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ABSTRACT. X-ray repair cross complementing group 1(XRCC1) 
polymorphisms have been implicated in interindividual variability of 
efficacy of platinum chemotherapy for treating non-small cell lung cancer 
(NSCLC); however, results of different studies have been inconsistent. 
We conducted a meta-analysis to investigate the association between 
polymorphisms in the XRCC1 gene and response rate of platinum 
chemotherapy in advanced NSCLC patients. Searches were performed 
on MEDLINE, PubMed, EMBASE, Chinese Biological Medicine 
Database, China National Knowledge Infrastructure, and Wangfang 
Data, covering all relevant studies published up to August 1, 2012. 
Statistical analyses were performed using the Revman 5.0 and STATA 
10.0 software. Two polymorphisms, Arg399Gln (G>A) and Arg194Trp 
(C>T), were investigated in 19 studies, involving 2152 advanced NSCLC 
patients. For XRCC1 Arg399Gln, patients carrying two G alleles had a 
significantly increased response rate of platinum chemotherapy, when 
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compared with those carrying the A allele [odds ratio (OR) = 2.05, 95% 
confidence interval CI = 1.62-2.60 for GG vs GA+AA]. Similarly, the 
AA carriers had a 54% decreased response rate compared with the G 
allele carriers (OR = 0.46, 95%CI = 0.30-0.70 for AA vs GA+GG). For 
XRCC1 Arg194Trp, patients carrying two C alleles had a 62% decreased 
response rate compared with those carrying either one or two variant T 
alleles (OR = 0.38, 95%CI = 0.30-0.48 for CC vs CT+TT). However, 
although TT carriers had a better response rate compared with the C 
allele carriers, the difference was not significant (OR = 1.27, 95%CI = 
0.92-1.77 for TT vs CC+CT). Based on this meta-analysis, we conclude 
that XRCC1 polymorphisms are associated with treatment response to 
platinum chemotherapy in advanced NSCLC patients. 

Key words: Lung cancer; XRCC1; Gene polymorphism; Platinum; 
Chemotherapy; Meta-analysis

INTRODUCTION

Non-small cell lung cancer (NSCLC) is the most common type of lung cancer (Jemal 
et al., 2011). Most NSCLC patients are diagnosed with advanced or metastatic disease at 
first presentation, so platinum chemotherapy is still the mainstay of initial treatment for those 
patients. However, treatment effects remain moderate and vary remarkably between individu-
als, with a response rate from 26 to 60% (Bahl and Falk, 2001). Therefore, it is important to 
identify which tumor cells that are sensitive to platinum compounds. 

Platinum induces apoptosis of tumor cells through the formation of cytotoxic plati-
num-DNA adducts that result in the distortion of DNA, destabilization of the double helix, and 
block of DNA replication (Shellard et al., 1993), but DNA repair systems recognize and repair 
various forms of DNA-damage to maintain DNA integrity. There are four major DNA repair 
pathways known: base excision repair (BER), nucleotide excision repair (NER), mismatch 
repair (MMR), and double strand break repair (DSBR) (Wood et al., 2001). Although the NER 
pathway is the major repair mechanism for platinum-DNA adducts, other studies support the 
proposal of overlapping repair pathways involved in alternative repair of platinum adducts, 
such as the BER pathway (Wood et al., 2001; Weaver et al., 2005). X-ray repair cross comple-
menting group 1 (XRCC1) gene, located on chromosome 19q13.2, has long been recognized 
as a key component of the BER pathway, acting as a “scaffold” for the coordination of other 
BER proteins at the sites of base damage during repair (Hoeijmakers, 2001; Whitehouse et 
al., 2001). XRCC1 has also been proposed to be involved in the repair of other types of DNA 
damage caused by platinum, including DNA double-strand breaks (Audebert et al., 2004). 
Additionally, the XRCC1 transcript abundance level has been demonstrated to correlate with 
cisplatin chemoresistance in NSCLC cell lines (Weaver et al., 2005). Therefore, XRCC1 may 
have some relationship with the efficacy of platinum chemotherapy.

