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Abstract: Objective: To evaluate the correlation between genetic polymorphisms in x-ray repair cross complementing 
group 1 (XRCC1) and sensitivity to platinum-based chemotherapy drugs in patients with non-small cell lung cancer. 
Methods: Reports published before June 2014 were retrieved from the following databases: China Biology Medicine 
(CBM), China Academic Journal Full-Text Database (CNKI), China Science and Technology Journal Full-Text Database 
(VIP), Wanfang Data, PubMed and Excerpta Medica dataBASE (EMBASE). After extracting the data and evaluating 
the quality, meta-analysis was performed using RevMan5.2 software. Results: A total of 29 studies with 4807 pa-
tients were included. Two polymorphisms (Arg399Gln and Arg194Trp) were analyzed. Meta-analysis showed that 
the efficacy of chemotherapy for patients with the TT genotype [TT vs. CC, OR=1.66, 95% CI (1.30-2.14)] and the CT 
genotype [CT vs. CC, OR=1.62, 95% CI (1.35-1.93)] at codon 194 of the XRCC1 gene was significantly higher than 
that for patients with the CC genotype. The efficacy of chemotherapy for patients with mutant (CT+TT) genotypes 
was significantly higher than for patients with the wild-type (CC) genotype [TT+CT vs. CC, OR=1.63; 95% CI (1.38-
1.92)]. The sensitivity to chemotherapy in patients with the AG genotype at codon 399 of the XRCC1 gene was lower 
than in patients with the GG genotype [AG vs. GG, OR=0.72, 95% CI (0.55-0.92)] in Chinese population. However, we 
did not found this association in Caucasus population. Conclusion: Genetic polymorphisms in the XRCC1 gene are 
correlated with sensitivity to platinum-based chemotherapy in patients with non-small cell lung cancer. 
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Introduction 

Lung cancer is one of the most common malig-
nant tumors, showing the highest mortality 
among cancers in males and the second-high-
est mortality in females [1]. Lung cancer is clas-
sified either as non-small cell lung cancer 
(NSCLC) or as small cell lung cancer (SCLC). 
NSCLC is the most common type of lung can-
cer, accounting for 80%-85% of lung cancer. It 
includes squamous cell carcinoma, adenocar-
cinoma, adenosquamous carcinoma, and large 
cell carcinoma [2]. Chemotherapy is the main 
treatment for advanced NSCLC, and platinum-
based chemotherapy regimens are commonly 
used today. The platinum-based compounds 
can damage DNA by forming intramolecular or 

intermolecular DNA cross-links, thereby caus-
ing the eventual death of tumor cells [3]. 
However, the efficacy of platinum-based che-
motherapy varies largely among different indi-
viduals, and genetic polymorphisms at the x-ray 
repair cross complementing group 1 (XRCC1) 
locus are an important basis for this variation 
[4]. Some studies have found that polymor-
phisms in codons 194 and 399 of XRCC1 can 
play a role in predicting the efficacy of platinum-
based chemotherapy, but the results in these 
reports are inconsistent [5-10]. Recently pub-
lished meta-analyses literatures also did not 
reach the same conclusion [9, 10]. By consider-
ing the influence of different populations and 
ethnic groups on different genetic polymor-
phisms, this study applies the basic principles 
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and methods of evidence-based medicine to 
assess previous studies related to XRCC1 
genetic polymorphisms and the efficacy of plat-
inum-based chemotherapy in advanced NSCLC 
cases in different ethnicity population. This 
work is expected to provide a basis for further 
research on the relationship between XRCC1 
gene polymorphisms and platinum drug ef- 
ficacy. 

