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This study aims to investigate the prognostic role of XRCC1 and XRCC3 in non-small cell lung cancer 
(NSCLC) patients treated with chemotherapy. A total of 256 were consecutively selected between 
January 2003 to November 2006, and all patients were followed-up until November 2011. The genotyping 
of XRCC1 Arg194Trp, XRCC1 Arg399Gln and XRCC3 Thr241Met was analyzed by duplex 
polymerase-chain-reaction method. Individuals carrying XRCC1 399Gln/Gln genotype had a longer 
survival time, and lowered the risk of death from NSCLC (hazard ratio (HR)=0.32, 95% confidence interval 
(CI)=0.12 to 0.91). Patients with XRCC1 194Trp/Trp showed a longer survival time, and had a 0.29 fold 
decreased risk of death than those with Arg/Arg genotype (HR=0.71, 95% CI=0.51 to 1.14). For XRCC3 
Thr241Met, the variant genotype Met/Met was non-significantly associated with a decreased risk of death 
from NSCLC when compared with Thr/Thr genotype, with the HR (95% CI) of 0.68 (0.23 to 1.25). This 
study conducted in a Chinese population indicated XRCC1Arg399Gln gene has a role in modifying the 
effect of platinum-based chemotherapy for NSCLC patients. 
 
Key words: X-ray repair cross complementing protein 1, x-ray repair cross complementing protein 3, non-small 
cell lung cancer (NSCLC), chemotherapy. 

 
 
INTRODUCTION 
 
Lung cancer is one of the most common cancers 
worldwide, and it is the leading cause of cancer-related 
deaths for both men and women in the industrialized 
world (IARC, 2008). Lung cancer is the leading death 
cause in Chinese populations (IARC, 2008). It is reported 
that the role of genetic susceptibility in lung cancer is 
indicated by studies showing increased risk of lung cancer 
in relatives of patients with the disease (Kiyohara et al., 
2004; Lichtenstein et al., 2000). More than 80% of the 
lung cancer patients were non-small cell lung cancer 
(NSCLC), and almost 65% are diagnosed in advanced 
stages due to the asymptomatic nature of early disease 
and lack of effective screening modalities (William et  al.,  
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2009). Since curative surgery is not the optional treatment 
for advanced NSCLC, the chemotherapy is used as the 
standard treatment for advanced NSCLC patients. The 
first line chemotherapy regimens were platinum-based 
method with cisplatin or carboplatin (Azzoli et al., 2010). 
However, NSCLC patients with similar clinical charac- 
teristics showed different response to standard platinum- 
based regimens, and this inter-individual difference in 
susceptibility may be attributed to genetic polymorphisms 
in critical genes, including those involved in DNA repair 
(Spitz et al., 2003).  

The X-ray cross-complementing group 1 (XRCC1) 
proteins have important functions in the base excision 
repair pathway. The most common polymorphism of the 
XRCC1 gene, XRCC1 Arg399Gln is believed to affect the 
BER protein complex assembly and repair efficiency 
(Masson et al., 1998; Lunn et al., 1999). Carriers  of  the  

http://www.ncbi.nlm.nih.gov/pubmed/19362955


3202          Afr. J. Pharm. Pharmacol. 
 
 
 
variant XRCC1 399Gln allele have been reported to be 
associated with an increased risk of various cancers 
including lung cancer (Divine et al., 2001; Misra et al., 
2003; Park et al., 2002). It was also reported that enhan- 
ced DNA repair capacity is further a critical mechanism of 
resistance to platinum-based chemotherapy that leads to 
the removal of cisplatin-DNA adducts, and XRCC1 
399Gln allele was related with decreased risk of various 
cancers (Bianchino et al., 2011; Tahara et al., 2011). 

