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Abstract X-ray repair cross-complementing group 1
(XRCC1) plays an important role in the maintenance of the
genomic integrity. Previous studies on the association between
XRCC1 Arg194Trp polymorphism and prostate cancer risk
reported conflicting results. To get a more precise assessment
of the association between XRCC1Arg194Trp polymorphism
and prostate cancer risk, we performed a meta-analysis of
previously published studies. Eligible studies were searched
in PubMed, Embase, and China National Knowledge
Infrastructure (CNKI) databases. Nine studies with a total of
5,407 subjects were finally included into the meta-analysis.
Odds ratio (OR) with 95 % confidence interval (95 %CI) was
used to assess the association. Overall, there was no obvious
association between XRCC1 Arg194Trp polymorphism and
prostate cancer risk (Trp vs. Arg: OR=1.02, 95 %CI 0.84–
1.25, P=0.824; TrpTrp vs. ArgArg: OR=1.17, 95 %CI 0.83–
1.66, P=0.374; TrpTrp/ArgTrp vs. ArgArg: OR=1.00,
95 %CI 0.79–1.28, P=0.990; TrpTrp vs. ArgArg/ArgTrp:
OR=1.20, 95 %CI 0.85–1.68, P=0.301). Subgroup analysis
according to ethnicity also detected no significant association
in both Asians and Caucasians. In conclusion, the meta-
analysis suggests that there is no obvious association between
XRCC1 Arg194Trp polymorphism and prostate cancer risk.
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Introduction

Prostate cancer is the most common cancer in men worldwide
and it has caused serious damages to human health [1, 2].

There are several risk factors associated with prostate cancer,
such as tobacco smoking and drinking alcohol [2, 3]. In
addition, it is no doubt that genetic factors also play vital roles
in the development of prostate cancer [4, 5]. Environmental
carcinogens can result in DNA damages, which finally lead to
the development of prostate cancer [6, 7]. DNA repair system
aims to maintain genomic integrity and constantly challenge
the environmental insults and replication errors [6–8]. X-ray
repair cross-complementing group 1 (XRCC1) plays an im-
portant role in the maintenance of the genomic integrity [9,
10]. There are several common single nucleotide polymor-
phisms in the XRCC1 gene, and XRCC1 Arg194Trp,
Arg280His, and Arg399Gln polymorphisms are the three
most studied ones [11, 12]. XRCC1 Arg194Trp polymor-
phism is a C to T substitution at exon 6, which further results
in an amino acid change from Arg to Trp [11, 12]. There were
many studies performed to assess the associations of XRCC1
genetic polymorphisms with prostate cancer, but previous
studies on the association between XRCC1 Arg194Trp poly-
morphism and prostate cancer risk reported conflicting results
[13–20]. To get a more precise assessment of the association
between XRCC1 Arg194Trp polymorphism and prostate can-
cer risk, we performed a meta-analysis of previously pub-
lished studies.

Methods

Search strategy and study selection

Eligible studies were searched in PubMed, Embase, and
China National Knowledge Infrastructure (CNKI) databases.
We used the combination of the following search terms: (‘X-
ray repair cross-complementing group 1’, ‘XRCC1’ or
‘Arg194Trp’) and (‘prostate cancer’ or ‘prostate carcinoma’).
All included studies must meet the following inclusion
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criteria: (1) Case–control studies, (2) assessing the association
between XRCC1 Arg194Trp polymorphism and prostate can-
cer risk, and (3) providing the genotype frequencies of
XRCC1 Arg194Trp polymorphism. When duplicated studies
were published from the same sample, only the study with the
most complete data was included in the meta-analysis.

Data extraction

The data extraction was performed according to a standard
protocol. The following information was extracted from each
included study: first author, year of publication, country, eth-
nicity, genotyping methods, characteristics of the sample pop-
ulation, source of the sample population, and genotype fre-
quencies of cases and controls.

Statistical analysis

The odds ratio (OR) with corresponding 95 % confidence
interval (95 %CI) was used to examine the association be-
tween XRCC1 Arg194Trp polymorphism and prostate cancer
risk. The association was assessed by the following models:
the allelic model, the homozygote model, the dominant mod-
el, and the recessive model. Heterogeneity among the studies
was assessed using the I2 statistic method [21]. Either the
random effects model (DerSimonian–Laird method) or the
fixed effects model (Mantel–Haenszel method) was used to
calculate pooled OR in the presence or absence of heteroge-
neity, respectively [22, 23]. Subgroup analysis was further
performed for the Asian and Caucasian populations. Finally,
potential publication bias was evaluated by visual analysis of
the funnel plot. All statistical analyses were performed with
the STATA version 11.0 software (Stata Corporation, College
Station, TX, USA).