Materials and methods 

The inclusion criteria were as follows: the sub-
jects of the study were patients with primary 
NSCLC that was diagnosed by pathology, bron-
choscopy or biopsy; the study investigated the 
relationship between XRCC1 gene polymor-
phisms and the efficacy of platinum-based che-
motherapy for NSCLC; the study was a retro-
spective study; the platinum-based chemother-
apy regimen was administered for at least two 
courses; the original data were already pub-
lished in the literature; and the study used non-
conditional logistic regression to perform cor-
rections for confounding factors of the research 
subjects, such as age, gender, and smoking 
status. The exclusion criteria included the fol-
lowing: the study was on animals or lung cancer 
cell lines; the study examined non-primary lung 
cancer, such as metastatic or recurrent cancer; 
the study addressed small cell lung cancer; the 
study examined non-platinum-based chemo-
therapy programs or chemotherapy programs 
that were administered for less than two cours-
es; the study did not focus on the relationship 
between genetic polymorphisms of XRCC1 and 
the efficacy of platinum chemotherapy for 
NSCLC; the study was a duplicate; and the 
study was an abstract or review. 

Search strategy

The following databases were used: China Bio- 
logy Medicine (CBM, 1978-2014), China Aca- 
demic Journal Full-Text Database (CNKI, 1979-
2014), China Science and Technology Journal 
Full-Text Database (VIP, 1989-2014), Wanfang 
Data, PubMed and EMBASE. Publications were 
jointly retrieved with “lung cancer or lung carci-
noma or lung neoplasms” and “XRCC1 or X-ray 
cross-complementing group 1 or base excision 
repair or BER” and “polymorphisms or SNPs” as 
the searching keywords.

Quality assessment 

Because of limitations imposed by the nature 
of the studies, quality assessment could not be 
achieved using the Jadad scale. Instead, quali-
ty was evaluated by two reviewers according to 
the following quality standards [11]: whether 
the experimental design was scientific; whether 
the basic characteristics of the subjects were 
clear; whether the inclusion and exclusion crite-
ria for the subjects in the study were specified; 
whether the criteria of efficacy were specified; 
whether some cases were deleted and with-
drawn, and if so, whether the number and rea-
son were reported; whether the statistical 
methods were appropriate; and whether bias in 
the study was discussed. Meeting the above 7 
standards earned 1 point each, so that a per-
fect score was 7 points. Publications with a 
score of 4 or more points were considered reli-
able. When disagreement occurred, the dis-
crepancy was discussed to resolve it, or the 
study was submitted to a third consulting evalu-
ator to achieve a resolution.

Statistical analysis

Statistical testing was conducted using Rev- 
Man5.2 software that was provided by the 
Cochrane Collaboration. According to the re- 
sults of a heterogeneity test, an appropriate 
type of statistical model was selected. If no sta-
tistical heterogeneity was found among the 
studies within a group (I2<50%), a fixed-effect 
model was selected for analysis. Conversely, if 
significant heterogeneity was found (I2>50%), 
the sources of the heterogeneity were first ana-
lyzed and ruled out; a random-effect model 
was selected for analysis if the heterogeneity 
could not be ruled out. The difference between 
two categorical variables was presented using 
an OR (odds ratio), with a confidence interval 
(CI) estimate of 95%. The difference between 
continuous variables was presented using the 
weighted mean difference (WMD) with a 95% CI 
estimate; the results were presented in a forest 
plot, and a two-sided test was performed for all 
data. P<0.05 was considered statistically sig- 
nificant. 

Results 

General characteristics and quality assess-
ment of the included studies 

A total of 158 published studies on the relation-
ship between XRCC1 gene polymorphisms and 
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the efficacy of platinum-based chemotherapy 
were retrieved from the literature databa- 
ses. Among them, 106 duplicate studies and 
reviews were excluded on the basis of their 
abstracts. After further reading the full text of 
each study, 23 additional studies were exclud-
ed for not meeting the inclusion criteria. As a 
result, 29 studies were eventually included 
[5-8, 12-37], among which 14 were in Chinese 
and 15 were in English; they cumulatively in- 
cluded 4708 cases. The general characteristics 
of the included studies are shown in Table 1. 
The quality assessment demonstrated that the 
29 included studies had scientific experimental 
designs, clear inclusion and exclusion criteria, 
rational genetic testing methods, and reason-
able efficacy evaluation. 

