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Abstract
The relationship between androgen receptor expression and renal cell carcinoma risk remains controversial. This study is aimed
to investigate the clinical significance of androgen receptor expression in renal cell carcinoma. A computerized bibliographic
search of Embase, the PubMed, and Web of Science combined with manual research between 1977 and 2017 was conducted to
explore the association between androgen receptor expression and clinicopathological features of renal cell carcinoma. Data were
analyzed by a meta-analysis using RevMan 5.3 analysis software. Eleven retrospective studies with 1839 renal cell carcinoma
cases were finally included according to the Preferred Reporting Items for Systematic Reviews and Meta-analysis guidelines. It
was found that there was no significant difference between androgen receptor expression and susceptibility, pathological type,
metastatic status, metastatic type (lymph or distant metastasis) and cancer-specific survival of renal cell carcinoma (P > 0.05).
However, positive androgen receptor expression was demonstrated to be significantly associated with male patients, lower
pathological grade, and earlier tumor stage of renal cell carcinoma (OR = 1.69, 95% CI = 1.30–2.19, P < 0.0001; OR = 2.06,
95% CI = 1.49–2.85, P < 0.0001; OR = 2.81, 95% CI = 1.30–6.12, P = 0.009; respectively). In conclusion, higher androgen
receptor expression was correlated with male patients, low tumor grade and early stage of renal cell carcinoma. Based on current
results, androgen receptor-inhibited target therapy for renal cell carcinoma patients may be of limited benefits and should be taken
into more evaluations.
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Background

Kidney and renal pelvis cancer represents 5% and 3% of
estimated new cases in male and female respectively, which
ranks the 6th and 10th among all cancer [1]. Renal cell
carcinoma (RCC) accounts for up to 85% of all kidney can-
cer and the most common histologic subtype is clear cell
RCC (ccRCC). The incidence of RCC has been increasing
in recent 20 years [2]. It has been demonstrated that patho-
logical characters of tumor type, stage, and grade are

strongly associated with the prognosis of RCC [3, 4].
Studies on oncological biologic pathways involving a vari-
ety of potential molecules such as vascular endothelial
growth factor (VEGF), platelet-derived growth factor
(PDGF), hypoxia-induced factor (HIF), mammalian target
of rapamycin (mTOR), are aimed to seek targeted therapies
which may effectively improve the survival of RCC patients
[5–9]. Besides, androgen receptor (AR), a member of the
nuclear hormone receptor family of transcription factors
which plays a vital role in biological mechanisms of the
disease emergence and development, is emphasized for its
clinical significance in several urological diseases [10, 11].
According to the results of previous in vivo and in vitro
researches it was found that AR could modulate the tumor-
igenesis and metastasis of urogenital cancer including kid-
ney, bladder, and prostate [12–14]. Moreover, AR could
also enhance the development of calcium oxalate
nephrolithiasis [15, 16].
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Given the preponderance of males in the incidence of
RCC and possible positive response after hormonal treat-
ments on RCC patients, investigators hypothesized that
RCC was a hormone-dependent tumor and regulated by
the biological function of AR [17, 18]. Increasing studies
attempted to evaluate the association of AR and RCC in past
years. However, controversial results from previous studies
made it hard to identify the true role of AR in RCC. Langner
et al. [19] found that AR expression was significantly asso-
ciated with lower pathological stage and grade as well as
better survival outcomes. However, Noh et al. [20] discov-
ered that AR was in relation to poor prognosis with negative
overall survival as well as cancer-specific survival (CSS).
Additionally, two studies revealed that the role of AR ex-
pression differed in distinct metastatic types of RCC. In
2017, Huang et al. [21] found that AR could increase hema-
togenous metastasis yet reduce lymphatic metastasis; while
on the other hand Foersch et al. [22] demonstrated that de-
creased AR expression accompanied with the presence of
distant metastasis but there was no consistent pertinence of
AR expression and lymphatic metastasis. On the basis of
current results, the association between AR expression and
clinicopathologic outcomes in RCC is ambiguous. There
has been no meta-analysis which observes the role of AR
expression in RC C so far. This study will benefit to a com-
prehensive evaluation and considerable proofs of the asso-
ciation of AR expression with RCC risk.

Methods

Search Strategy

In May 2018, according to Preferred Reporting Items for
Systematic Reviews andMeta-analyses (PRISMA) guidelines
[23], a systematic reviewwas performed by a computer search
covering January 1977 to December 2017 using electronic
databases of Embase, the PubMed, and Web of Science com-
bined with additional manual research of the references of
original studies included and reviews on this topic. The search
terms included kidney cancer, kidney carcinoma, renal cell
carcinoma, RCC, androgen receptor, AR, and hormone
receptor.

