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Abstract: We conducted a study to investigate the association between the clinical outcome and GSTP1 Ile105Val 
and XRCC1 Arg194Trp, Arg280His and Arg399Gln gene polymorphisms in advanced NSCLC patients with cisplatin-
based chemotherapy. Between January 2010 and December 2012, a total of 206 patients with advanced NSCLC 
were histopathologically confirmed were included into analysis. By logistic regression analysis, individuals carry-
ing the AG and GG genotypes of GSTP1 Ile105Val were associated with better response to chemotherapy when 
compared with the AA genotype, and the adjusted Ors (95% CI) were 2.06 (1.10-3.86) and 4.89 (1.52-18.33), 
respectively. The TT genotype of XRCC1 Arg194Trp was correlated with better response to chemotherapy compared 
to the CC genotype, and the adjusted OR (95% CI) was 3.23 (1.20-9.30). By Cox Hazard Proportional Model, the 
GG genotype of GSTP1 Ile105Val and the TT genotype of XRCC1 Arg194Trp were found to be associated with lower 
risk of death from all causes when compared with the wide-type genotype, and the adjusted HRs (95% CI) were 
0.05 (0.01-0.18) and 0.20 (0.07-0.62), respectively. Moreover, individuals carrying both the G/A+G/G genotype of 
GSTP1 Ile105Val and the G/A+A/A of XRCC1 Arg194Trp were associated with heavy greater CR+PR response to 
chemotherapy (OR=2.98, 95% CI=1.39-6.42), and also correlated with longer overall survival of advanced NSCLC 
(HR=0.19, 95% CI=0.05-0.61). In conclusion, we found that the GSTP1 Ile105Val and XRCC1 Arg194Trp were as-
sociated with better response to chemotherapy and longer survival of advanced NSCLC, compared to the wide-type 
genotype.

Keywords: GSTP1 Ile105Val, XRCC1 Arg194Trp, Arg280His, Arg399Gln, NSCLC, clinical outcome

Introduction

Lung cancer is one of the most common malig-
nant tumors worldwide, and lung cancer is the 
leading cause of cancer-related deaths [1]. 
There are two types of lung cancer, including 
small cell lung cancer and non-small cell lung 
cancer (NSCLC). It is estimated that NSCLC 
accounts for nearly 80% of all lung cancers, 
and NSCLC mainly includes squamous cell car-
cinoma and adenocarcinoma lung cancer [2]. 
NSCLC is both frequently diagnosed in men 
and women, and it is reported that about 1.8 
million people are diagnosed with NSCLC annu-
ally worldwide [1]. The NSCLC are always diag-
nosis at their advanced stage [3]. Although 
combination chemotherapy, chemoradiation 
and radiation therapy are common used for 
advanced NSCLC, the five-year survival of 

NSCLC is very low with a 5-year overall survival 
only around 15% for all stages [3]. TNM stage is 
a crucial factor for the prognosis of NSCLC, but 
not all patients with the same TNM stage pres-
ent similar treatment outcome of NSCLC. 
Therefore, genetic factors may play an impor-
tant role in the development of NSCLC.

Glutathione S-transferase P1 (GSTP1) is a glu-
tathione S-transferase class member, and it is 
widely expressed in different human tissues. 
GSTP1 plays a role in the phase II metabolism 
of xenobiotics, and contributes to the process 
of cisplatin biothransformation [4]. X-ray repair 
cross-complementing group 1 (XRCC1) is an 
important member of base excision repair path-
way, and it is responsible for the single-strand 
break repair and base excision repair [5]. It is 
reported that XRCC1 cooperates ligase and 
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poly (ADP-ribose) polymerase, and thus effi-
ciently repair DNA damage including cisplatin-
induced damage [6]. In our study, we conduct-
ed a study to investigate the association 
between the clinical outcome and GSTP1 
Ile105Val and XRCC1 Arg194Trp, Arg280His 
and Arg399Gln gene polymorphisms in 
advanced NSCLC patients with cisplatin-based 
chemotherapy.

Patients and methods

Patients

A total of 206 patients with advanced NSCLC 
were histopathologically confirmed and recruit-
ed between March 2010 and March 2013. All 
patients with advanced NSCLC did not receive 
any anticancer therapies before surgery and 
had adequate hematology, renal and liver func-
tion with the Eastern Cooperative Oncology 
Group (ECOG) performance status 0 or 1. 
During and after adjuvant chemotherapy.

The patients underwent a physical examina-
tion, computed tomography, and magnetic res-
onance imaging before adjuvant chemothera-
py, and the patients were treated for one adju-

weeks through telephone or attending the 
clinics.