Theoretically, genetic polymorphisms in the XRCC1 gene should modulate DNA re-
pair capacity and hence influence the anticancer effect of platinum drugs and reveal platinum 
sensitivity in NSCLC patients. In vitro studies have demonstrated that Arg399Gln polymor-
phisms in the XRCC1 gene is associated with the persistence of DNA adducts (Lunn et al., 
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1999; Duell et al., 2000), increased sister chromatid exchanges (Duell et al., 2000; Abdel-Rah-
man and El-Zein, 2000), and prolonged cell cycle delay (Hu et al., 2001). Many clinical stud-
ies have investigated the association between XRCC1 polymorphisms and treatment response 
to platinum chemotherapy in advanced NSCLC patients, but the results are inconsistent. Be-
cause a single study may lack the power to provide comprehensive and reliable conclusions, 
a systematic review and meta-analysis of all eligible studies was performed to investigate the 
association between XRCC1 polymorphisms and response rate of platinum chemotherapy in 
advanced NSCLC patients. 

MATERIAL AND METHODS

Literature search and study selection

MEDLINE, PubMed, EMBASE, Chinese Biological Medicine Database (CBM), Chi-
na National Knowledge Infrastructure (CNKI), and Wangfang Data were searched to identify 
studies that had investigated the association between XRCC1 polymorphisms and response 
rate of platinum chemotherapy in advanced NSCLC patients. The last updated search was 
performed on August 1, 2012. The broad search terms were: “XRCC1,” “X-ray cross-comple-
menting group 1”, “lung cancer”, “polymorphism”, “platinum”, and “chemotherapy”. No lan-
guage restriction was applied. Search strategies are shown in the Supplementary material.

Duplicate and obviously unrelated articles were removed by a single reviewer (L.L.). 
Relevant studies on XRCC1 polymorphisms and platinum chemotherapy in NSCLC were 
identified. Titles and abstracts of these remaining articles were screened independently by two 
reviewers (L.L. and W.C.) to determine whether the full-text article should be retrieved for fur-
ther assessment. During in-depth full-text review for eligibility, the inclusion criteria were as 
follows: 1) patients had pathologically confirmed advanced, recurrent, or metastatic NSCLC, 
2) platinum chemotherapy served as therapeutic schedule, 3) XRCC1 polymorphisms were 
genotyped, 4) primary outcome was response to chemotherapy, and results were presented by 
stratification of XRCC1 polymorphisms. The following exclusion criteria were also applied: 
1) studies involved several types of lung cancer but not NSCLC alone, 2) neoadjuvant che-
motherapy was involved, 3) other treatment was involved, such as surgery and radiotherapy, 
4) invalid data or critical missing information was not obtained by our repeated contacts with 
the corresponding authors, 5) basic studies including animals and lung cancer cell lines were 
involved. Different opinions were resolved by discussion to reach consensus between the two 
reviewers. 

Quality assessment

Two reviewers (L.L. and C.W.) independently assessed the quality of all included 
studies using the Newcastle-Ottawa Quality Assessment Scale for cohort studies (Wells et 
al., 2003). The eight-item scale is recommended by the Cochrane Non-Randomized Studies 
Methods Working Group (The Cochrane Collaborative Review Group on HIV Infection and 
AIDS, 2009), and composed of three categories: selection, comparability, and outcome. Stars 
are awarded to high-quality elements and are used to compare study quality in a quantitative 
manner. There are four items in the Selection category and three items in the Outcome cat-

http://www.geneticsmr.com/year2014/vol13-2/pdf/gmr2759_supplementary.pdf
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egory; a study can be awarded one star for each item in these categories. There two items in the 
Comparability category and a maximum of two stars can be given for comparability. Studies 
that fulfill 5 or more of the 8 criteria are higher-quality studies (Wells et al., 2003). Disagree-
ment was resolved by consensus. 

Data extraction

Two reviewers (L.L. and C.W.) extracted data from the included studies indepen-
dently. A pre-specified extraction form was used and included the following information: first 
author’s name, year of publication, country, sample size, clinical stage of lung cancer, XRCC1 
polymorphisms, genotyping methods, and type of platinum drugs. Different opinions were 
resolved by consensus.

Statistical methods

In a meta-analysis, a small number of studies weaken the conclusions; therefore, only 
those polymorphisms that had been investigated in at least five studies were included in the 
present study. The genetic models evaluated for these polymorphisms were dominant models 
as well as recessive models if possible.