Polymorphism of Arg194Trp in XRCC1 

A total of 15 studies reported on the relation-
ships between the TT, CT and CC genotypes at 
codon 194 of XRCC1, which can cause Arg- 
194Trp substitution, and sensitivity to plati-
num-based chemotherapy drugs. Heterogeneity 
analysis revealed no statistically significant het-
erogeneity among the results of these studies 
(I2=0%, P=0.78), Therefore, a fixed-effect model 
was used for the meta-analysis. The combined 
OR was 1.66 [95% CI (1.30, 2.14)], as shown in 
Figure 1. The results showed that the chemo-
therapy sensitivity of the patients with the TT 
genotype at codon 194 of XRCC1 was greater 
than that of patients with the CC genotype. The 
chemotherapy sensitivity of patients with the 

Table 1. The characteristics of included studies

Authors Publication  
year Ethnicity N Stages Quality  

Scores
Arg39- 
9G1n

Arg19- 
4Trp Genotyping methods

Dong et al. 2012 Chinese 564 III-IV 5 Yes No PCR-RFLP
Joerger et al., 2012 Caucasian 131 IIIB-IV 7 Yes Yes PCR-RFLP
Sullivan et al. 2014 Caucasian 161 III-IV 7 Yes Yes TaqMan
Zhao et al. 2013 Chinese 147 IIIB-IV 7 Yes Yes TaqMan
Jin ZY et al. 2014 Chinese 378 IIIB-IV 6 Yes Yes PCR-RFLP
Liu D et al. 2014 Chinese 378 IIIB-IV 6 Yes Yes SpectroCHIP microarray
Zhang et al. 2014 Chinese 375 IIIB-IV 6 Yes Yes PCR-RFLP
Liao et al. 2012 Chinese 62 IIIB-IV 5 Yes No PCR-RFLP
Xu CA et al. 2011 Chinese 130 IIIB-IV 4 Yes Yes PCR-RFLP
Zhao W et al. 2011 Chinese 151 IIIB-IV 6 Yes Yes PCR-RFLP
Cheng HY et al. 2011 Chinese 120 IIIB-IV 5 Yes No PCR
Zhou et al. 2011 Chinese 111 IIIB-IV 7 Yes No PCR
Han Y et al. 2011 Chinese 91 IIIB-IV 4 Yes No PCR-RFLP
Li DR et al. 2011 Chinese 89 IIIB-IV 6 Yes No PCR
Ding CL et al. 2010 Chinese 54 IIIB-IV 4 Yes Yes PCR
Qian XP et al. 2010 Chinese 107 IIIB-IV 5 Yes No PCR-RFLP
Ying RB et al. 2010 Chinese 80 IIIB-IV 4 No Yes PCR-RFLP
Sun XC et al. 2009 Chinese 82 IIIB-IV 7 Yes Yes PCR
Hong CY et al. 2009 Chinese 164 III-IV 6 Yes Yes PCR-RFLP
Qiu LX et al. 2009 Chinese 107 IIIB-IV 5 No Yes PCR-RFLP
Song DG et al. 2007 Chinese 97 IIIB-IV 6 Yes Yes PCR-RFLP
Gao CM et al. 2006 Chinese 57 IIIB-IV 5 Yes Yes PCR-RFLP
Jin YW et al. 2006 Chinese 162 IIIB-IV 6 No Yes PCR-RFLP
Yuan P et al. 2006 Chinese 200 IIIB-IV 6 No Yes PCR-RFLP
Wang ZH et al. 2004 Chinese 105 IIIB-IV 6 Yes No
Kalikaki A et al. 2009 Caucasian 119 III- IV 6 Yes No PCR-RFLP
Giachino et al. 2007 Caucasian 248 IIIA- IV 7 Yes Yes PCR-RFLP
de las Penas et al. 2006 Caucasian 135 IIIB-IV 6 Yes Yes PCR-RFLP
Gurubhagavatula et al. 2004 Caucasian 103 IIIB-IV 7 Yes Yes PCR-RFLP
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CT genotype was also greater than that of the 
CC genotype carriers [OR=1.62, 95% CI (1.35-
1.93)], as shown in Figure 2. Overall, the che-
motherapy sensitivity of patients carrying the 

TT or CT genotypes was significantly increased 
compared with patients carrying the wild-type 
CC genotype [OR=1.63, 95% CI (1.38-1.92)], as 
shown in Figure 3. 