Inclusion Criteria

All titles, abstracts and articles without abstracts were
screened by two independent authors (P Yuan, Y Ge).
Eligible studies were included based on the following criteria:
full text published in English language; original studies other
than reviews, case reports, meeting abstracts, or conference

proceedings; studies on RCC patients; evaluation of the asso-
ciation between AR expression and clinicopathological out-
comes. Full texts of selected abstracts were further reviewed
and two reviewers together decided whether a study should be
finally included. If there was any disagreement, a third author
(ZQ Chen) made a final consideration after comprehensive
discussions.

Data Extraction and Quality Assessment

Data were independently collected and extracted by two au-
thors (P Yuan, Y Ge) using designed forms. Any unavailable
data were blanked and defined as ‘not available (NA)’. A third
author (ZQ Chen) took the responsibility of the judgement
whenever there were recording discrepancies. The
Newcastle-Ottawa Scale was used to evaluate the quality of
studies. A study with the score of 7 or upper was high-quality
while a study with the score of <7 was low-quality [24].

Statistical Analysis

Data were presented descriptively as means (range), propor-
tions, or odds ratio (OR) with its 95% confidential interval
(CI). Selected data were combined into a meta-analysis
us ing RevMan 5.3 analys i s sof tware (Cochrane
Collaboration, Copenhagen, Denmark). Funnel plot visual
inspection was performed to evaluate the publication bias
only when the analysis included more than 10 studies.
Statistical heterogeneity across studies were assessed by
the chi-square test and the I2 statistic. It was indicated that
when the heterogeneity existed as I2 was >50% or P < 0.05,
data were pooled by the random-effects model; otherwise
no heterogeneity was found and then a fixed-effects model
was used. All statistical tests were two-sided, and statistical
significance was defined as P < 0.05.

Results

Literature Search and Study Characteristic

In the final analysis a total of 11 studies [19–22, 25–31] with
1839 RCC cases were eligibly included. The process of study
selection was shown by the PRISMA flow diagram (Fig. 1).
All studies were in retrospective cohort design and assessed as
high-quality by the Newcastle -Ottawa Scale.

General characteristics of study authors, published year,
published country, the number of RCC cases, patient age,
patient sex, follow-up time, the assay of AR detection, and
pathological types of RCC were shown in Table 1. There
were 1, 5, and 5 studies designed in American, Asian, and
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European area, respectively. Patient age in all cases with
available data ranged from 18 to 85 years. It was found that
the most common pathological type of RCC was ccRCC,
followed by papillary and some other types of chromo-
phobe, collecting duct carcinoma, granular cell, spindle cell
and mixed cell.

To detect AR expression in RCC and control normal tis-
sues, methods of polymerase chain reaction (PCR), western
blot (WB), immunohistochemistry (IHC), and dextran-coated
charcoal (DCC) were carried out for the quantitative or qual-
itative determination of AR protein or messenger RNA
(mRNA). Among 6 studies (54.5%) where IHC was used,
positive AR expression of RCC was differently defined as
the least 10% (4 studies) or 5% (1 study) tumor cells positive
for AR nuclear staining. And this information was not men-
tioned in 1 study. Among 4 studies (36.4%) in which DCC
was conducted, the value of AR expression above the lower
limit detectable from this method was considered as AR-pos-
itive. In the only one study (9.1%) the assay of both PCR and
WB were used.

The Association of AR Expression
and Clinicopathological Features in RCC

The data of AR expression and clinicopathological features
including patient sex, tumor susceptibility, pathological type,
pathological grade, pathological T (pT) stage, metastatic sta-
tus, metastatic type, and survival outcomes were presented in
Table 2.

Patient Sex

The association of AR expression and the sex of RCC patients
was investigated in 8 studies. No evidence of statistically sig-
nificant heterogeneity was verified (I2 = 23%, P = 0.24) and
then a fixed-effects model was applied to the analysis.
Positive AR expression was significantly correlated to the
male RCC patients (OR = 1.69; 95%CI = 1.30–2.19;
P < 0.0001; Fig. 2).

Tumor Susceptibility

In terms of RCC susceptibility, a total of 4 studies compared
the difference of AR expression between RCC and normal
tissues which were all pathologically identified. Self-
matched adjacent normal-appearing kidney tissue specimens
were used in 3 studies. But of 8 normal tissue specimens in 1
study, 2 tissue samples were self-matched but other 6 samples
were from other RCC patients. A random-effects model
served the analysis with the consideration of statistically sig-
nificant heterogeneity between studies (I2 = 87%, P < 0.0001).
Overall, there was no significant association between AR ex-
pression and RCC susceptibility (OR = 0.55; 95%CI = 0.06–
4.70; P = 0.58; Fig. 3).