The XRCC3 proteins are involved in the homologous 
recombination repair pathway, responsible for DNA 
double strand break repair. The XRCC3 is located on 
chromosome 14q32 and NBS1 on chromosome 8q21. 
XRCC3 is repaired for accumulation of RAD51 protein at 
the sites of DNA damage (Forget et al., 2004). Reported 
associations between the XRCC3 Thr241Met poly- 
morphism and cancer risk are inconsistent, and the 
variant XRCC3 241Met allele has been both positively 
and negatively associated with various cancer (Jacobsen 
et al., 2004; Wang et al., 2003; Misra et al., 2003). 
Previous study also reported that XRCC3 polymorphisms 
could influence the survival of NSCLC (Wu et al., 2012; 
Liao et al., 2012). However, study regarding the influence 
of combination XRCC1 and XRCC3 gene polymorphisms 
on survival of NSCLC is lacking. 

Therefore, only analysis of single polymorphism is 
difficult to explain its role in altering the extent of a 
physiologic or pathologic phenotype. We conducted a 
prospective analysis on the role of these genes in the 
survival of NSCLC treated with platinum-based 
chemotherapy. 
 
 
METHODOLOGY 
 
This study was a prospective study. 256 lung cancer patients were 
recruited during January 2003 and November 2006 in our hospital. 
Patients were asked to participate in the study after being diagnosed 
with NSCLC, and they were histopathologically confirmed. Patients 
had a prior history of malignancy, or an already cured tumor, 
previous chemotherapy, radiotherapy or surgery was excluded.  

All the patients had received platinum-based chemotherapy as 
the first line treatment. The chemotherapy regimen included cisplatin 
(DDP) 75 mg/m

2
 on day 1; carboplatin (CBP) area under the curve 

(AUC) = 4 to 5 g on day 1; docetaxel (DOC) 75 mg/m
2
 on day 1 (kept 

for 1 h); gemcitabine (GEM) 1,250 mg/m
2
 on day 1 and day 8; 

vinorelbine (NVB) 25 mg/m
2
 on day 1 and day 8; pemetrexed (PEM) 

500 mg/m
2
 on day 1. All chemotherapeutic drugs were given 

intravenously, and the treatment cycles were repeated every 3 to 4 
weeks.  

 
 
Clinical evaluation 

 
All patients were followed every month with telephone until death or 
the end of the study period. The overall survival was the end point. 
Patient’s response to treatment was determined after 2 to 3 cycles 
according to the Response Evaluation Criteria in Solid Tumors 
(RECIST) criteria (Therasse et al., 2000).  

Survival time was calculated from the date of diagnosis to the 
date of last follow-up and death from any causes. All the patients 
were followed up until November 2011.  

 
 
 
 
DNA isolation and genotyping 
 
Two milliliters of peripheral whole blood samples were obtained from 
each patient before chemotherapy for DNA isolation and genotype 
determination. Genomic DNA was extracted using a Qiagen Blood 
Kit (Qiagen, Chastworth, CA) according to the manufacturer’s 
protocol. The XRCC1 Arg194Trp (rs1799782), XRCC1 Arg399Gln 
(rs25487) and XRCC3 Thr241Met (rs861539) genotyping were 
performed by duplex polymerase-chain-reaction with the 
confronting-two-pair primer (PCR-CTPP) method. Polymerase chain 
reaction (PCR) condition of the three single nucleotide poly- 
morphisms (SNPs) were initial denaturation at 95°C for 5 min 
followed by 35 cycles of 94°C for 30 s, 58.5°C for 25 s, and 72°C for 

30 s. Final extension was done at 72°C for 5 min. 
 
 
Statistical analysis 

 
Statistical analysis was performed using Statistical Package for 
Social Sciences (SPSS) Software, Version 13.0 (SPSS Inc., 
Chicago, IL, USA). The descriptive data for the major characteristics 
of the study groups were expressed as mean and percent. 

