER, PR, and human epidermal growth factor receptor 2 
[HER2]). A total of five studies reported data for molecular 
subtypes. With regard to TNBC, AR expression was associat-
ed with a significantly longer DFS and OS (OR, 0.44, 95% CI, 
0.26–0.75, p = 0.002; and OR, 0.26, 95% CI, 0.12–0.55, 
p < 0.001, respectively). In contrast, there were no survival 
benefits of AR expression in patients with non-TNBC (OR, 
0.75, 95% CI, 0.42–1.33, p = 0.320; and OR, 0.72, 95% CI, 
0.29–1.76, p= 0.470 for DFS and OS, respectively).

Correlation between AR expression and survival outcomes by 
gender

The survival outcomes between tumors with AR expression 

Figure 3. Forest plots of (A) disease-free survival (DFS) and (B) overall survival (OS) of the included studies. In androgen receptor (AR) expressed 
tumors, DFS and OS showed statistically significant improvement compared with no AR expression. 
M-H=Mantel-Haenszel; CI=confidence interval. *5-Year survival data. 
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	 Study or subgroup	 Events	 Total	 Events	 Total	 Weight (%)	 M-H, random, 95% CI

	 Study or subgroup	 Events	 Total	 Events	 Total	 Weight (%)	 M-H, random, 95% CI

		  AR+		  AR-			   Odds ratio

		  AR+		  AR-			   Odds ratio

	 Agoff, 2003 [15]	 6	 33	 16	 33	 6.5	 0.24 (0.08-0.72)
	 Agrawal, 2008 [24]	 48	 212	 144	 276	 11.2	 0.27 (0.18-0.40)
	 Kuenen-Boumeester, 1996 [20]	 93	 128	 14	 25	 7.9	 2.09 (0.87-5.03)
	 Castellano, 2010 [22]	 65	 609	 50	 250	 11.2	 0.48 (0.32-0.71)
	 Gonzalea-Angulo, 2009 [26]	 53	 174	 71	 173	 10.9	 0.63 (0.40-0.98)
	 He, 2012 [28]	 10	 74	 55	 213	 8.9 	 0.45 (0.22-0.93)
	 Kwiatkowska, 2003 [27]	 10	 15	 6	 24	 5.0	 6.00 (1.46-24.73)
	 Luo, 2010 [16]	 37	 148	 39	 121	 10.3	 0.70 ( 0.41-1.19)
	 Micello, 2010 [17]	 22	 108	 17	 110	 9.2	 1.40 (0.70-2.81)
	 Qu, 2013 [30]	 3	 49	 12	 45	 5.3 	 0.18 ( 0.05-0.69)
	 Soreide, 1992 [29]	 20	 112	 33	 112	 9.6 	 0.52 ( 0.28-0.98)
	 Yu, 2011 [21]	 2	 16	 9	 25	 4.0	 0.25 (0.05-1.38)

	 Total (95% CI)		  1,678		  1,407	 100.0	 0.60 (0.40-0.90)
	 Total events	 369		  466			 
	 Heterogeneity: Tau2 =0.35: Chi2 =46.55, df=11 (p<0.00001): l2 =76%
	 Test for overall effect: Z=2.46 (p=0.01)

	 Agoff, 2003 [15]	 1	 33	 4	 33	 1.8	 0.23 (0.02-2.15)
	 Agrawal, 2008 [24]	 60	 212	 136	 276	 12.3	 0.41 (0.28-0.59)
	 Collett, 1996 [25]	 21	 137	 26	 132	 9.4	 0.74 (0.39-1.39)
	 Gonzalez-Angulo, 2009 [26]	 51	 174	 61	 173	 11.5	 0.76 (0.48-1.20)
	 He, 2012 [28]	 4	 70	 38	 213	 5.6	 0.28 (0.10-0.81)
	 Hu, 2011* [19]	 101	 1,154	 43	 313	 12.3	 0.60 (0.41-0.88)
	 Kwiatkowska, 2003 [27]	 7	 15	 7	 24	 4.1	 2.13 (0.55-8.14)
	 Luo, 2010 [16]	 19	 148	 32	 121	 9.5	 0.41 (0.22-0.77)
	 Micello, 2010 [17]	 47	 109	 37	 112	 10.4	 1.54 (0.89-2.65)
	 Peters, 2009 [18]	 14	 116	 26	 99	 8.6	 0.39 (0.19-0.79)
	 Peters, 2012 [23]	 20	 41	 25	 32	 5.8	 0.27 (0.09-0.75)
	 Qu, 2013 [30]	 2	 52	 11	 57	 3.3	 0.17 (0.04-0.80)
	 Søreide, 1992 [29]	 3	 112	 11	 112	 4.3	 0.25 (0.07-0.93)
	 Yu, 2011 [21]	 0	 16	 3	 25	 1.1	 0.19 (0.01-4.03)

