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Expression and clinical significance of androgen
receptor in bladder cancer: A meta-analysis
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Abstract. Emerging evidence has demonstrated that androgen
receptor (AR) is a promising therapeutic target for bladder
cancer. However, the relationship between AR expression and
its clinical significance remains controversial. The present
in-depth meta-analysis aimed to investigate the correlation
between AR expression and clinicopathological features, as
well as prognostic value in bladder cancer. A systematic search
was performed from PubMed, Web of Knowledge, Embase
and the Cochrane Central Search Library by January 2017. The
correlation between AR expression and tumor stage, tumor
grade, recurrence free survival and progression free survival
for patients with bladder cancer was evaluated. A total of 12
relevant studies with 1,652 patient samples were included. AR
expression positively correlated with low tumor grade [odds
ratio (OR), 1.95; 95% confidence interval (CI), 1.36-2.81], low
tumor stage (OR, 2.06; 95% CI, 1.02-4.16) and low recurrence
rate [hazard ratio (HR), 0.48; 95% CI, 0.31-0.75] in Caucasian
patients. While, its expression had no significant impact on
cancer susceptibility (OR, 1.62; 95% CI, 0.19-13.72; P=0.44)
and progression-free survival (HR, 1.20; 95% CI, 0.86-1.66;
P=0.77). The present meta-analysis indicated that AR expres-
sion correlates with tumor grade, clinical stage and recurrence
rates in the specified population and classification system.
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Further studies are required to determine the precise role of
AR in bladder cancer.

Introduction

Bladder cancer is one of the most common types of urinary
tract malignancy worldwide (1). It is clinically characterized by
its progression, recurrence, metastasis and drug resistance (2).
Notably, due to the lifetime requirement for monitoring tumor
recurrence, the typical cost of bladder cancer from diagnosis
to mortality is the highest among all cancer types (3). To
better understand the molecular mechanisms of the disease,
research is under way so that novel treatments may be identi-
fied. However, therapeutic methods have remained essentially
unchanged over the past three decades, indicating an urgent
need to further research this malignancy (4).

Interestingly, it has been reported that the incidence of
bladder cancer is 3-4 times greater in men than in women (5).
Lifestyle or environmental factors, such as cigarette smoke
and industrial chemicals, are believed to be responsible for
the gender-specific disparity in bladder cancer morbidity and
aggressiveness (6). However, it remains a preferential disease
in men even after controlling for these carcinogens (6). Thus, a
hypothesis has been proposed that the androgen receptor (AR)
and related signaling pathways are involved in the etiology and
progression of bladder cancer (7).

AR signals have been demonstrated to correlate with bladder
cancer development and progression both in vitro and in vivo (7).
However, the correlation between AR expression and its clinical
significance remains controversial in patients with bladder cancer.
Some evidence has indicated that AR expression is related to
bladder cancer pathology grade, clinical stage or prognosis (8-10).
While a multi-institutional study revealed no correlations (11).
Thus, the present meta-analysis aimed to evaluate the expression
and clinical significance of AR in bladder cancer. To the best of
our knowledge, this is the first meta-analysis to investigate the
impact of AR expression on bladder cancer.

Data collection methods

Publication search strategy. In accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
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guidelines (12), a systematic review of literature was performed
in January 2017 using PubMed (ncbi.nlm.nih.gov/pubmed),
Web of Knowledge (webofknowledge.com), Embase (embase.
com) and the Cochrane Central Search Library (cochraneli-
brary.com). Search terms used included ‘androgen receptor,
‘AR, ‘bladder, ‘cancer,” ‘carcinoma’ and ‘tumor.’ All abstracts
and review articles on this topic were reviewed, and references
of original studies were identified by manual search.

Inclusion criteria and exclusion criteria. Eligible studies
had to meet the following selection criteria: i) Studies had
to evaluate the association between AR and bladder cancer;
ii) the report contained key information about AR expression
and bladder cancer susceptibility, tumor grade, lymph node
metastasis recurrence-free survival (RFS) or progression-free
survival (PFS); iii) studies published in English; and iv) confer-
ence abstracts, reviews and letters to editors were not included.
Studies with overlapping or insufficient data were excluded.