Figure 1. Forest plot of Arg194Trp polymorphism of the XRCC1 gene and sensitivity to platinum-based drugs in non-
small cell lung cancer, the horizontal lines correspond to the study-specific OR and 95% CI, respectively. The area 
of the squares reflects the study-specific weight. The diamond represents the pooled results of OR and 95% CI. (TT 
vs. CC).

Figure 2. Forest plot of Arg194Trp polymorphism of the XRCC1 gene and sensitivity to platinum-based drugs in non-
small cell lung cancer, the horizontal lines correspond to the study-specific OR and 95% CI, respectively. The area 
of the squares reflects the study-specific weight. The diamond represents the pooled results of OR and 95% CI (CT 
vs. CC).
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Figure 3. Forest plot of Arg194Trp polymorphism of the XRCC1 gene and sensitivity to platinum-based drugs in 
non-small cell lung cancer, the horizontal lines correspond to the study-specific OR and 95% CI, respectively. The 
area of the squares reflects the study-specific weight. The diamond represents the pooled results of OR and 95% 
CI (CT+TT vs. CC).

Figure 4. Forest plot of Arg399Gln polymorphism of the XRCC1 gene and sensitivity to platinum-based drugs in non-
small cell lung cancer, the horizontal lines correspond to the study-specific OR and 95% CI, respectively. The area 
of the squares reflects the study-specific weight. The diamond represents the pooled results of OR and 95% CI (GG 
vs. AA). A: Chinese population; B: Caucasus population.
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Polymorphism encoding Arg399Gln in XRCC1 

A total of 23 studies reported on the relation-
ships between the AA, AG and GG genotypes at 
codon 399 of XRCC1, which can cause an 
Arg399Gln substitution, and sensitivity to plati-
num-based chemotherapy drugs. Heterogeneity 
analysis revealed no statistically significant het-
erogeneity among the results of these studies 
in Caucasus population (I2=42%, P=0.12), but a 
significant heterogeneity was found in Chinese 
population. Therefore, a fixed-effect model was 
used in Caucasus population and a random-
effect mode was used in Chinese population. 
The results showed that the chemotherapy sen-
sitivity of patients with the AA genotype at 
codon 399 of XRCC1 was not significant differ-
ence compared to that of patients with the GG 
genotype [Chinese population: OR=0.90, 95% 
CI (0.55-1.48); Caucasus population: OR=0.96, 
95% CI (0.59-1.56)], as shown in Figure 4. The 
chemotherapy sensitivities of the AG genotype 
was lower than that of patients with GG geno-

types in Chinese population [OR=0.9, 95% CI 
(0.55-0.92)] but not in Caucasus population 
[OR=0.70, 95% CI (0.45-1.09)], as shown in 
Figure 5. We did not found the chemotherapy 
sensitivities of the mutant (AA+AG) genotypes 
at codon 399 of XRCC1 were different from that 
of the wild-type (GG) genotype [Chinese popula-
tion: OR=0.82, 95% CI (0.56-1.21); Caucasus 
population: OR=0.82, 95% CI (0.54-1.44)] 
Figure 6.

Assessment of publication bias

Assessment of publication bias was conducted 
with a funnel plot prepared by statistical soft-
ware using XRCC1 Arg194Trp (TT vs. CC) and 
XRCC1 Arg399Gln (AA vs. GG) as the examples. 
As shown in Figure 7, the resulting funnel plots 
are basically horizontally symmetric, preliminar-
ily indicating that the existing data of the cur-
rent studies had no significant publication bias 
and that the overall results of the included 
studies are reliable.

Figure 5. Forest plot of Arg399Gln polymorphism of the XRCC1 gene and sensitivity to platinum-based drugs in non-
small cell lung cancer, the horizontal lines correspond to the study-specific OR and 95% CI, respectively. The area of 
the squares reflects the study-specific weight. The diamond represents the pooled results of OR and 95% CI (AG vs. 
AA). A: Chinese population; B: Caucasus population.
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Sensitivity analysis 

In the meta-analysis of the gene polymor-
phisms encoding XRCC1 Arg194Trp and XRCC1 

Arg399Gln and their relationship with sensitiv-
ity to platinum-based chemotherapy, one study 
was retrospectively excluded from the included 
literature, and the integrated effect of the 

Figure 6. Forest plot of Arg399Gln polymorphism of the XRCC1 gene and sensitivity to platinum-based drugs in non-
small cell lung cancer, the horizontal lines correspond to the study-specific OR and 95% CI, respectively. The area of 
the squares reflects the study-specific weight. The diamond represents the pooled results of OR and 95% CI (AG+GG 
vs. AA). A: Chinese population; B: Caucasus population.