Pearson’s 2×2 
2
-test (gender) and independent sample t-test 

(mean age) were used for analyzing the differences of several 
qualitative and quantitative data. The relative risk [hazard ratio (HR)] 
and 95% confidence interval (CI) were calculated with the Cox 
regression model for all significant predictors from cancer diagnosis 
to the endpoint of the study (event). A primary death from NSCLC 
was defined as a failure event, and the survival time was defined as 
the time between diagnosis and death. The cause of death was 
defined by specialists based on clinical documents and reports by 

patients’ family members. If a patient died from a cause other than 
NSCLC, his/her data will be censored at the date of death. Statistical 
significance was set at P<0.05 and all tests were two-sides. 

 
 
RESULTS 
 

All patients were followed-up until their death and the end 
of November 2011. The median follow-up of all patients 
were 31.8 months. During the follow-up, 104 patients died 
from NSCLC or other diseases. The basic clinical 
characteristics of included patients are shown in Table 1. 
The mean age of patients was 56.7±4.7 years, and almost 
all of the patients were males. Most of the NSCLC were 
adenocarcinoma cancer, and only 11% were large cell 
lung cancer. The stage III and IV accounted for 63.9% of 
all the patients.  

Patients that had large-cell and squamous cell lung 
cancer had significantly longer survival (P<0.05), and 
patients with stage III and IV had significantly shorter 
survival (P<0.05). 

Table 2 showed the association of three SNPs with 
NSCLC prognosis. Patients with XRCC1 194Trp/Trp and 
Trp allele showed a longer survival time, and had a 0.29 
and 0.17 fold decreased risk of death than those with 
Arg/Arg genotype (HR=0.71, 95% CI=0.51 to 1.14). No 
significant difference was found. Individuals carrying 
XRCC1 399Gln/Gln genotype had a longer survival time, 
and lowered the risk of death from NSCLC (HR=0.32, 
95%CI=0.12 to 0.91) (Figure 1). However, no significant 
association was found between Gln allele and NSCLC. 
For XRCC3 Thr241Met, the variant genotype Met/Met and
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Table 1. Clinical characteristics of the NSCLC patients. 
 

Characteristic 
Patients 

(N=256) 
% 

 Patients death 

(N=104) 
% 

 Five-year 
survival rate (%) 

P 
value 

Age 
 

  
 

    

Mean age (years) 57.4±5.3 -  63.7±7.1 -  - - 

  
  

 
    

Sex 
 

  
 

    

Male 183 71.5  76 73.5  58.2 
0.32 

Female 73 28.5  28 26.5  62.2 

  
  

 
    

Histology of cancer 
 

  
 

    

Adenocarcinoma 162 63.4  72 72.3  53.7 

<0.05 Squmous-cell 67 26.3  20 19.6  69.7 

Large-cell 26 10.3  12 8.1  68.1 

  
  

 
    

Stage 
 

  
 

    

I 15 5.7  6 6.2  55.8 

<0.05 
II 78 30.4  28 26.5  64.6 

III 70 27.5  27 25.5  62.3 

IV 93 36.4  43 41.8  53.3 

 
 
 
Met allele was non-significantly associated with a decrea- 
sed risk of death from NSCLC when compared with 
Thr/Thr genotype, with the HR (95% CI) of 0.68 (0.23 to 
1.25) and 0.80 (0.42 to 1.37), respectively.  
 
 
DISCUSSION 
 
In this study, we assessed three common polymorphisms 
of the XRCC1 Arg194Trp, XRCC1Arg399Gln and XRCC3 
Thr241Met and determined their association to overall 
survival to platinum-based chemotherapy in NSCLC 
patients. We have shown that individuals carrying XRCC1 
399Gln/Gln genotype had a longer survival time, and 
lowered the risk of death from NSCLC. 