Data extraction. Two independent reviewers (Jinbo Chen
and Yu Cui) extracted the information from eligible studies
to the inclusion criteria. Disagreement was resolved during a
consensus with a third reviewer (Xiongbing Zu). The literature
data and demographic were extracted individually. Odds ratio
(OR) and 95% confidence intervals (CI) were used to estimate
the association between AR expression and bladder cancer
susceptibility, tumor grade and clinical stage. Hazard ratio
(HR) and its 95% ClIs were used to elevate the association
between AR expression and RFS and PFS. If available, the
HRs with their 95% CIs and P-values were collected from the
original article. If not, HRs and their 95% CIs were calculated
using the data of observed cancer progression/recurrences,
the data of samples in each group or the data provided by
the authors. If only survival curves were available, data was
extracted from the graphical survival plots and the HRs were
estimated (13,14). The quality of studies was evaluated using
the Newcastle-Ottawa Scale (15). Scores of 7-9 were defined
as high quality study, and a score <7 as low quality study.

Statistical analysis. A meta-analysis was performed to assess
the association between AR expression and bladder cancer
susceptibility, tumor grade, tumor stage, RFS as well as PFS.
Statistical heterogeneity was assessed using a formal Q-statistic
as well as I-squared, with the statistical significance level set
at 0.05 (16). A fixed-effects model was used when no hetero-
geneity was found; otherwise, the random-effects model was
used to calculate pooled ORs. Publication bias was evaluated
by Egger's (17) and Begg's (18) test. P<0.05 was considered
to indicate a statistically significant difference. All statistical
analyses were implemented in STATA 11.0 statistical software
(StataCorp LP, College Station, TX, USA).

Results

Literature search. A total of 235 studies were identified from
the database or manual search. According to the selection
criteria, 223 studies were excluded, resulting in 12 studies with
1,652 patients for analysis. A flow chart of article selection
summarizes the main characteristics of included studies, as
demonstrated in Fig. 1. Finally, data were available from five
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229 of records identified through
database searching

6 of additional records identified through
other sources

L v

| 235 of records after duplicates removed

Articles excluded after title and abstract
review (n=212)

v

| 23 of articles assessed for eligibility

Articles excluded from this review

(n=11)

|  Overlapping populations (n=2)

h Lack of data or can not estimate HR

12 of articles included in qualitative by the shown data (n=3)

synthesis Not studies of intervention of interest,
l or outcome of interest (n=6)

12 of articles included in qualitative
synthesis (meta-analysis)

Figure 1. Flow chart of articles reviewed and included in the present
meta-analysis.

studies on AR expression and bladder cancer susceptibility
(568 tumor cases vs. 523 normal controls), six studies on AR
expression and tumor grade (387 low grade vs. 663 high grade
cases), nine studies on AR expression and tumor stage (582
non-invasive vs. 712 invasive cases), five studies on AR expres-
sion and RFS (414 cases) and four studies on AR expression
and PFS (319 cases). The essential information of the included
studies was listed in Table I (8-11,19-26).

AR expression and bladder cancer susceptibility. In total,
five studies reported AR expression and bladder cancer
susceptibility, involving 1,091 samples (568 urothelial
tumor vs. 523 normal urothelium tissues). There was statis-
tical heterogeneity between these trials (I-squared=94.2%;
P<0.001), so a random-effects model was used in the analysis.
The reason for this may be that AR positive and negative
cases in the control group of these literatures were different.
The district and ethnicity differences may contribute to
this heterogeneity, and so subgroup analysis was conducted
according to ethnicity. Overall, no significant association
was observed between AR expression and bladder cancer
susceptibility (OR, 1.62; 95% CI, 0.19-13.72; P=0.44; Fig. 2).
Subgroup analysis by different ethnicity demonstrated that
AR expression had no significant association with bladder
cancer susceptibility both for Caucasian (OR, 1.13; 95% CI,
0.05-24.47, P=0.98) and Asian patients (OR, 4.34; 95% ClI,
0.01-3544.09; P=0.66; Table II).