Results

Studies characteristics

From the search, 49 abstracts of publications were found.
After excluding those irrelevant studies, nine studies with a
total of 5,407 subjects were finally included into the meta-
analysis [13–20]. Those nine studies were from eight publi-
cations [13–20]. Of those nine studies, five studies were
performed in Asians [13, 14, 18–20], three studies were from
Caucasians [15–17], and one study was from other population
[16]. In addition, the controls were from healthy populations
in three studies, and the controls were from hospitals in the
five studies left.

Meta-analysis

The main results of the meta-analysis of the association be-
tween XRCC1 Arg194Trp polymorphism and prostate cancer
risk were shown in Table 1. Overall, there was no obvious
association between XRCC1 Arg194Trp polymorphism and
prostate cancer risk (Trp vs. Arg: OR=1.02, 95 %CI 0.84–
1.25, P=0.824; TrpTrp vs. ArgArg: OR=1.17, 95 %CI 0.83–
1.66, P=0.374; TrpTrp/ArgTrp vs. ArgArg: OR=1.00,
95 %CI 0.79–1.28, P=0.990; TrpTrp vs. ArgArg/ArgTrp:
OR=1.20, 95 %CI 0.85–1.68, P=0.301) (Table 1, Figs. 1, 2,
and 3).

Subgroup analysis by ethnicity was performed in order to
determine the source of heterogeneity among the studies and
to assess the effect of race on the association between XRCC1
Arg194Trp polymorphism and prostate cancer risk. Subgroup
analysis according to ethnicity detected no significant associ-
ation in both Asians and Caucasians (Table 1).

Publication bias

Potential publication bias was evaluated by visual analysis of
the funnel plot. Visual analysis of the funnel plots did not
present any evidence of obvious asymmetry for any genetic
model in the overall meta-analysis of the association between
XRCC1 Arg194Trp polymorphism and prostate cancer risk.
Therefore, there was no obvious risk of publication bias in the
meta-analysis.

Discussion

It has been well-accepted that DNA repair systems in human
body play a critical role in the maintenance of genomic
integrity. In addition, DNA repair system aims to maintain
genomic integrity and constantly challenge the environmental
insults and replication errors. XRCC1 plays an important role
in the maintenance of the genomic integrity. Previous studies
on the association between XRCC1 Arg194Trp polymor-
phism and prostate cancer risk reported conflicting results.
To get a more precise assessment of the association between
XRCC1 Arg194Trp polymorphism and prostate cancer risk,
we performed the present meta-analysis. Nine studies with a
total of 5,407 subjects were finally included into the meta-
analysis. Overall, there was no obvious association between
XRCC1 Arg194Trp polymorphism and prostate cancer risk
(Trp vs. Arg: OR=1.02, 95 %CI 0.84–1.25, P=0.824; TrpTrp
vs. ArgArg: OR=1.17, 95 %CI 0.83–1.66, P=0.374; TrpTrp/
ArgTrp vs. ArgArg: OR=1.00, 95 %CI 0.79–1.28, P=0.990;
TrpTrp vs. ArgArg/ArgTrp: OR=1.20, 95%CI 0.85–1.68, P=
0.301) (Table 1). Subgroup analysis according to ethnicity
also detected no significant association in both Asians and
Caucasians. Thus, the meta-analysis suggests that there is no
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obvious association between XRCC1 Arg194Trp polymor-
phism and prostate cancer risk.

