
www.transonc.com

Trans la t iona l Onco logy Volume 10 Number xx Month 2017 pp. 340–345 340
High Androgen Receptor mRNA
Expression Is Independently
Associated with Prolonged
Cancer-Specific and
Recurrence-Free Survival in
Stage T1 Bladder Cancer
Danijel Sikic*, 1, Johannes Breyer†, 1,
Arndt Hartmann‡, 1, Maximilian Burger†, 1,
Philipp Erben§,1, Stefan Denzinger†,
Markus Eckstein‡, 1, Robert Stöhr‡, 1,
Sven Wach*,1, Bernd Wullich*,1, Bastian Keck*,1,
Ralph M. Wirtz¶,1 and Wolfgang Otto†, 1

*Department of Urology, University Hospital Erlangen,
Erlangen, Germany; †Department of Urology, University of
Regensburg, Regensburg, Germany; ‡Institute of Pathology,
University Hospital Erlangen, Erlangen, Germany;
§Department of Urology, Medical Faculty Mannheim,
Heidelberg University, Mannheim, Germany; ¶STRATIFYER
Molecular Pathology GmbH, Cologne, Germany
Abstract
INTRODUCTION: High-risk non–muscle-invasive bladder cancer (NMIBC) remains challenging given the high
probability of progression. Given that the androgen receptor (AR) has been discussed as a possible factor in the
development and progression of bladder cancer, we investigated the predictive value of AR in stage pT1 NMIBC.
MATERIALS AND METHODS: We retrospectively analyzed the clinical data and AR mRNA expression in 296
patients with stage pT1 NMIBC who underwent a transurethral resection of the bladder. The mRNA expression of
the AR transcript variants 1 (AR1) and 2 (AR2) was measured by reverse transcription quantitative real-time
polymerase chain reaction. AR expression was also correlated to KRT5 and KRT20 mRNA expression. RESULTS:
Kaplan-Meier analysis indicated that high AR1 mRNA expression ≥35.47 is associated with statistically significant
better recurrence-free survival (RFS) (P = .0007), progression-free survival (PFS) (P = .0420), and cancer-specific
survival (CSS) (P = .0050). Multivariate Cox regression analysis revealed that high AR1 mRNA expression is an
independent prognostic marker for RFS (P = .0029) and CSS (P = .0119). Spearman rank correlation revealed a
significant positive association between mRNA expression of AR1 and KRT5 (rs: 0.3171, P b .0001) as well as a
negative association with multifocal tumors (rs: 0.1478, P b .0109). No association was noted between AR1
expression and tumor grade, concomitant CIS, gender, tumor size, and KRT20 in patients with stage T1 NMIBC.
CONCLUSIONS: AR mRNA expression can predict RFS and CSS in patients with stage T1 NMIBC. Further studies
are necessary to refine the relevance of AR mRNA expression compared with immunohistochemically detectable
AR expression.
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Introduction
Urothelial carcinoma of the bladder (UCB) is the ninth most
common cancer worldwide with 430,000 new cases and 165,000
deaths estimated for 2012 [1]. UCB can be divided into non–
muscle-invasive (NMIBC) and muscle-invasive bladder cancer
(MIBC). NMIBC is typically treated with transurethral resection of
the bladder (TURB) and, depending on its risk of progression, the
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Table 1. Patient Characteristics of Patients with T1 NMIBC

Patient Characteristics n (%)

Total cohort 296 (100)
Male gender 234 (79.1)
Age b75 years 145 (49.0)
Tumor size b3 cm 140 (47.3)
Concomitant CIS 84 (28.4)
Multifocal tumor 87 (29.4)
Mitomycin instillation therapy 45 (15.2)
BCG instillation therapy 123 (41.6.9)
WHO grading 1973 G2 95 (32.1)
WHO grading 1973 G3 201 (67.9)
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instillation of mitomycin or Bacillus Calmette-Guerin (BCG),
whereas radical cystectomy remains the gold standard for MIBC
[2,3]. However, high-risk NMIBC remains challenging given that the
probability of progression ranges between 25% and 50% [4]. Patients
eligible for early cystectomy are mainly determined by clinicopath-
ological features based upon the scoring system developed by the
European Organization for Research and Treatment of Cancer [2].
The research on new molecular markers and therapeutic targets is
mandatory with the goal to improve the clinical course of these
patients.
The fact that the incidence of UCB is increased by three-fold in