	 Total (95% CI)		  2,389		  1,722	 100.0	 0.53 (0.38-0.73)
	 Total events	 350		  460			 
	 Heterogeneity: Tau2 =0.18: Chi2 =32.69, df=13 (p=0.002): l2 =60%
	 Test for overall effect: Z=3.86 (p=0.0001)
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and those without AR expression by gender are shown in Fig-
ure 6. Among all studies, articles were only included in this 
analysis when the gender of the patients was described or 
could be determined by description (such as, premenopausal, 
postmenopausal, etc.). Among 16 studies, we could identify 
the gender of the included patients in eight articles. Only one 
of eight research studies evaluated the survival outcomes in 
men. For women, AR expression was associated with longer 
DFS and OS (OR, 0.42, 95% CI, 0.27–0.64, p< 0.001; and OR, 
0.47, 95% CI, 0.38–0.59, p< 0.001, respectively); in contrast, 
AR expression showed no statistical relation with OS in men 
(OR, 2.13; 95% CI, 0.55–8.14; p= 0.270). Furthermore, AR 
expression in men was associated with a worse DFS than in 

patients without AR expression (OR, 6.00; 95% CI, 1.46–
24.73; p= 0.010).

Sensitivity analyses
Exclusion of the single article that analyzed men had no sta-

tistical effect on survival outcomes (OR, 0.53, 95% CI, 0.37–
0.78; OR, 0.50, 95% CI, 0.37–0.69 for DFS and OS, respective-
ly) according to AR expression. In the remaining 15 studies, 
AR expression was determined by using immunohistochem-
istry (IHC), radioimmunoassay (RIA), and reverse-phase 
protein lysate microarray (RPLM) in 12, two, and one article, 
respectively. Removal of the three studies in which AR expres-
sion was determined by using RIA and RPLM had no influ-

Figure 4. Forest plots of survival outcomes according to hormonal receptor status. (A) Disease-free survival and (B) overall survival in patients with 
hormonal receptor expression. (C) Disease-free survival and (D) overall survival in patients without hormonal receptor expression. 
M-H=Mantel-Haenszel; CI=confidence interval; AR= androgen receptor. *5-Year survival data. 
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		  AR+		  AR-			   Odds ratio

	 Agoff, 2003 [15]	 4	 21	 15	 32	 23.4	 0.27 (0.07-0.97)
	 Gonzalez-Angulo, 2009 [26]	 14	 33	 41	 107	 36.7	 1.19 (0.54-2.62)
	 Micello, 2010 [17]	 22	 108	 17	 110	 39.8	 1.40 (0.70-2.81)

	 Total (95% CI)		  162		  249	 100.0	 0.89 (0.39-2.03)
	 Total events	 40		  73			 
	 Heterogeneity: Tau2 =0.31: Chi2 =5.08, df=2 (p=0.08): l2 =61%
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B
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	 Agoff, 2003 [15]	 1	 8	 0	 1	 4.8	 0.60 (0.02-23.07)
	 Gonzalez-Angulo, 2009 [26]	 32	 132	 25	 63	 35.2	 0.49 (0.26-0.93)
	 Hu, 2011* [19]	 78	 1,024	 8	 130	 32.8	 1.26 (0.59-2.67)
	 Peters, 2009 [18]	 6	 96	 15	 61	 27.1	 0.20 (0.07-0.56)