The endpoints considered in the pooled analyses were response rate. The WHO crite-
ria (Miller et al., 1981) or the Response Evaluation Criteria in Solid Tumors (RECIST) (Ther-
asse et al., 2000) were used to define response, with “complete response” or “partial response” 
classified as “response”, and “stable” or “progressive” disease classified as “non-response”. 
Odds ratio (OR) and the corresponding 95% confidential interval (CI) were calculated to as-
sess the strength of the association between XRCC1 polymorphisms and response rate of plati-
num chemotherapy. The significance of the pooled OR was determined by the Z-test, and P < 
0.05 was considered statistically significant. 

Heterogeneity was assessed by the Q statistic test. P > 0.10 for the Q test indicates a 
lack of heterogeneity between studies. The fixed-effect model was used to estimate the pooled 
OR if absence of heterogeneity was suggested by this test; otherwise, a random-effect model 
was used. Asymmetry of funnel plots was visually inspected to assess potential publication 
bias. The Egger test and Begg test were performed to provide statistical evidence of funnel 
plot asymmetry. To evaluate the ethnicity-specific and platinum drug-specific effects, sub-
group analyses were performed for both polymorphisms if they were investigated in a suf-
ficient number of studies.

All statistical analyses were performed using the Revman5.0 software and STATA10.0 
software.

RESULTS

Studies included in the meta-analysis

Sixty-three relevant papers were identified, and after screening titles and abstracts, 
39 publications were selected for full-text review. An additional 20 articles were excluded. 
Four reported survival and prognosis, six did not report treatment or use platinum chemo-
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therapy as treatment, two were neoadjuvant chemotherapy, two reported XRCC1 polymor-
phisms and toxicity of cisplatin-based chemotherapy, one reported XRCC1 polymorphisms 
and risk of lung cancer, one reported on T-77C polymorphism, one was a SCLC study, two 
presented data for both NSCLC and SCLC but not NSCLC alone, and one did not report 
usable data with authors being unreachable. Therefore, the final data pool consisted of 19 
studies (Wang et al., 2004; Yuan et al., 2006; Gao et al., 2006; Jin et al., 2006; Song et al., 
2007a,b; Fan et al., 2008; Hong et al., 2009; Sun et al., 2009; Qiu et al., 2009; Kalikaki et 
al., 2009; Yao et al., 2009; Qian et al, 2010; Ding et al., 2010; Zhou et al., 2011a,b; Cheng 
et al., 2011; Xu et al., 2011; Li et al., 2012), including 2152 stage III/IV NSCLC patients. 
The groups of both Zhou and Song had investigated XRCC1 polymorphisms and treatment 
response to platinum chemotherapy in two independent populations with separate analyses 
of the data, so these data produced four independent studies (Duell et al., 2000; Abdel-
Rahman and El-Zein, 2000) (Song et al., 2007a,b; Zhou et al., 2011a,b). Information about 
this search process is illustrated in a flow chart in Figure 1. The characteristics of each study 
are shown in Table 1.

Figure 1. Flow chart of study selection.
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Only two polymorphisms, Arg399Gln (exon 10, base G>A) and Arg194Trp (exon 
6, base C>T) were finally included in the meta-analyses, while other polymorphisms such 
as Arg280His (exon 9, G>A) and -77T/C were excluded because of insufficient numbers of 
studies on each polymorphism. There were 15 studies on Arg399Gln (G>A) and 11 studies on 
Arg194Trp (C>T). The genetic models evaluated for these two polymorphisms were dominant 
models (GG vs AA+GA for Arg399Gln and CC vs TT+CT for Arg194Trp) as well as recessive 
models (AA vs GA+GG for Arg399Gln and TT vs CT +CC for Arg194Trp). 

Quality assessment

We used the Newcastle-Ottawa Quality Assessment Scale to perform the quality as-
sessment on all 19 studies. The studies included in this meta-analysis scored highly (Table 2). 
However, no study had compared baseline characteristics to assess comparability, because 
patients were grouped according to their XRCC1 polymorphisms.