The XRCC1 protein is a very important part of DNA repair
system, and the joint effects of XRCC1 and other proteins can
promote the repair of DNA. Since the dysfunction of DNA
repair system can result in the development of cancer, genetic
mutations in the XRCC1 gene are suggested to alter host’s
susceptibility to prostate cancer. There are several common

single nucleotide polymorphisms in the XRCC1 gene, and
XRCC1 Arg194Trp, Arg280His, and Arg399Gln polymor-
phisms are the three most studied ones [24–26]. XRCC1
Arg194Trp polymorphism is a C to T substitution at exon 6,
which further results in an amino acid change from Arg to Trp
[24–26]. In the present meta-analysis, we only assessed the
association between XRCC1 Arg194Trp polymorphism and
prostate cancer risk and failed to identify an obvious

NOTE: Weights are from random effects analysis
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Fig. 1 Forest plot for the association between XRCC1 Arg194Trp polymorphism and prostate cancer risk under the allelic model

Table 1 Meta-analysis of the as-
sociation between XRCC1
Arg194Trp polymorphism and
prostate cancer risk

OR odds ratio; 95 %CI 95 %
confidence interval

Groups Study (subject) OR [95 %CI] P value I2 (%)

All populations

Trp versus Arg 9 (5,407) 1.02 [0.84–1.25] 0.824 52.8

TrpTrp versus ArgArg 9 (5,407) 1.17 [0.83–1.66] 0.374 29.7

TrpTrp/ArgTrp versus ArgArg 9 (5,407) 1.00 [0.79–1.28] 0.990 56.5

TrpTrp versus ArgArg/ArgTrp 9 (5,407) 1.20 [0.85–1.68] 0.301 10.0

Asians

Trp versus Arg 5 (1,849) 1.18 [0.89–1.57] 0.260 65.3

TrpTrp versus ArgArg 5 (1,849) 1.44 [0.78–2.67] 0.240 50.1

TrpTrp/ArgTrp versus ArgArg 5 (1,849) 1.16 [0.78–1.73] 0.453 72.9

TrpTrp versus ArgArg/ArgTrp 5 (1,849) 1.30 [0.90–1.89] 0.161 27.4

Caucasians

Trp versus Arg 3 (3,329) 0.87 [0.71–1.06] 0.167 0.0

TrpTrp versus ArgArg 3 (3,329) 0.94 [0.35–2.50] 0.900 0.0

TrpTrp/ArgTrp versus ArgArg 3 (3,329) 0.86 [0.69–1.06] 0.155 0.0

TrpTrp versus ArgArg/ArgTrp 3 (3,329) 0.99 [0.39–2.50] 0.984 0.0
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association. However, the associations of other XRCC1 poly-
morphisms with prostate cancer risk are not assessed in the
present meta-analysis, and those associations need further
studies.

However, there were several limitations in the meta-
analysis. Firstly, there were only nine studies with a total of
5,407 subjects that were finally included into the meta-
analysis. The limited number of studies may increase the risk
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Fig. 2 Forest plot for the association between XRCC1 Arg194Trp polymorphism and prostate cancer risk under the homozygote model

NOTE: Weights are from random effects analysis

Overall  (I-squared = 56.5%, p = 0.019)

Hamano T

Mittal RD 2012

Gao R 2010

Mandal RK 2010

van Gils CH 2002

Agalliu I 2010

Agalliu I 2010

ID

Hirata H 2007

Xu Z 2007

Study

1.00 (0.79, 1.28)

2.03 (1.23, 3.36)

1.05 (0.65, 1.68)

0.83 (0.47, 1.48)

1.16 (0.67, 2.01)

0.68 (0.31, 1.51)

0.88 (0.69, 1.12)

0.75 (0.33, 1.72)

OR (95% CI)

1.44 (0.93, 2.23)

0.65 (0.45, 0.95)

100.00

11.15

11.75

9.69

10.20

6.43

17.84

6.09

Weight

12.72

14.12

%

1.298 1 3.36

Fig. 3 Forest plot for the association between XRCC1 Arg194Trp polymorphism and prostate cancer risk under the dominant model
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of bias in the meta-analysis, especially in the subgroup anal-
ysis by race. Thus, more studies with large samples are need-
ed. Secondly, the eligibility criteria for inclusion of cases and
controls were different between the included studies. The
controls in most studies were selected from non-cancer indi-
viduals, while the controls in other studies were from healthy
individuals. Finally, the ORs from most studies were not
adjusted for other confounding factors, such as age and
smoking. It is no doubt that the confounding factors may have
some effects on the association between XRCC1 Arg194Trp
polymorphism and prostate cancer risk. Therefore, studies
with good design are needed in the future, and ORs adjusted
for other confounding factors need reporting.

In conclusion, the meta-analysis suggests that there is no
obvious association between XRCC1 Arg194Trp polymor-
phism and prostate cancer risk. Besides, more studies with
good design and large samples are needed in the future.

Conflicts of interest None
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