AR expression and tumor grade. A total of six studies inves-
tigated the relationship between AR expression and bladder
cancer grade, including 1,050 cases. No statistical hetero-
geneity between trials was identified (I-squared=43.9%;
P=0.113), so a fixed-effects model was used in the analysis.
Overall, the AR expression was positively correlated with
low bladder cancer grade (OR, 1.74; 95% CI, 1.27-2.37,
P<0.01; Fig. 3). Subgroup analysis by different ethnici-
ties demonstrated that AR expression correlated with low
bladder cancer grade for Caucasian patients (OR, 1.95; 95%
CI, 1.36-2.81; P<0.01). However, such association was not
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Table II. Subgroup analysis for androgen receptor and clinicopathological features and prognosis in bladder cancer.

Heterogeneity
Category n  Oddsratio  95% confidence interval ~ P-value  I-squared, %  P-value
Susceptibility due to ethnicity
Caucasian 3 1.13 0.05-24 .47 0.98 95.30 <0.01
Asian 2 434 0.01-3544.09 0.66 95.10 <0.01
Tumor grade and ethnicity
Caucasian 4 1.95 1.36-2.81 <0.01 60.90 0.05
Asian 2 1.30 0.72-2.35 0.39 0 09
Classification system
2004 WHO 4 1.94 1.35-2.80 <0.01 11 0.34
1998 WHO 2 1.25 0.68-2.32 047 72.80 0.05
Tumor stage and ethnicity
Caucasian 8 2.06 1.02-4.16 0.04 77 <0.01
Asian 1 0.43 0.11-1.58 0.20 NA NA
Recurrence-free survival and ethnicity
Caucasian 3 0.48* 0.31-0.75 0.01 0 042
Asian 2 1.13* 0.87-1.47 0.74 47.70 0.125
Progression-free survival and ethnicity
Caucasian 3 1.31* 0.92-1.85 0.13 55 0.07
Asian 1 0.61* 0.23-1.62 0.32 NA NA
“Indicates hazard ratio value. NA, not applicable.
Study %
ID OR (95% CI) Weight
!
Boorjian (2004) —_— | 0.18 (0.06, 0.53) 21.84
Tuygun (2011) i - 12212 (7.40, 2014.89) 1657
Miyamoto (2012) —— i 0.18 (0.11, 0.30) 22.87
Izumi (2016) —_— i 0.31(0.12, 0.80) 22.18
Mashhadi (2014) i 74.31(4.47, 1234.63) 16.55
Overall (I-squared = 94.2%, p <0.001) <> 1.62(0.19, 13.72) 100.00
i p=044
NOTE: Weights are from random effects analysis E
T : I
0.0005 1 2015

Figure 2. Forest plot of OR for bladder cancer susceptibility. Square indicates point estimate of each study. Size of square indicates relative contribution of each
study. Solid horizontal line represents 95% CI of each study. The diamond indicates the pooled OR value. OR, odds ratio; CI, confidence interval.

observed for Asian populations (OR, 1.30; 95% CI, 0.72-2.35;
P=0.39). Subgroup analysis by different pathology classifi-
cation systems demonstrated that AR expression correlated

with low bladder cancer grade for the 2004 World Health
Organization (WHO) classification system (OR, 1.94; 95%
CI, 1.35-2.80; P<0.01). However, such relationship was not
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Study %

ID OR (95% Cl) Weight

i
1

Boorjian (2004) : - 8.50 (0.95, 75.80) 1.29
I

Mir (2010) ——Eg—f 0.92 (0.46, 1.86) 28.36
I
1

Nam (2014) ——— 1.33 (0.66, 2.68) 2342
i

Tuygun (2011) -i—::}— 2.97 (1.49, 5.93) 15.84
1

Miyamoto (2012) —ll-.—— 217 (1.15, 4.10) 2163
-
1

Jing (2014) ~—— 1.22(0.40, 3.72) 9.46
|

Overall (I-squared =43.9%, p=0.113) @ 1.74 (1.27,2.37) 100.00
! p<0.01
|
i

T T
0.0132 1 758

Figure 3. Forest plot of OR for tumor grade. Square indicates point estimate of each study. Size of square indicates relative contribution of each study. The
horizontal line crossing the square represents the 95% CI. The diamond indicates the pooled OR value. OR, odds ratio; CI, confidence interval.