Quantitative data synthesis

XRCC1 Arg399Gln (G>A) polymorphism

Fifteen studies reported the association between XRCC1 Arg399Gln polymorphism 
and response rate of platinum chemotherapy in advanced NSCLC patients (Table 3). However, 

First	 Year of	 Country	 Sample	 Clinical	 XRCC1	 Genotyping	 Type of
author	 publication		  size	 stage	 polymorphisms	 methods	 platinum

Zhou F	 2011b	 China	 111	 IV	 XRCC1Arg399Gln	 PCR	 DDP, CBP
Zhou F	 2011a	 China	   94	 IIIB-IV	 XRCC1Arg399Gln	 PCR	 DDP
Song DG	 2007a	 China	 166	 IIIB-IV	 XRCC1Arg194Trp	 PCR-RFLP	 DDP
Song DG	 2007b	 China	   97	 IIIB-IV	 XRCC1Arg194Trp
					     XRCC1Arg399Gln	 PCR-RFLP	 DDP, CBP
Li DR	 2011	 China	   89	 III-IV	 XRCC1Arg399Gln	 PCR	 DDP
Hong CY	 2009	 China	 164	 III-IV	 XRCC1Arg194Trp
					     XRCC1Arg399Gln	 PCR-RFLP	 DDP
Wang ZH	 2004	 China	 105	 IIIB-IV	 XRCC1Arg194Trp
					     XRCC1Arg399Gln	 PCR-RFLP	 DDP, CBP
Sun XC	 2009	 China	   87	 IV	 XRCC1Arg194Trp
					     XRCC1Arg399Gln	 PCR	 DDP, CBP
Jin YW	 2006	 China	 162	 IIIB-IV	 XRCC1Arg194Trp	 PCR-RFLP	 DDP, CBP
Qian XP	 2010	 China	 107	 IIIB-IV	 XRCC1Arg399Gln	 PCR-RFLP	 Platinum
Gao CM	 2006	 China	   57	 II-IV(II=1)	 XRCC1Arg194Trp
					     XRCC1Arg399Gln	 PCR-RFLP	 DDP
Ding CL	 2010	 China	   54	 IIIB-IV	 XRCC1Arg194Trp
					     XRCC1Arg399Gln	 PCR	 DDP, CBP
Yuan P	 2006	 China	 200	 IIIB-IV	 XRCC1Arg194Trp	 PCR-RFLP	 DDP, CBP
Qiu LX	 2009	 China	 107	 III-IV	 XRCC1Arg194Trp	 PCR-RFLP	 DDP, CBP
Cheng HY	 2011	 China	 120	 III-IV	 XRCC1Arg399Gln	 PCR	 DDP, CBP
Kalikaki A	 2009	   Greece	 119	 III- IV	 XRCC1Arg399Gln	 PCR-RFLP	 DDP
Yao CY	 2009	 China	 102	 IIIB-IV	 XRCC1Arg399Gln	 PCR-RFLP	 DDP, CBP
Fan H	 2008	 China	   81	 IIIB-IV	 XRCC1Arg399Gln	 PCR-RFLP	 Platinum
Xu CA	 2011	              China (Asian)	 130	 IIIB-IV	 XRCC1Arg194Trp
					     XRCC1Arg399Gln	 PCR-RFLP	 DDP, CBP

Table 1. Characteristics of studies included in the meta-analysis.

PCR = polymerase chain reaction; PCR-RFLP = polymerase chain reaction-restriction fragment length 
polymorphism; XRCC1 = x-ray repair cross complementation group 1; DDP = cisplatin; CBP = carboplatin.
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4 studies presented data in the dominant model (GG vs AA+GA) alone (Table 3A), 2 studies 
only in the recessive model (AA vs GA+GG) (Table 3B), and the remaining 9 studies by geno-
types of AA, GA, and GG, separately (Table 3C). Thus, we first estimated the association of 
13 studies in the dominant model, and then 11studies in the recessive model. 

Studies	 Selection (stars)	 Comparability (stars)	 Outcome (stars)	 Total (stars)

Zhou F (2011a)	 4	 0	 3	 7
Zhou F (2011b)	 4	 0	 3	 7
Song DG (2007a)	 4	 0	 3	 7
Song DG (2007b)	 4	 0	 3	 7
Li DR (2012)	 4	 0	 3	 7
Hong CY (2009)	 4	 0	 3	 7
Wang ZH (2004)	 4	 0	 3	 7
Sun XC (2009)	 3	 0	 3	 6
Jin YW (2006)	 4	 0	 3	 7
Qian XP (2010)	 4	 0	 3	 7
Gao CM (2006)	 4	 0	 3	 7
Ding CL (2010)	 4	 0	 3	 7
Yuan P (2006)	 4	 0	 3	 7
Qiu LX (2009)	 4	 0	 3	 7
Cheng HY (2011)	 4	 0	 3	 7
Kalikaki A (2009)	 3	 0	 3	 6
Yao CY (2009)	 4	 0	 3	 7
Fan H (2008)	 4	 0	 3	 7
Xu CA (2011)	 4	 0	 3	 7

Table 2. Quality of studies included in the meta-analysis.