	 Total (95% CI)		  1,260		  255	 100.0	 0.53 (0.23-1.24)
	 Total events	 117		  48			 
	 Heterogeneity: Tau2 =0.42: Chi2 =8.44, df=3 (p=0.04): l2 =64%
	 Test for overall effect: Z=1.47 (p=0.14) 	0.01	 0.1	 1	 10	 100

Favours AR+    Favours AR-

Odds ratio
M-H, random, 95% CI
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	 Study or subgroup	 Events	 Total	 Events	 Total	 Weight (%)	 M-H, random, 95% CI
		  AR+		  AR-			   Odds ratio

	 Agoff, 2003 [15]	 2	 8	 1	 1	 1.5	 0.13 (0.00-4.32)
	 Castellano, 2010 [22]	 65	 609	 50	 250	 30.4	 0.48 (0.32-0.71)
	 Gonzalez-Angulo, 2009 [26]	 39	 141	 30	 66	 22.7	 0.46 (0.25-0.84)
	 Luo, 2010 [16]	 37	 148	 39	 121	 25.4	 0.70 (0.41-1.19)
	 Micello, 2010 [17]	 22	 108	 17	 110	 20.0	 1.40 (0.70-2.81)

	 Total (95% CI)		  1,014		  548	 100.0	 0.63 (0.41-0.98)
	 Total events	 165		  137			 
	 Heterogeneity: Tau2 =0.12: Chi2 =8.71, df=4 (p=0.07): l2 =54%
	 Test for overall effect: Z=2.05 (p=0.04) 	0.01	 0.1	 1	 10	 100

Favours AR+    Favours AR-

Odds ratio
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D

	 Study or subgroup	 Events	 Total	 Events	 Total	 Weight (%)	 M-H, fixed, 95% CI
		  AR+		  AR-			   Odds ratio

	 Agoff, 2003 [15]	 0	 25	 4	 32	 7.0	 0.12 (0.01-2.42)
	 Gonzalez-Angulo, 2009 [26]	 7	 30	 25	 99	 16.1	 0.90 (0.34-2.35)
	 Hu, 2011* [19]	 33	 140	 25	 173	 31.0	 1.83 (1.03-3.25)
	 Micello, 2010 [17]	 47	 109	 37	 112	 37.6	 1.54 (0.89-2.65)
	 Peters, 2009 [18]	 8	 20	 11	 38	 8.2	 1.64 (0.53-5.10)

	 Total (95% CI)		  324		  454	 100.0	 1.43 (1.02-2.01)
	 Total events	 95		  102			 
	 Heterogeneity: Chi2 =4.30, df=4 (p=0.37): l2 =7%
	 Test for overall effect: Z=2.08 (p=0.04) 	0.01	 0.1	 1	 10	 100
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Odds ratio
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Figure 5. Forest plots of survival outcomes according to molecular subtypes. (A) Disease-free survival and (B) overall survival in patients with triple-
negative breast cancer (TNBC). (C) Disease-free survival and (D) overall survival in patients with non-TNBC. 
M-H=Mantel-Haenszel; CI=confidence interval; AR=androgen receptor.
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	 Study or subgroup	 Events	 Total	 Events	 Total	 Weight (%)	 M-H, fixed, 95% CI

	 Study or subgroup	 Events	 Total	 Events	 Total	 Weight (%)	 M-H, random, 95% CI

	 Study or subgroup	 Events	 Total	 Events	 Total	 Weight (%)	 M-H, fixed, 95% CI

	 Study or subgroup	 Events	 Total	 Events	 Total	 Weight (%)	 M-H, random, 95% CI

		  AR+		  AR-			   Odds ratio

		  AR+		  AR-			   Odds ratio

		  AR+		  AR-			   Odds ratio

		  AR+		  AR-			   Odds ratio

	 Gonzalez-Angulo, 2009 [26]	 4	 16	 27	 81	 14.0	 0.67 (0.20-2.26)
	 He, 2012 [28]	 10	 74	 55	 213	 51.6	 0.45 (0.22-0.93)
	 Luo, 2010 [16]	 6	 38	 35	 99	 34.4	 0.34 (0.13-0.90)