Study %
ID OR (95% CI) Weight
i
Boorjian (2004) i —_— 11.00 (2.37, 51.14) 9.12
Mir (2010) — i 0.56 (0.30, 1.03) 14.92
Williams (2015) —i—E— 223(1.31,382) 15.37
i
Zhuang (1997) - : 0.08 (0.00, 1.95) 3.67
1
Boorjian (2009) —i—&— 2.89 (0.95, 8.82) 11.68
Tuygun (2011) i —_— 5.66 (2.25, 14.21) 12.97
Miyamoto (2012) —;-E-— 2.08 (1.15, 3.75) 15.07
Zheng (2011) E: 1.44 (0.19, 11.04) 6.77
i
Jing (2014) —1-'——5 0.43 (0.11, 1.58) 10.42
Overall (I-squared = 77.2%, p < 0.001) 1@ 1.75(0.88, 3.48) 100.00
: P=0.11
NOTE: Weights are from random effects analysis E
G.MLS? 1 2;0

Figure 4. Forest plot of OR for tumor stage. Square indicates point estimate of each study. Size of square indicates relative contribution of each study. Solid
horizontal line represents 95% CI of each study. The diamond indicates the pooled OR value. OR, odds ratio; CI, confidence interval.

found for the 1998 WHO classification system (OR, 1.25;  cancer stage, involving 1,294 cases. Statistical heterogeneity
95% CI, 0.68-2.32; P=0.47; Table II). was observed between trials (I-squared=77.2%; P<0.001). Thus,

a random-effects model was used in the analysis. The district
AR expression and tumor stage. There were 9 studies that  and ethnicity differences may contribute to this heterogeneity,
reported the correlation between AR expression and bladder  so subgroup analysis according to ethnicity was conducted.
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Study %

ID HR (95% CI) Weight
i
i

lzumi (2018) { = T 0.36 (0.16, 0.83) 13.21
1
1

Mir (2010) | —— 1.29 (0.86, 1.92) 20.45
i
1

Nam (2014) —_— 0.54 (0.32, 0.93) 18.08
!

Tuygun (2011) o 0.62(0.33,1.18) 16.24
1
1

Miyamoto (NI low-grade) (2012) - 0.80 (0.35, 1.88) 13.03
i
1

Miyamoto (NI high-grade) (2012) e 1.49 (0.92, 2.42) 18.99
1

Overall (l-squared = 70.5%, p = 0.005) ¢> 0.80 (0.51, 1.24) 100.00
! p=0.31
1
1

NOTE: Weights are from random effects analysis :

T * |
0.16 U 625

Figure 5. Forest plot of HR for recurrence-free survival. Square indicates point estimate of each study. Size of square indicates relative contribution of each
study. The horizontal line crossing the square represents the 95% CI. The diamond indicates the pooled HR value. NI, non-invasive; MI, muscle invasive; HR,

hazard ratio; CI, confidence interval.

Study %
ID HR (95% CI) Weight
i
Tuygun (2011) - : 0.34 (0.10, 1.15) 7.19
]
1
Miyamote (NI low-grade) (2012) — 0.76 (0.08, 7.60) 2,07
i
Miyamoto (NI high-grade) (2012) ——3— 1.21(0.71, 2.07) 37.44
1
Miyamoto (MI) (2012) -:—Ol— 1.62(0.96, 2.74) 38.98
1
1
Zheng (2011) - - 7.19(1.11,4653)  3.07
i
1
Nam (2014) —— . 0.61(0.23, 1.62) 11.25
Overall (I-squared = 54.1%, p = 0.054) @ 1.20 (0.86, 1.66) 100.00
: p=0.77
1
T * T
00215 . 485

Figure 6. Forest plot of HR for progression-free survival. Square indicates point estimate of each study. Size of square indicates relative contribution of each
study. The horizontal line crossing the square represents the 95% CI. The diamond indicates the pooled HR value. NI, non-invasive; MI, muscle invasive; HR,

hazard ratio; CI, confidence interval.