C.

Studies	                                               A/A		                                               G/A		                                        G/G

	 Response	 Non-response	  Total	 Response	 Non-response	 Total	 Response	 Non-response	 Total

Sun XC (2009)	 1	   3	   4	   8	 22	 30	 14	 39	 53
Wang ZH (2004)	 2	   8	 10	   9	 33	 42	 22	 31	 53
Hong CY (2009)	 3	 10	 13	 28	 53	 81	 26	 44	 70
Song DG (2007b)	 1	   4	   5	 11	 29	 40	 18	 34	 52
Gao CM (2006)	 0	   3	   3	   8	 15	 23	 11	 20	 31
Qian XP (2010)	 2	   6	   8	 14	 26	 40	 32	 27	 59
Ding CL (2010)	 3	 10	 13	   4	   6	 10	 18	 13	 31
Cheng HY (2011)	 5	 10	 19	   9	 44	 53	 21	 27	 48
Xu CA (2011)	 0	 10	 10	 14	 40	 54	 30	 36	 66

Table 3. Association between XRCC1 Arg399Gln polymorphism(G>A) and response rate of platinum 
chemotherapy.

A. Four studies reporting response rate for the dominant model alone; B. Two studies reporting response rate only 
for the recessive model; C. Nine studies reporting response rate by genotypes of AA, GA, and GG separately.

A.
Studies		  G/G 		                                                             G/A+A/A
	 Response	 Non-response	  Total	 Response	 Non-response	 Total

Zhou F (2011)	 29	 42	 71	   6	 34	 40
Kalikaki A (2009)	 11	 21	 33	 26	 60	 86
Li DR (2012)	 20	 24	 44	   6	 39	 45
Zhou F (2011a)	 19	 33	 52	 11	 31	 42
B.
Studies	                                                         A/A			                                                             G/A+G/G
	 Response	 Non-response	  Total	 Response	 Non-response	 Total

Yao CY (2009)	   9	 48	 57	 13	 32	 45
Fan H (2008)	 13	 32	 45	 16	 20	 36
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Figure 2. Forest plot of studies on the association between XRCC1 Arg399Gln polymorphism and response rate of 
platinum chemotherapy in advanced NSCLC patients, using the dominant model (GG vs GA+AA).

G/G vs G/A A/A for the dominant model

Thirteen studies on XRCC1 Arg399Gln polymorphism in the dominant model (GG vs 
GA+AA) were included in the meta-analysis.

As shown in Figure 2, we analyzed the heterogeneity of the dominant model for all 13 
studies, and the value of χ2 was 16.16 with 12 degrees of freedom and P = 0.18 in a fixed-effect model. 
Additionally, I2, another index of heterogeneity, was 26%, suggesting mild heterogeneity. Thus, we 
chose the fixed-effect model to synthesize the data. The overall OR for GG genotypes versus GA+AA 
genotypes was 2.05 (95%CI = 1.62-2.60), and the Z-test for overall effect was 5.92 (P < 0.00001). 
These results suggested that patients carrying two G alleles (GG) had a significantly higher response 
rate of platinum chemotherapy when compared with those carrying the A allele (GA+AA).

A/A vs G/A G/G for the recessive model

Eleven studies on XRCC1 Arg399Gln polymorphism in the recessive model (AA vs 
GA+GG) were included in the meta-analysis. 

As shown in Figure 3, we analyzed the heterogeneity of the recessive model for all 11 
studies, and the value of χ2 was 3.86 with 10 degrees of freedom and P = 0.95 in a fixed-effect 
model. Additionally, I2 was 0%, suggesting absence of heterogeneity. Therefore, we used the 
fixed-effect model to synthesize the data. The pooled OR for AA genotype versus the wide-
type GG and heterozygous GA genotype was 0.46 (95%CI = 0.30-0.70), and the Z-test for 
overall effect was 3.63 (P = 0.0003). These results suggested that the AA carriers had a 54% 
lower response rate compared with the G allele carriers (GA+GG).