	 Total (95% CI)		  128		  393	 100.0	 0.44 (0.26-0.75)
	 Total events	 20		  117			 
	 Heterogeneity: Chi2 =0.70, df=2 (p=0.70): l2 =0%
	 Test for overall effect: Z=3.04 (p=0.002)

	 Gonzalez-Angulo, 2009 [26]	 38	 146	 35	 81	 36.5	 0.46 (0.26-0.82)
	 Luo, 2010 [16]	 16	 110	 6	 22	 26.5	 0.45 (0.15-1.33)
	 Micello, 2010 [17]	 47	 109	 37	 112	 37.0	 1.54 (0.89-2.65)

	 Total (95% CI)		  365		  215	 100.0	 0.72 (0.29-1.76)
	 Total events	 101		  78			 
	 Heterogeneity: Tau2 =0.48: Chi2 =10.05, df=2 (p=0.007): l2 =80%
	 Test for overall effect: Z=0.73 (p=0.47)

	 Gonzalez-Angulo, 2009 [26]	 1	 16	 15	 81	 12.7	 0.29 (0.04-2.40)
	 He, 2012 [28]	 4	 74	 38	 213	 50.8	 0.26 (0.09-0.76)
	 Luo, 2010 [16]	 3	 38	 26	 99	 36.4	 0.24 (0.07-0.85)

	 Total (95% CI)		  128		  393	 100.0	 0.26 (0.12-0.55)
	 Total events	 8		  79			 
	 Heterogeneity: Chi2 =0.03, df=2 (p=0.99): l2 =0%
	 Test for overall effect: Z=3.48 (p=0.0005)

	 Castellano, 2010 [22]	 65	 609	 50	 250	 32.0	 0.48 (0.32-0.71)
	 Gonzalez-Angulo, 2009 [26]	 49	 158	 44	 92	 28.7	 0.49 (0.29-0.83)
	 Luo, 2010 [16]	 31	 110	 4	 22	 14.8	 1.77 (0.55-5.63)
	 Micello, 2010 [17]	 22	 108	 18	 110	 24.5	 1.31 (0.66-2.60)

	 Total (95% CI)		  985		  474	 100.0	 0.75 (0.42-1.33)
	 Total events	 167		  116			 
	 Heterogeneity: Tau2 =0.22: Chi2 =10.01, df=3 (p=0.02): l2 =70%
	 Test for overall effect: Z=0.99 (p=0.32)
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ence on the DFS and OS (OR, 0.52, 95% CI, 0.32–0.84; OR, 
0.46, 95% CI, 0.31–0.68, respectively) according to AR expres-
sion. Two of the 12 remaining articles determined AR expres-
sion by using an IHC score and Allred score instead of the 
staining rate only. Removal of those two articles had no effect 
on DFS and OS (OR, 0.52, 95% CI, 0.29–0.93; OR, 0.46, 95% 
CI, 0.29–0.74, respectively). Among the remaining articles, 
one used a definition of AR expression that was too high. 
With the exception of that single article, there were no signifi-
cant effects on survival outcomes (OR, 0.52, 95% CI, 0.29–
0.93; OR, 0.47, 95% CI, 0.28–0.80 for DFS and OS, respective-
ly). In addition, among the studies using IHC, the relationship 
between AR expression and OS showed no significant differ-
ences according to the cutoff value (p= 0.435 among the cut-
off values of 1%, 5%, and 10%). Thus, the different cutoff val-

ues (1%, 5%, and 10%) for determining AR expression had no 
effect on the survival outcomes. Furthermore, 11 articles re-
searched DFS and OS regardless of molecular subtype. In 
these studies, AR expression had no significant effect on the 
survival outcomes (OR, 0.52, 95% CI, 0.31–0.88; OR, 0.49, 
95% CI, 0.38–0.63 for DFS and OS, respectively).