men compared with women, even when adjusted for environmental
and lifestyle factors [5], and that women have a worse outcome [6,7]
has led to the hypothesis of UCB being an endocrine-related
malignancy. Particularly, the role of the androgen receptor (AR) in
the tumorigenesis and progression of UCB has been the focus of
several studies [8–11]. For instance, Hsu et al. demonstrated that
mice had a lower incidence of UCB and a higher survival rate after
exposure to carcinogens when AR was ablated in the bladder [9]. The
same study also showed that AR overexpression promoted the
chemically induced transformation of normal urothelial cells to
carcinoma in the human normal urothelial cell line SV-HUC-1 [9].
The findings made by in vitro and animal experiments are supported
by a retrospective analysis of men with primary UCB and
concomitant prostate cancer who experienced longer recurrence-free
survival (RFS) rates for UCB under androgen deprivation therapy for
prostate cancer [12]. However, the association between AR, tumor
stage, and tumor grade remains unclear. Although some studies
described an association between high AR expression and increased
tumor stage and grade as well as a worse outcome [13,14], other
studies reported an association between a decrease of AR expression
and tumor progression [15,16]. Nevertheless, these data suggest that a
change in AR expression is associated with the progression of UCB.
However, to what extent AR expression can be considered as a
possible marker or even a therapeutic target for patients with high-risk
NMIBC needs to be determined.
The aim of the present study was to analyze the predictive value of

AR expression in patients with stage T1 NMIBC. A reverse
transcription quantitative real-time polymerase chain reaction
(RT-qPCR)–based assessment was used for the objective quantifica-
tion of AR mRNA expression from formalin-fixed, paraffin-em-
bedded routine tissues.

Material and Methods

Patient Population
In this study, we retrospectively analyzed 334 patients with stage

pT1 NMIBC at initial diagnosis treated with TURB at the
Department of Urology of the University of Regensburg between
1989 and 2012. The study was performed under a positive vote (No.
08/108) of the institutional review board of the University of
Regensburg. Histopathological parameters of all cases, including
grading according to WHO 1973 and WHO 2004 classifications,
were assessed by a pathologist specialized in uropathology (A.H.).

Assessment of AR mRNA Expression by RT-qPCR
Tumor specimens were assessed by RT-qPCR as previously

described [17]. In short, for RNA extraction from formalin-fixed,
paraffin-embedded tissue, a single 10-μm curl was processed
according to a commercially available bead-based extraction method
(Xtract kit; STRATIFYER Molecular Pathology GmbH, Mainz,
Germany). RNA was eluted with 100 μl of elution buffer. DNA was
digested, and RNA eluates were then stored at −80°C until use.

Primers for the AR transcript variant 1 (AR1; RefSeq
NM_000044.3) and transcript variant 2 (AR2; RefSeq
NM_001011645.2) were designed. The mRNA expression levels of
the genes of interest (GOI), AR1 and AR2, as well as the reference
gene (REF) CALM2 were determined by RT-qPCR, which involves
the reverse transcription of RNA and subsequent amplification of
cDNA executed successively in a one-step reaction. Each patient
sample or control was analyzed in triplicate in a Siemens Versant PCR
System (Siemens, DE) according to the following protocol: 5 minutes
at 50°C and 20 seconds at 95°C followed by 40 cycles of 15 seconds at
95°C and 60 seconds at 60°C.

Forty amplification cycles were applied, and the cycle threshold
(CT) values of the two GOI and the REF gene for each sample (S)
were estimated as the median of the triplicate measurements. These
were then normalized against the mean expression levels of the REF
gene using the 40-ΔCT method to ensure that normalized gene
expression obtained by the test is proportional to the corresponding
mRNA expression levels:

40−ΔCT GOIð ÞS ¼ 40− CT GOI½ �S–CT REF½ �Sð Þ

Statistical Methods
The cutoffs for AR1 and AR2 mRNA expression levels were

determined by partitioning tests for progression-free survival (PFS)
and then tested for the prediction of RFS and cancer-specific survival
(CSS). Subsequently, RFS, PFS, and CSS were analyzed using the
median mRNA expression of AR as objective cutoffs to validate the
prognostic strength of AR mRNA expression. The Spearman
product-moment correlation coefficient rs was used as a measure of
the strength and direction of the linear relationship between variables
in addition to the Wilcoxon/Kruskal-Wallis test, with both resulting
in almost identical P values. Statistical analysis, including Kaplan-
Meier survival analysis, multivariate Cox regression hazard analysis
and partitioning testing, was performed with JMP SAS (SAS Institute,
Cary, NC) and Graph Pad Prism software (Version 5.04; Graph Pad
Software Inc., La Jolla, CA).

Results

Patient Population
Clinicopathological characteristics of the cohort are summarized in

Table 1. Only patients with stage pT1 were included in the study.
Any patients with stage pTa or pTx were not considered for inclusion.



Figure 1. Correlation of AR1mRNA expression with gender, concomitant CIS, tumor size, focality, KRT5, KRT20, and grading according to
WHO 1973 and WHO 2004 criteria based on central pathology review.