Tumor Pathological Type, Grade and T Stage

The association of AR expression and pathological types were
observed in 3 studies. In this analysis, pathological types were
divided into two groups of ccRCC and other types as ccRCC

491 of records identified through
database searching

11 of additional records
identified through other sources

502 of records after duplicates
removed

Articles excluded after title and abstract
review (n=481)

21 of full-text articles assessed
for eligibility

Full-text articles excluded, with reasons
(n=10)

Not relevant patients (n=4)

Not studies of outcomes of interest (n=6)11 of studies included in
qualitative synthesis

Fig. 1 Preferred Reporting Items
for Systematic Reviews and
Meta-analyses flow diagram de-
tailing the search strategy and
identification of studies used in
data synthesis
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accounted for most of cases and the number of other types
were very low. No statistically significant heterogeneity was
testified (I2 = 0%, P = 0.57) and then a fixed-effects model
was employed. It was discovered that there was no difference
of AR expression between ccRCC and other types of RCC
(OR = 0.77; 95% CI = 0.51–1.17; P = 0.22; Fig. 4a).

A total of 6 studies reported the relationship between AR
expression and tumor pathological grade. In this analysis, tu-
mor grade was divided into grade 1–2 and 3–4 as the corre-
sponding definition of low grade and high grade. No statisti-
cally significant heterogeneity was authenticated (I2 = 49%,
P = 0.08) and then a fixed-effects model was needed.
Compared with RCC without AR expression, those with pos-
itive AR expression were associated with a statistically signif-
icant lower tumor grade (OR = 2.06; 95%CI = 1.49–2.85;
P < 0.0001; Fig. 4b).

Four studies reported the relationship between AR expres-
sion and tumor pTstage. In this analysis, pTstage was divided
into T1–2 and T3–4 as the corresponding definition of early
stage and advanced stage. A random-effects model was re-
quired in the analysis as there was statistically significant het-
erogeneity between studies (I2 = 64%, P = 0.04). Similar to
the tumor grade, positive AR expression was significantly
associated with lower tumor stage (OR = 2.81; 95%CI =
1.30–6.12; P = 0.009; Fig. 4c).

Metastatic Status

Of the 5 studies evaluating the association of AR expression
and metastatic status, there was statistically significant het-
erogeneity (I2 = 77%, P = 0.002) and the analysis was per-
formed by a random-effects model. There was no difference
of AR expression between metastatic and non-metastatic
status (OR = 0.77; 95%CI = 0.37–1.62; P = 0.49; Fig. 5a).
In addition, of the 3 studies evaluating the association of
AR expression and metastatic type, there was also statisti-
cally significant heterogeneity (I2 = 61%, P = 0.07) and a
random-effects model was wielded. And no difference of
AR expression between lymph and distant metastasis was
observed (OR = 0.54; 95%CI = 0.09–3.24; P = 0.50; Fig.
5b).

Survival Outcomes

Three studies explored the relevance of AR expression and the
survival. CSS was chosen as the only indicator for the surviv-
al, and in a study CSS was respectively evaluated in two
subgroups of ccRCC patients and non-ccRCC patients.
Statistically significant heterogeneity existed (I2 = 85%, P =
0.0002) and a random-effects model was finally utilized. The
difference between AR expression and CSS was not statisti-
cally significant (OR = 1.14; 95%CI = 0.21–6.26; P = 0.88;
Fig. 6).Ta
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Discussion

AR signaling, which involves nucleus translocation after
the combination of AR and hormones and the transcription
of AR target genes, has much influence in human malig-
nances as well as other hormone-dependent aliments [32].
Disease processes such as cell proliferation, migration, an-
giogenesis, epithelial-mesenchymal transition, oxidative
stress, and inflammatory, are ascribed to the biological func-
tion of AR signaling by the interaction of other signaling
pathways and targeted genes [33, 34]. Study of AR in pros-
tate cancer has remained for several decades, which promot-
ed to the development of AR-targeted therapy and the re-
newal of anti-androgen drugs [35]. In bladder cancer, high
AR expression implicates low tumor grade and stage and
benefits to the survival time [36].

Besides that, it has been found that AR expression was
associated with breast cancer, pancreatic cancer, liver can-
cer, ovarian cancer, endometrial cancer and so on [37, 38].
A meta-analysis found that breast cancer expressing both
ER and AR indicated better survival compared with those
expressing only ER [39]. Based on the significant

association of AR and breast cancer, some studies have
focused on the antiandrogens for the treatment of breast
cancer, which aimed to provide a promising therapeutic
choice which might improve the survival outcomes in
AR-positive but ER/PR-negative cancers [40, 41]. And
AR expression is also associated with the development
and prognosis of liver cancer, which promoted to tumor
growth and invasion [42].