DISCUSSION

In this study, we investigated survival outcomes of patients 
with breast cancer through the analysis of DFS and OS ac-
cording to AR expression. We identified research studies that 
analyzed AR expression with a histological diagnosis after 
surgery. Ultimately, 16 studies that included 5,420 patients 
were enrolled in this meta-analysis.
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Figure 6. Forest plots of survival outcomes by gender. (A) Disease-free survival and (B) overall survival in men. (C) Disease-free survival and (D) overall 
survival in women. 
M-H=Mantel-Haenszel; CI=confidence interval; AR=androgen receptor. *5-Year survival data. 
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	 Study or subgroup	 Events	 Total	 Events	 Total	 Weight (%)	 M-H, random, 95% CI
		  AR+		  AR-			   Odds ratio

	 Kwiatkowska, 2003 [27]	 10	 15	 6	 24	 100.0	 6.00 (1.46-24.73)

	 Total (95% CI)		  15		  24	 100.0	 6.00 (1.46-24.73)
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C

	 Study or subgroup	 Events	 Total	 Events	 Total	 Weight (%)	 M-H, random, 95% CI
		  AR+		  AR-			   Odds ratio

	 Agoff, 2003 [15]	 6	 33	 16	 33	 6.3	 0.24 (0.08-0.72)
	 Agrawal, 2008 [24]	 48	 212	 144	 276	 12.4	 0.27 (0.18-0.40)
	 Kuenen-Boumeester, 1996 [20]	 93	 128	 14	 25	 8.0	 2.09 (0.87-5.03)
	 Castellano, 2010 [22]	 65	 609	 50	 250	 12.4	 0.48 (0.32-0.71)
	 Gonzalez-Angulo, 2009 [26]	 53	 174	 71	 173	 12.0	 0.63 (0.40-0.98)
	 He, 2012 [28]	 10	 74	 55	 213	 9.3	 0.45 (0.22-0.93)
	 Luo, 2010 [16]	 37	 148	 39	 121	 11.2	 0.70 (0.41-1.19)
	 Micello, 2010 [17]	 22	 108	 17	 110	 9.6	 1.40 (0.70-2.81)
	 Qu, 2013 [30]	 3	 49	 12	 45	 5.0	 0.18 (0.05-0.69)
	 Søreide, 1992 [29]	 20	 112	 33	 112	 10.2	 0.52 (0.28-0.98)
	 Yu, 2011 [21]	 2	 16	 9	 25	 3.6	 0.25 (0.05-1.38)

	 Total (95% CI)		  1,663		  1,383	 100.0	 0.53 (0.37-0.78)
	 Total events	 359		  460			 
	 Heterogeneity: Tau2 =0.25: Chi2 =35.12, df=10 (p=0.0001): l2 =72%
	 Test for overall effect: Z=3.30 (p=0.0010)
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	 Study or subgroup	 Events	 Total	 Events	 Total	 Weight (%)	 M-H, random, 95% CI
		  AR+		  AR-			   Odds ratio

	 Agoff, 2003 [15]	 1	 33	 4	 33	 1.8	 0.23 (0.02-2.15)
	 Agrawal, 2008 [24]	 60	 212	 136	 276	 12.3	 0.41 (0.28-0.59)
	 Collett, 1996 [25]	 21	 137	 26	 132	 9.4	 0.74 (0.39-1.39)
	 Gonzalez-Angulo, 2009 [26]	 51	 174	 61	 173	 11.5	 0.76 (0.48-1.20)
	 He, 2012 [28]	 4	 70	 38	 213	 5.6	 0.28 (0.10-0.81)
	 Hu, 2011* [19]	 101	 1,154	 43	 313	 12.3	 0.60 (0.41-0.88)
	 Kwiatkowska, 2003 [27]	 7	 15	 7	 24	 4.1	 2.13 (0.55-8.14)
	 Luo, 2010 [16]	 19	 148	 32	 121	 9.5	 0.41 (0.22-0.77)
	 Micello, 2010 [17]	 47	 109	 37	 112	 10.4	 1.54 (0.89-2.65)
	 Peters, 2009 [18]	 14	 116	 26	 99	 8.6	 0.39 (0.19-0.79)
	 Peters, 2012 [23]	 20	 41	 25	 32	 5.8	 0.27 (0.09-0.75)
	 Qu, 2013 [30]	 2	 52	 11	 57	 3.3	 0.17 (0.04-0.80)
	 Søreide, 1992 [29]	 3	 112	 11	 112	 4.3	 0.25 (0.07-0.93)
	 Yu, 2011 [21]	 0	 16	 3	 25	 1.1	 0.19 (0.01-4.03)