Figure 2. Kaplan-Meier analysis in the total cohort (n = 296) based
on AR1 mRNA expression for RFS (A), PFS (B), and CSS (C).
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From this initial cohort of 334 patients, 38 samples were excluded
due to low mRNA yields, leaving 296 patients for this study. All of
these patients received a Re-TURB within 4 to 6 weeks after initial
diagnosis. A total of 168 patients received a postoperative instillation
therapy (n = 45 for mitomycin, n = 123 for BCG). The findings of
stage ≤T1 were defined as recurrence, while the findings of stage NT1
were defined as progression. Median follow-up was 42 months
(interquartile range, 25-72 months). The median mRNA expression
levels for AR1 and AR2 were 34.63 and 26.87, respectively.

Correlation of AR mRNA Expression with Subtype Specific
Genes and Clinicopathological Parameters

Nonparametric Spearman rank correlation revealed a statistically
significant positive association between mRNA expression of AR1
and AR2 (rs: 0.6412, P b .0001). Given that the mRNA expression
patterns of AR1 and AR2 were strongly correlated and AR1
expression was significantly increased compared with AR2 expression,
subsequent analyses were performed exclusively with AR1. AR1
expression was inversely correlated with tumor multifocality (rs: −
0.1478, P = .0109). No significant association was noted between
AR1 expression and tumor grade, tumor size, concomitant CIS, and
gender (Figure 1).

Moreover, we investigated the correlation of AR1 mRNA expression
with the mRNA expression of KRT5 and KRT20, reflecting the basal
and luminal subtypes of bladder cancer, respectively [18–20]. A
significant correlation between AR1 and KRT5 was demonstrated (rs:
0.3171, P b .0001). No correlation was noted between the mRNA
expression of AR1 and KRT20 (rs: 0.0142, P = .81).

Prognostic Value of AR1 mRNA Expression
Partition testing indicated that AR1 mRNA levels ≥35.47 are

associated with improved PFS (5-year survival rate 84% vs 79%; P =
.0420). Using this cutoff, Kaplan-Meier analysis revealed that high
AR1 mRNA expression (≥35.47) was associated with significantly
better RFS (5-year survival rate 75% vs 60%; P = .0007) and CSS
(5-year survival rate 94% vs 80%; P = .0050) (Figure 2).

To exclude a potential influence of instillation therapies on our
results, we conducted a subgroup analysis based on postoperative
instillation therapy. In the subgroup without instillation therapy
(n = 128), high AR expression was significantly associated with
improved RFS (P = .0241) and exhibited a strong tendency toward
prolonged CSS (P = .0521). On the other hand, the subgroup that
received a postoperative instillation therapy (n = 168) exhibited
significantly improved RFS (P = .0070), PFS (P = .0230), and CSS
(P = .0119) when high AR expression was present (Figure 3).
While there was no association between grading and AR mRNA
expression according to nonparametric Spearman rank correlation,
grade 3 NMIBC based on the WHO classification of 1973 was also
associated with significantly worse PFS (P = .0421) and almost
statistically significant worse CSS (P = .0585) (Supplemental
Figure 1).



Figure 3. Kaplan-Meier analysis in the subcohort of pT1 patients
who received instillation therapy (n = 168) based on AR1 mRNA
expression for RFS (A), PFS (B), and CSS (C).
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Multivariate Cox regression analysis adjusted for grading, gender,
concomitant CIS, tumor size, and tumor focality revealed that high
AR1 mRNA expression (≥35.47) is an independent prognostic
marker for RFS (L-R χ2: 8.85, P = .0029) and CSS (L-R χ2: 6.33,
P = .0119) (Figure 4). From the clinicopathological parameters, only
tumor size was a statistically significant independent predictor for
RFS (L-R χ2: 7.41, P = .0065), PFS (L-R χ2: 5.07, P = .0243), and
CSS (L-R χ2: 7.61, P = .0058).

Discussion
Treatment options for UCB have minimally evolved in the last two
decades [21]. However, recent genetic analyses revealed important
new insight into the pathophysiology of UCB. Several independent
studies revealed distinct molecular subtypes of UCB, reminiscent of
the basal and luminal subtypes found in breast cancer [19,20,22].
These subtypes bear different clinicopathological features and survival
outcomes given that basal UCBs are intrinsically more aggressive
but chemosensitive, whereas luminal UCBs are less aggressive but
chemoresistant [19,20,23]. Moreover, it was shown that genes and
genomic regions are either mutated or altered frequently in UCB,
which could be relevant for future targeted therapies [22]. These and
other molecular findings are capable of revolutionizing the diagnostic
and therapeutic approach toward UCB in a manner similar to that in
breast cancer [24]. The recent approval of the PD-1/PD-L1 inhibitor
atezolizumab by the FDA as a second-line treatment against
metastatic UCB is a first step in this direction [25].