XRCC1 Arg194Trp (C>T) polymorphism

Eleven studies reported the association between XRCC1 Arg194Trp polymorphism 
and response rate of platinum chemotherapy in advanced NSCLC patients (Table 4). Because 
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Figure 3. Forest plot of studies on the association between XRCC1 Arg399Gln polymorphism and response rate of 
platinum chemotherapy in advanced NSCLC patients, using the recessive model (AA vs GA+GG).

all studies presented data by genotypes of TT, CT, and CC separately, we estimated the asso-
ciation of all 11 studies both in the dominant model and recessive model.

C/C vs C/T T/T for the dominant model

As shown in Figure 4, P value was 0.77 and I2 was 0% for the heterogeneity of 
the dominant model for all 11 studies. Overall OR was 0.38 with 95%CI of 0.30-0.48 (P < 
0.00001). The results suggested that patients carrying two C alleles (CC) had a 62% lower 
response rate compared with those carrying either one or two variant T alleles (CT+TT).

T/T vs C/T C/C for the recessive model

As shown in Figure 5, P value was 0.70 and I2 was 0% for the heterogeneity of the 
recessive model for all 11 studies. Overall OR was 1.27 with 95%CI of 0.92-1.77. The re-

Published studies		  T/T 			   C/T			   C/C

	 Response	 Non-response	  Total	 Response	 Non-response	 Total	 Response	 Non-response	 Total

Sun XC (2009)	   5	   6	 11	 18	 19	 37	   8	 31	 39
Wang ZH (2004)	   3	 11	 14	 19	 18	 37	 11	 43	 54
Hong CY (2009)	   7	 11	 18	 31	 42	 73	 19	 54	 73
Song DG (2007b)	   3	   9	 11	 19	 22	 41	   8	 37	 45
Jin YW (2006)	 10	 14	 24	 35	 25	 60	 27	 51	 78
Gao CM (2006)	   2	   2	   4	 12	 11	 23	   5	 25	 30
Yuan P (2006)	 10	 13	 23	 38	 46	 84	 24	 69	 93
Ding CL (2010)	   4	   3	   7	   9	 10	 19	 12	 16	 28
Qiu LX (2009)	   7	   6	 13	 27	 23	 50	 14	 30	 44
Song DG (2007a)	   4	 12	 16	 34	 32	 66	 14	 70	 84
Xu CA (2011)	 18	 18	 36	 14	 26	 40	 12	 42	 54

Table 4. Association between XRCC1 Arg194Trp(C>T) polymorphism and response rate of platinum 
chemotherapy.

Eleven studies reporting response rate by genotypes of TT, CT, and CC separately.
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sults showed that TT carriers had a better response rate compared with the C allele carriers 
(CC+CT). However, the Z-test for overall effect was 1.44 and P was 0.15, suggesting the dif-
ference was not significant.

Figure 4. Forest plot of studies on the association between XRCC1 Arg194Trp polymorphism and response rate of 
platinum chemotherapy in advanced NSCLC patients, using the dominant model (CC vs CT+TT).

Figure 5. Forest plot of studies on the association between XRCC1 Arg194Trp polymorphism and response rate of 
platinum chemotherapy in advanced NSCLC patients, using the recessive model (TT vs CT+CC).

Subgroup analyses

Because the majority of the studies were from Asia and only one from Europe (Table 
1), subgroup analyses by ethnicity were not performed. Because most of the included studies 
used mixed platinum drugs rather than one specific platinum drug (Table 1), subgroup analysis 
by the type of platinum was not performed.
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Publication bias

The funnel plots were symmetrical, and neither the Egger test nor Begg test indicated any 
significant publication bias (all P > 0.05) for two polymorphisms in both dominant and recessive 
models. The results suggested a lack of publication bias in the current meta-analysis (Figures 6-9).

Figure 6. Begg’s funnel plot for publication bias in selection of studies on the XRCC1 Arg399Gln polymorphism, 
using the dominant model.