It is still unclear how the change of amino acid at codon 
399 of the XRCC1 gene polymorphism influences clinical 
outcome to platinum-based chemotherapy in NSCLC 
patients. One possible reason might be the decrease of 
DNA repair capacity. XRCC1 is thought to be involved in 
DNA single-strand break repair, and it also plays an 
important role in the BER pathway (Brem and Hall, 2005; 
Nazarkina et al., 2007). The SNP in codon 399 was 
considered to be related to the DNA repair and was likely 
to exhibit an effect on the protein function (Savas et al., 
2004). Previous studies reported that XRCC1-399 was 
related with the risk of various cancers, including colo- 
rectal cancer, gastric cancer and prostate cancer (Stern et 
al., 2006; Huang et al., 2005; Hirata et al., 2007). In 
additional, several studies reported improved survival for 

patients with XRCC1-399 Gln allele receiving 
chemotherapy, including breast cancer, esophageal 
cancer and gastric cancer (Bewick et al., 2006). Tahara et 
al., 2011). Only five recent studies have been published, 
supporting the pharmacogenetic role of XRCC1-399 
polymorphism in NSCLC patients (Liao et al., 2012; Li et 
al., 2011; de et al., 2006). However, the results of these 
studies are inconsistent. Two studies indicated that 
XRCC1-399 Gln allele were significantly association with 
a better prognosis of NSCLC (Liao et al., 2012; de et al, 
2006). However, no significant association was observed 
between XRCC1 codon 399 and chemotherapy related 
toxicities (Li et al., 2011). In this study, it was reported that 
XRCC1Arg399Gln was involved in the platinum-based 
chemotherapy of NSCLC patients. The inconsistence of 
these results may be induced by the difference in 
selection of cases, ethnicities, sample size and clinical 
situations. Therefore, further large sample studies are 
warranted to explore the relationship between XRCC1 
codon 399 and prognosis of NSCLC.  

There are two limitations in this study. Firstly, less than 
300 patients were included in the study. This small sample 
size would limit the statistical power to find the difference. 
Secondly, the study included cases from one hospital, 
which might induce selection bias in the study.  

Conclusively, this study conducted in a Chinese 
population indicated that XRCC1Arg399Gln gene has a 
role in modifying the effect of platinum-based chemothe- 
rapy for NSCLC patients. These XRCC1Arg399Gln could 
be used as a surrogate marker of  clinical  outcome  in  
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Table 2. Associations between three SNPs and NSCLC prognosis. 
 

Genotype 

No. of 
patients 

(N=256) 

% 

Patient 
deaths 

(N=104) 

% 
Five-year 
survival 
rate (%) 

HR (95% CI) HR (95% CI)
1
 

XRCC1 Arg194Trp        

Arg/Arg 166 64.9 74 71.2 55.4 - - 

Arg/Trp 58 22.5 21 20.6 62.8 0.82 (0.44-1.48) 1.13 (0.71-2.03) 

Trp/Trp 32 12.6 9 8.2 72.1 0.63 (0.25-1.44) 0.71 (0.51-1.14) 

Trp alle 90 35.1 30 28.8 66.7 0.74 (0.43-1.26) 0.83 (0.55-1.18) 

        

XRCC1Arg399Gln        

Arg/Arg 131 51.2 61 58.6 53.5 - - 

Arg/Gln 94 36.9 37 35.3 61.1 0.85 (0.50-1.41) 0.64 (0.56-1.14) 

Gln/Gln 30 11.9 6 6.1 79.2 0.43 (0.14-1.13) 0.32 (0.12-0.91) 

Gln allele 124 48.8 43 41.4 65.3 0.74(0.45-1.21) 0.64 (0.21-1.04) 

        

XRCC3 Thr241Met        

Thr/Thr 110 42.8 48 46.6 55.8 - - 

Thr/Met 115 44.9 44 42.5 61.5 0.87 (0.52-1.47) 0.83 (0.61-1.35) 

Met/Met 31 12.3 11 10.9 64.0 0.81 (0.34-1.83) 0.68 (0.23-1.25) 

Met allele 146 57.2 55 53.4 62.3 0.86 (0.43-1.40) 0.80 (0.42-1.37) 
 
1
Adjusted for sex, age, histology of cancer and stage. 

 
 
 

 
 
Figure 1. Kaplan-Meier analysis of XRCC1Arg399Gln on the survival of NSCLC patient.



 
 
 
 
NSCLC with chemotherapy. 
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