Overall, no significant association was demonstrated between
AR expression and tumor stage (OR, 1.75; 95% CI, 0.88-3.46;
P=0.11; Fig. 4). Subgroup analysis by ethnicity demonstrated
that AR expression was positively correlated with non-invasive
tumors compared with muscle invasive stage for Caucasian
patients (OR, 2.06; 95% CI, 1.02-4.16; P=0.04), whereas such

association was not found in Asian populations (OR, 0.43;
95% CI, 0.11-1.58; P=0.20; Table II).

AR expression and RFS. A total of five studies reported
the correlation between AR expression and RFS, involving
414 cases. There was statistical heterogeneity between trials
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Begg's funnel plot with pseudo 95% confidence limits

Log of odds ratio

0 05

T T
1 1.5

Standard error

Figure 7. Funnel plot for potential publication bias of tumor stage.

(I-squared=70.5%; P=0.005), and so a random-effects model
was used in the analysis. The district and ethnicity differ-
ences as well as the limited number of patients included in the
studies may have contributed to this heterogeneity; therefore,
subgroup analysis according to ethnicity was conducted.
Overall, no significant association was observed between AR
expression and RFS (HR, 0.80; 95% CI, 0.51-1.24; P=0.31;
Fig. 5). Subgroup analysis by ethnicity indicated that AR
expression was correlated with lower recurrence rate for
Caucasian patients with bladder cancer (HR, 0.48; 95% CI,
0.31-0.75; P=0.01), whereas such association was not observed
for Asian patients (HR, 1.13; 95% CI, 0.87-1.47; P=0.74).

AR expression and PFS. A total of four studies investigated
the relationship between AR expression and PFS, involving
319 cases. There was no statistical heterogeneity between
trials (I-squared=54.1%; P=0.054), so a fixed-effects model
was used in the analysis. Overall, no significant association
was observed between AR expression and PFS (HR, 1.20; 95%
CI, 0.86-1.66; P=0.77; Fig. 6) Subgroup analysis by ethnicity
demonstrated that AR expression was not correlated with
progression free rates for Caucasian and Asian patients with
bladder cancer (HR, 1.31; 95% CI, 0.92-1.85; P=0.13; and HR,
0.61; 95% CI, 0.23-1.62; P=0.32, respectively; Table II).

Publication bias. The funnel plot for the relationship between
AR expression and tumor stage was demonstrated in Fig. 7.
P-values for Begg's adjusted rank correlation test was 0.75 and
the Egger's regression asymmetry test was 0.48. The results
did not reveal any evidence of publication bias.

Discussion

The AR gene, located in the X chromosome (ql1-12), is a
member of the nuclear receptor superfamily (27). As a tran-
scription factor, it mediates physiological activities by binding
to androgen. It has been demonstrated that androgen signaling
has been linked to regulation of proliferation, motility and
cell death in urinary malignancies (28,29). Importantly, it has
essential roles in malignancies of the prostate, bladder, kidney,

lung, breast and liver (30-32). To date, aiming to investigate
the possible role of AR in bladder cancer, various studies have
defined AR expression patterns and functions in these patients'
samples (8-11). However, due to diversity in sample sizes,
ethnicity, immunohistochemistry (IHC) techniques, scoring
systems and interventions, the results remain inconsistent.
Therefore, the present in-depth meta-analysis aimed to reveal
the correlation between AR expression and clinicopathological
features, as well as prognosis in patients with bladder cancer.