	 Total (95% CI)		  2,389		  1,722	 100.0	 0.53 (0.38-0.73)
	 Total events	 350		  460			 
	 Heterogeneity: Tau2 =0.18: Chi2 =32.69, df=13 (p=0.002): l2 =60%
	 Test for overall effect: Z=3.86 (p=0.0001)
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In this study, we hypothesized that AR expression might be 
associated with the survival outcomes of patients with breast 
cancer. In addition, we analyzed the effect of AR expression on 
survival outcomes according to various parameters.

First, we estimated the association between AR expression 
and DFS and OS. In this meta-analysis, we verified the associ-
ation between AR expression and improved survival out-
comes. This result was consistent with our hypothesis. 

As well known, meta-analyses have the potential for publi-
cation bias, because negative results are less likely to be pub-
lished. However, we included studies that published negative 
results and confirmed that there was no publication bias by 
using funnel plots.

As mentioned above, the association between AR expression 
and survival outcomes remains controversial. Therefore, we 
tried to investigate the clinical significance of AR expression. 
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Second, we investigated whether an association exists be-
tween AR expression and survival outcomes according to HR 
expression. The results showed that when the tumors ex-
pressed HR and AR, only DFS was significantly improved. In 
patients with no HR expression, however, there was no im-
provement in DFS. Furthermore, OS was longer in patients 
with no AR expression rather than in those with AR expres-
sion. Some possible reasons could be suggested to explain this 
result. At first, endocrine therapy could affect the function of 
AR as well as HR. Patients with HR-positive tumors might re-
ceive endocrine therapy, and this therapy might have an effect 
on AR. This cascade might lead to the prevention of breast 
cancer recurrence in patients with AR-expressing tumors. In 
addition, if there is no expression of HR, the androgenic path-
way of breast cancer might be more enhanced by AR activa-
tion. Therefore, AR expression might result in a negative effect 
on survival outcome. However, as this is merely the present 
authors’ hypothesis, more research will be needed.

Third, the authors analyzed the survival association be-
tween AR expression and molecular subtype. The results 
showed that when AR was expressed, survival outcomes were 
improved in patients with TNBC. However, there was no im-
provement in survival among non-TNBC patients. This result 
might indicate that the pathogenesis of breast cancer is differ-
ent by molecular subtype. In non-TNBC, the three types of 
receptor (i.e., ER, PR, and HER2) might be more associated 
with the pathogenesis of breast cancer than the AR. In con-
trast, in TNBC, the AR might be more related to the patho-
genesis of breast cancer than the three receptors. However, as 
this hypothesis has not been demonstrated experimentally, 
additional studies are required.

Last, we evaluated the association between AR expression 
and survival outcomes according to gender. In men AR ex-
pression was not significantly associated with OS. Moreover, 
AR expression in men was associated with a lower DFS. This 
result might be because of the different levels of sex hormone 
according to gender. However, as only one of the included ar-
ticles researched the relationship between AR expression and 
survival outcomes in male patients, additional studies with 
larger cohorts are needed.

This study had some limitations. First, we were unable to 
analyze hazard ratios due to the programmatic limitation of 
Review Manager, which does not have the ability to calculate 
the value. In addition, because the authors extracted numeri-
cal survival data from some articles through graphs, texts, and 
tables, hazard ratios could not be analyzed. Therefore, ORs 
were the only way to analyze the survival data. However, be-
cause odds ratios do not include the concept of time, this 
could have resulted in bias. Second, there was moderate-to-

high heterogeneity in the analysis of DFS and OS. This hetero-
geneity could have resulted from the differences in adjuvant 
therapy, number of patients, etc. Therefore, a survival analysis 
after correcting for contributing factors might be needed.

In conclusion, expression of the AR in breast cancer might 
be associated with improved survival outcomes, especially in 
patients with HR-positive tumors, TNBC, and women. On 
the basis of this meta-analysis, we suggest that the existence of 
AR-positive tumors is related with prognostic features and 
contributes to clinical outcomes. 
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