Figure 7. Begg’s funnel plot for publication bias in selection of studies on the XRCC1 Arg399Gln polymorphism, 
using the recessive model.
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Figure 9. Begg’s funnel plot for publication bias in selection of studies on the XRCC1 Arg194Trp polymorphism, 
using the recessive model.

Figure 8. Begg’s funnel plot for publication bias in selection of studies on the XRCC1 Arg194Trp polymorphism, 
using the dominant model.

DISCUSSION

With a pooled dataset of 2152 advanced NSCLC patients, we found that patients carry-
ing two G alleles (GG) in the XRCC1 Arg399Gln polymorphism exhibited a higher probability 
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of response to platinum chemotherapy than those carrying the A allele (GA+AA). Similarly, 
the AA carriers were less likely to experience response compared with the G allele carriers 
(GA+GG). As for the XRCC1 Arg194Trp polymorphism, patients carrying two C alleles (CC) 
had a significantly lower response rate compared with those carrying either one or two vari-
ant T alleles (CT+TT). Therefore, we concluded that both XRCC1 Arg399Gln and Arg194Trp 
polymorphisms were significantly associated with response rate to platinum chemotherapy in 
advanced NSCLC patients, suggesting that these variants may be predictive factors for treat-
ment response to platinum chemotherapy in NSCLC.

Inconsistent with our results, Horgan et al. reported that NSCLC patients with the GA/
AA genotypes in the XRCC1 Arg399Gln polymorphism exhibited a higher probability of re-
sponse to platinum-based treatment compared to those with the G/G genotype in their a de-
scriptive review (Horgan et al., 2011). However, after carefully double-checking their reports, 
we believe that the incorrect use of the Revman software led to the wrong interpretation of the 
results and conclusion that they drew. A past convention in the Revman software has been that 
dichotomous outcomes focus on unfavorable outcomes such as mortality, and effect estimates to 
the left of the vertical line in a forest plot imply a benefit of the experimental intervention, so a 
default value to the left of the vertical line is “favors treatment” and the right is “favors control”. 
However, it is not universally appropriate. When dichotomous outcomes are favorable outcomes 
such as effective rate, default value to the left of the vertical line should be changed to “favors 
control” and the right to “favors treatment”. Fortunately, a significant favorable association with 
the G alleles in the XRCC1 Arg399Gln polymorphism was also confirmed after interpretation 
correction.

A recent meta-analysis by Cui et al. (2012) also found a significant association of 
XRCC1 polymorphisms with platinum response in NSCLC patients, but the results were pre-
sented only in the dominant model. Because the biologic effect of the XRCC1 on platinum 
drug action is inconclusive, the results not presented in both recessive and dominant models 
could cause some bias in estimates. In addition, quality assessment of the included studies 
was not performed, although bias can be caused by the quality of the underlying research, 
such as key components of study design. Therefore, our study sought to improve on several 
methodological factors. Chiefly, we evaluated associations with the treatment response both 
in the dominant model (GG vs AA+GA for Arg399Gln and CC vs TT+CT for Arg194Trp) as 
well as recessive models (AA vs GA+GG for Arg399Gln and TT vs CT+CC for Arg194Trp). 
In addition, we used the Newcastle-Ottawa Scale to perform the quality assessment on all 19 
studies, and all studies included in this meta-analysis scored highly.

There were several limitations that should be considered when interpreting the present 
results. First, the majority of studies had been conducted in Asian populations, and subgroup 
analyses by ethnicity were not performed because lack of sufficient number of studies, which 
could limit the generalizability of the findings to other patient populations. However, it is 
unlikely to change our major conclusions due to the absence of or mild heterogeneity in our 
pooled analysis, and our results reflected the most current state of this issue in research and 
clinical practice. Second, stratified analyses by some important clinical parameters, such as 
smoking history and chemotherapy agents, would be helpful to reduce the heterogeneity and 
provide additional useful information. However, few of these studies reported these data by 
subgroups, thus making such analyses impossible.

In conclusion, this meta-analysis suggested that polymorphisms in the XRCC1 gene 
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were significantly associated with response rate of platinum chemotherapy in advanced 
NSCLC patients. XRCC1 polymorphisms may be predictive factors for treatment response to 
platinum chemotherapy in NSCLC. However, future studies should seek to extend these find-
ings to the complex mechanisms of platinum resistance.
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