Figure 7. Funnel plot for publication bias tests. Each point represents a separate study for the indicated associa-
tion. Log or represents natural logarithm of OR. Vertical line represents the mean effects size. A: Arg194Trp; B: 
Arg399Gln.
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exclusion was assessed. The results showed 
that excluding one study did not significantly 
change the effect, indicating that the assess-
ment results of this system are reliable.

Discussion 

DNA repair gene plays important roles in avoid-
ing genetic mutations and in maintaining the 
stability and integrity of the human genome. 
Studies have shown that genetic polymor-
phisms in DNA repair genes represent one 
important factor creating differences in indi-
vidual sensitivity to platinum-based drugs. The 
pathways for DNA repair mainly include base 
excision repair (BER), DNA double-strand-break 
repair (DDSBR), mismatch repair (MMR), and 
nucleotide excision repair (NER). Among these, 
NER participates in the repair process of plati-
num drug-induced DNA damage, and hence, it 
is closely related to sensitivity to platinum-
based chemotherapy.

The XRCC1 gene is a key gene in the NER path-
way, and the relationship of genetic polymor-
phisms in this gene with sensitivity to platinum-
based chemotherapy has attracted much inter-
est. The C→T point mutation in codon 194 of 
XRCC1 results in a substitution of the encoded 
amino acid (Arg→Trp), which affects the normal 
function of XRCC1 protein and leads to a reduc-
tion in DNA repair capability. However, the find-
ings regarding the correlation between genetic 
polymorphisms at codon 194 of XRCC1 and 
sensitivity to platinum-based chemotherapy 
have not been consistent. Marsh et al. [38] 
found no correlation between genetic polymor-
phisms at codon 194 of XRCC1 and sensitivity 
to platinum-based chemotherapy. A retrospec-
tive study by Kim et al. [39] showed that sensi-
tivity to platinum-based chemotherapy was 
higher for the mutant genotype at codon 194 of 
XRCC1 than for the wild-type genotype. A study 
by Zhao et al [37]. Also found that sensitivity to 
chemotherapy was higher for the mutant geno-
type at codon 194 of XRCC1 than for the wild-
type genotype. The results of the meta-analysis 
in this study showed that the efficacy of chemo-
therapy for patients carrying the mutant TT or 
CT genotypes at codon 194 of the XRCC1 gene 
was significantly higher than that for patients 
with the wild-type CC genotype. A G→A transi-
tion at codon 399 of the XRCC1 gene results in 
a substitution of the encoded amino acid 
(Arg→Gln), which affects the normal function of 

XRCC1 protein. The results of the meta-analy-
sis in this study also showed that the sensitivity 
to chemotherapy in patients with the AG geno-
type at codon 399 of the XRCC1 gene was 
lower than that in the patients with the GG gen-
otype. However, this association was only found 
in Chinese population but not in Caucasus pop-
ulation. Among the 29 included studies, the 
sample size of some studies was too small; the 
experiments were also designed with different 
factors, such as different chemotherapy regi-
mens, test methods, histological type, tumor 
stage, gender, age, and smoking history; there-
fore, the experimental results should be care-
fully evaluated. Meanwhile, more high-quality 
clinical studies are expected to provide high-
quality clinical evidence that will lead to more 
effective treatment options for NSCLC patients.

In conclusion, this meta-analysis clarified that 
the Arg194Trp polymorphism is associated 
with the sensitivity to platinum-based drugs in 
non-small cell lung cancer. However, the het-
erozygotes of Arg399Gln have reduced sensi-
tivity to platinum-based drugs in non-small cell 
lung cancer in Chinese population. We did not 
found any association of Arg399Gln in Cau- 
casus population. 
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