The discovery of molecular subtypes of UCB has also renewed the
interest in the possible involvement of hormones and hormonal
receptors in the development of UCB given that parameters such as
ESR2 and ERBB2 expression have been used to define the luminal
subtype of UCB [22]. Recently, we demonstrated that the mRNA
expression of ESR1, ERBB2, and MKI67 is significantly associated
with stage and grade in NMIBC [17].

AR as a possible factor in the development and progression of UCB
has already been the focus of several studies. Although an association
seems likely, the true prognostic significance of AR in UCB remains
unclear mainly due to conflicting results [13–16,26]. For instance,
Mashadi et al. showed increased AR expression in UCB compared
with normal urothelium. Moreover, patients with positive AR
expression had a poorer prognosis and a higher rate of metastases
compared with their AR-negative counterparts given that AR
expression positively correlated with tumor stage and grade in this
study [14]. Zheng et al. found an association between AR positivity
and progression of UCB as well [13]. In the study by Mir et al., only
9.0% of NMIBCs expressed the AR compared to 15.1% of MIBCs
[27]. Miyamoto et al. demonstrated an increased AR expression in
metastatic UCB compared with primary tumors. However, unlike the
previously cited studies, the loss of AR expression was associated with
high-grade and invasive tumors in this study [26]. Tuygun et al. also
found that high AR expression was associated with low-grade tumors
and NMIBC [16]. In all of the mentioned studies, AR expression in
tumor specimens was assessed by immunohistochemistry. However,
immunohistochemistry is prone to high interobserver variability and
different results, depending on the applied antibody [27,28].
Furthermore, immunohistochemistry was previously shown to detect
only 5.7% of nuclear AR expression and 26.3% of combined nuclear
and cytoplasmic AR expression, thereby masking prognostically
meaningful results. [29]. This finding might contribute to the
inconclusive results of the previous mentioned studies.

To avoid these technical limitations of immunohistochemistry in
the assessment of AR protein expression in UCB, we measured AR
mRNA expression using RT-qPCR. In the present study, we present
a significant association between high AR expression and better
survival in stage T1 UCB. We identified no association between AR
expression and gender, which is akin to previous findings [14,16,27].

In addition, by stratifying AR expression with the molecular
subtypes of stage T1 NMIBC, we identified a significant association
between high AR1 mRNA expression and the basal subtype reflected
by KRT5 mRNA expression, whereas no association was noted
between AR1 and KRT20, reflecting the luminal subtype. High
expression of KRT5 and AR1 is associated with a better outcome in
our study of stage T1 NMIBC. However, it remains unclear whether
this positive effect can be attributed to either of the two markers or if
another unknown associated factor is responsible for this result.

Although our results present a clear diagnostic advantage for
patients with stage T1 NMIBC when subject to an additional
evaluation of AR mRNA expression, the therapeutic significance for



Figure 4. Cox regression analysis of AR1 mRNA expression ≥35.47 in the total cohort for RFS (A), PFS (B), and CSS (C).
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stage T1 NMIBC remains unclear. Although previous results in
mouse models suggest that functional AR signaling is involved in the
initiation of UCB [7], our data implicate a better outcome upon
elevated AR expression in NMIBC. However, available data from
other studies suggest an improved course of disease for patients with
UCB who received antiandrogen therapy for prostate cancer [12].
Moreover, another preclinical study described the negative effect of
androgens on the expression of interleukin IL6, which is necessary for
the adherence of BCG to urothelial carcinoma and thus the
effectiveness of BCG in the treatment of NMIBC. Antiandrogens
reverse this effect. Therefore, BCG therapy might improve when
administered together with antiandrogens [30]. Regarding the
potential use of antiandrogens in UCB, an analogy might be drawn
to breast cancer, where the estrogen receptor–positive luminal
subtypes are associated with better survival, yet antihormonal therapy
is regarded standard of care for the luminal breast cancer subtypes
[31].

Additionally, it has to be considered that AR expression, and thus
the role of AR, might change during the progression of UCB, as
indicated by the previously cited studies. Further research is necessary
to clarify the therapeutic relevance of AR expression and antiandrogen
therapies in NMIBC and MIBC.

Some limitations to our study should be noted. The first limitation
is the retrospective nature of this study. Moreover, no immuno-
histochemistry was used to determine AR protein expression in this
study, which is probably the most readily available form of AR
detection.

In conclusion, we demonstrated that the measurement of AR
mRNA expression predicts the outcome of patients with stage T1
NMIBC. This information might help to better stratify patients with
this challenging tumor entity beyond the clinicopathological methods
currently available. Further studies are necessary to investigate the
possible therapeutic impact of these findings as well as the relevance of
AR expression in advanced states of urothelial cancer.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.tranon.2017.01.013.
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