Notable efforts have been made to study AR expression in
bladder cancer tissues compared with normal bladder samples.
However, there is large discrepancy among the results of
these studies. In the present meta-analysis, the AR positive
rate ranged from 12.9-61.1% in bladder cancer tissues, while
this rate ranged from 0-86.5% in normal bladder urothelium.
Studies by Tuygun et al (19) and Mashhadi ef al (22) revealed
that AR expression was much higher in bladder cancer tissues,
compared with 0% positivity in normal tissues. However, data
from studies by Boorjian et al (9), Miyamoto et al (21) and
Izumi et al (26) demonstrated that the AR positive rate was
lower in bladder cancer tissues than in normal bladder samples.
The present meta-analysis with five studies and 1,091 samples
demonstrated no significant association between AR expres-
sion and bladder cancer susceptibility.

Since cancer biomarker expression may increase in the
early stage and decrease in later periods, AR expression in
different tumor grades and stages was further investigated in
the present meta-analysis. Unexpectedly, the correlation results
between AR expression and bladder cancer development have
not reached a consensus. Tuygun et al (19) demonstrated that
AR expression negatively correlated with tumor grade and
clinical stage in 139 patients. Also, this relationship was indi-
cated by Miyamoto et al (21). In contrast, a multi-institutional
study by Mir er al (11) reported that AR expression was not
associated with pathological grade and stage in bladder cancer.
Concluding these data, the present subgroup meta-analysis
indicated that AR expression was positively correlated with
low tumor grade and non-invasive tumor stage for Caucasian
patients, while significant associations for tumor grade and
stage were not observed in Asian patients.
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Furthermore, the pathological grading system of bladder
cancer was updated in 2004 (33). Subgroup analysis based
on this new classification system in the present meta-analysis
demonstrated that AR expression had a positive correlation
with low bladder cancer grade. Similarly, subgroup analysis
indicated that AR expression was positively correlated with
non-muscle invasive tumors, compared with muscle invasive
tumors in the Caucasian population. These results revealed
that AR expression decreased with increasing grade and stage,
indicating that low AR expression was associated with bladder
cancer development in the specified population and classifica-
tion system.

Bladder cancer is a disease of high recurrence and easy
progression (6). Thus, it is necessary to monitor tumor
recurrence throughout a patient's lifetime (34). Unfortunately,
~70% of patients presenting with superficial bladder tumor
develop recurrence and 10-20% of these patients progress to
muscle invasive bladder cancer (35). Recently, the controver-
sial relationship between AR expression and bladder cancer
prognosis has been reported. Studies by Nam et al (23) and
Izumi et al (26) indicated that AR-positive patients had a
significantly lower risk of tumor recurrence compared with
those with AR-negative tumors. Contrastingly, Mir et al (11)
demonstrated that loss of AR expression was not associ-
ated with clinical outcome, including RFS. Interestingly,
Miyamoto et al (21) divided bladder patients into non-invasive
low grade, non-invasive high grade and muscle invasive
groups, and analyzed AR expression and RFS and PFS in
these groups. The present subgroup analysis demonstrated that
AR expression was positively correlated with lower recurrence
rates in Caucasian patients with bladder cancer; however,
its expression had no significant impact on PFS. As cases
included in the present analysis were limited, more studies are
required to clarify AR expression and its prognostic role in
bladder cancer in the future.

Several limitations should be noted in the present
meta-analysis. First, all data included were from retrospec-
tive studies. This may potentially enlarge certain bias,
such as selection bias. Second, case quantities in some
studies were confined, particularly for the Asian popula-
tion. Third, publication on AR expression and prognosis
of overall survival was not sufficient, which restrained our
ability to conduct analysis. Forth, the standard for IHC
positive staining between the studies was not consistent,
which may cause some heterogeneity. Furthermore, several
HRs for RFS and PFS were calculated based on the data
extracted from the survival curve, and this may also induce
some errors.

In conclusion, the present study provided evidence for
correlations between AR expression and clinicopathological
features, as well as prognosis in patients with bladder cancer.
Although heterogeneity exists in the included studies, the
present meta-analysis demonstrated that AR expression was
correlated with tumor grade, clinical stage and recurrence
rates in the specified population and classification system.
No association was observed between AR and bladder cancer
susceptibility or PFS. Accordingly, further mechanistic studies
are required to determine the precise functional role of AR
signaling in the development and progression of bladder
cancer.
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