Despite a relatively low incidence of RCC compared
with the prostate cancer in males and the breast cancer in
females, some cases were initially diagnosed with advanced
even metastatic RCC because of atypical syndromes in the
early stage [43]. RCC patients with high tumor grade and
stage are inclined to increased risks of tumor recurrence and
metastasis [44]. Poor survival outcomes were observed in
metastatic RCC patients. Adjuvant targeted therapies of
VEGF-R inhibitors have been applied to advanced or met-
astatic RCC patients to repress the pathogenesis and to im-
prove the survival [45]. So researchers are attempting to
seek more considerable molecules associated with RCC so
that the disease can be better understood to achieve explicit
assessment and precise treatment of RCC.

Fig. 2 Forest plots for association between androgen receptor expression and the sex of renal cell carcinoma patients (CI: confidence interval)

Fig. 3 Forest plots for association between androgen receptor expression and renal cell carcinoma susceptibility (CI: confidence interval)
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When it comes to the association of AR with RCC, it is of
essence that RCC is hormone-related based on integrated anal-
yses of epidemiological, clinical, molecular-biological, and
genetic findings. Abnormal expression of AR in RCC is
linked with specific pathophysiology. In vitro experiments
have demonstrated the role of AR in RCC progression
through possible signaling pathways such as HIF2α/VEGF,
circHIAT1/miR-195-5p/29a-3p/29c-3p/CDC42, and
LncRNA-SARCC/miRNA-143- 3p [5, 46, 47]. Generally,
proliferation, migration and invasion of RCC cell were en-
hanced after the exposure of moderate ADT, which conse-
quently could be well inhibited by the antiandrogens or sup-
pressing AR expression [48]. These in vitro results showed
that AR might be the potential therapeutic target of RCC in
favor of restraining the tumorigenesis and metastasis. But

unfortunately, consensus could be hardly reached on the link-
age between AR expression and RCC in patients. It seems
equivocal that whether AR expression correlates to RCC sus-
ceptibility. What’s more, it still remains unclear that whether
enhancive AR expression is indicated for a low or high tumor
grade and stage, and good or bad survival. Consequently, it
can’t be easily concluded that degradation of AR benefited to
RCC patients. If a loss of AR expression was noted in ad-
vanced or metastatic RCC, inversely, supplementary AR with
testosterone was vital in therapeutic strategies.

It is imperative to explore the clinical significance of AR
expression in RCC. In this work, evaluation of the association
between AR expression and clinicopathological features of
RCC was evaluated, which revealed that higher expression
was relative to male patients and lower pathological grade

a

b

c

Fig. 4 Forest plots for association between androgen receptor expression and pathological features of RCC including (a) pathological types, b
pathological grade, and (c) pathological T stage (ccRCC: clear cell renal cell carcinoma; CI: confidence interval; G: grade)
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and earlier stage rather than the factors of RCC susceptibility,
pathological type, metastatic status, metastatic type and the
survival. It was found that increasing AR expression may
not lead to worse survival results. These results contradicted
what had been found in several studies in which AR was
thought to be stimulative to the tumor progression. Based on
these results in our study, target therapy of AR inhibitors for
RCC may be not reliable. Moreover, studies of AR inhibitors
for RCC patients should be taken into more consideration. It is
crucial to explore more detailed and convincing proof on the
direction and magnitude of the effect of AR expression on
RCC.

However, it is regrettable that some reasons may be respon-
sible for the divergence of results among studies and possible
bias, which included district and ethnicity imparity, disparate
methods for detecting AR, as well as the diversity of AR

expression in various pathological subtypes of RCC. This
meta-analysis includes the methods of PCR, IHC, and DCC
for the detection of IHC. The difference in the definition of
positive AR expression may confine the accuracies of results.
Several other limitations in present meta-analysis should be
also noted. It is a retrospective study which reduced the cred-
ibility of associations between AR and RCC. So in future,
high-quality and large-sample prospective studies are in urge
need for comprehensive evaluations in the association of AR
with RCC risk.

Conclusions

In conclusion, it can be found that AR expression is signifi-
cantly associated with male patients, lower tumor grade, and

a

b

Fig. 5 Forest plots for association between androgen receptor expression and metastasis of renal cell carcinoma including (a) metastatic status and (b)
metastatic type (CI: confidence interval; LM: lymphatic metastasis; DM: distant metastasis)

Fig. 6 Forest plots for association between androgen receptor expression and survival outcome of renal cell carcinoma patients (CI: confidence interval)
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earlier tumor stage. And current evidence might not be in
favor of the target therapy of AR inhibitors for advanced or
metastatic RCC patients. In future, high-quality prospective
studies are required for evaluating the association of AR with
RCC risk.
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