DNA extraction and genotyping

2 ml peripheral blood was collected from each 
patient with NSCLC and control subject, and 
the collected blood was stored in refrigerator at 
-70°C until use. Genomic DNA was isolated 
from peripheral blood lymphocytes using 
Qiagen blood mini kit (Qiagen, Germany) accord-
ing to the manufacturer’s instruction. The 
GSTP1 Ile105Val and XRCC1 Arg194Trp, 
Arg280His and Arg399Gln genotypes were 
analyzed by polymerase chain reaction-restric-
tion fragment length polymorphism (PCR-RFLP) 
based on the manufacturer’s instruction. The 
primers for GSTP1 Ile105Val and XRCC1 
Arg194Trp, Arg280His and Arg399Gln gene 
polymorphisms were designed using the 
Sequenom Assay Design 3.1 software. The 
PCR was set as follows: started at 95°C for 5 
min for the initial denaturation, following 30 
cycles of denaturation at 95°C for 30 s, anneal-
ing at 62°C for 45 s, extension at 72°C for 30 s 
and final extension at 72°C for 5 mins. The PCR 
products were digested by the BsmA1, PvuII, 
RsaI and NciI for GSTP1 Ile105Val and XRCC1 

Table 1. Demographical and clinical characteristics of included 
patients and control subjects

Variables Patients 
N=206 % Survival 

time
P for Log-
rank test

Age, years 56.07±8.85
Gender
    Female 82 39.81 21.65±1.40
    Male 124 60.19 22.15±1.32 0.06
Smoking status
    Never 71 34.47 21.84±1.41
    Ever 135 65.53 22.32±1.29 0.42
Drinking status
    Never 129 62.62 21.16±1.20
    Ever 77 37.38 22.48±1.63 0.45
TNM stage
    III 74 35.92 21.52±1.53
    IV 132 64.08 22.51±1.25 0.50
Histology
    Adenocarcinoma 94 45.63 20.60±1.57
    Squamous carcinoma 112 54.37 22.27±2.64 0.59
Response to chemotherapy
    CR+PR 106 51.46 26.75±1.36
    SD+PD 100 48.54 17.29±1.21 <0.001

vant chemotherapy regimen 
for at least four cycles or until 
having a progressive disease. 
Chemotherapy response was 
evaluated based on RECIST 
criteria [7]. Patients who 
showed complete response 
(CR) and partial response 
(PR) to chemotherapy were 
considered to be good 
response to chemotherapy, 
and patients who showed sta-
ble disease (SD) and progres-
sive disease (PD) were con-
sidered poor response to che-
motherapy. The survival time 
of NSCLC was evaluated by 
overall survival, and the over-
all survival time was calculat-
ed by the time from the date 
of chemotherapy and the 
data of death from any cause 
or the end of follow-up. 
Routine follow-ups of all 
patients were ended up to 
March 2015, and patients 
were followed up every four 
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Arg194Trp, Arg280His and Arg399Gln, respec-
tively. These digested products were stained 
with ethidium bromide and separated on 3.5% 

survival of advanced NSCLC. Log-rank test was 
used to compare the differences of overall sur-
vival time among different genotypes. Hazard 

Table 2. Association between GSTP1 Ile105Val, XRCC1 Arg194Trp, Arg280His and Arg399Gln and 
response to chemotherapy in advanced NSCLC

Genes N % HWE Good  
response % Poor  

response % OR (95% CI)1 P value

GSTP1 Ile105Val
    AA 91 44.17 36 33.96 55 55.00 1.0 (Ref.) -
    AG 94 45.63 54 50.94 40 40.00 2.06 (1.10-3.86) 0.02
    GG 21 10.19 0.80 16 15.09 5 5.00 4.89 (1.52-18.33) 0.002
XRCC1 Arg194Trp
    CC 94 45.63 41 38.68 53 53.00 1.0 (Ref.) -
    CT 84 40.78 45 42.45 39 39.00 1.49 (0.79-2.81) 0.18
    TT 28 13.59 0.19 20 18.87 8 8.00 3.23 (1.20-9.30) 0.01
XRCC1 Arg280His
    AA 104 50.49 51 48.11 53 53.00 1.0 (Ref.) -
    AG 79 38.35 40 37.74 39 39.00 1.07 (0.57-2.00) 0.83
    GG 23 11.17 0.18 15 14.15 8 8.00 1.95 (0.70-5.76) 0.16
XRCC1 Arg399Gln
    GG 91 44.17 44 41.51 47 47.00 1.0 (Ref.) -
    GA 83 40.29 41 38.68 42 42.00 1.04 (0.55-1.97) 0.89
    AA 32 15.53 0.08 21 19.81 11 11.00 2.04 (0.82-5.23) 0.09
1Ajusted for age, gender, smoking status, drinking status, TNM stage and histology.

Figure 1. Kaplan-Meier method for the overall survival of advanced NSCLC 
by GSTP1 Ile105Val.

agarose gel, and visualized 
under UA light after ethidium 
staining.

Statistical analysis

The demographic and clinical 
characteristics of patients with 
advanced NSCLC were ex- 
pressed by frequencies and 
percentage. The genotype dis-
tributions of GSTP1 Ile105Val, 
XRCC1 Arg194Trp, Arg280His 
and Arg399Gln were tested for 
deviation from Hardy-Weinberg 
equilibrium. The association 
between response to chemo-
therapy and polymorphisms  
in GSTP1 Ile105Val, XRCC1 
Arg194Trp, Arg280His and 
Arg399Gln was estimated odds 
ratio (OR) and 95% confidence 
interval (95% CI) in logistic 
regression analysis with adjust-
ments of potential confounding 
factors. Kaplan-Meier method 
was used to calculate overall 
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ratio (HR) and 95% CI of significant genotypes 
were estimated Cox Hazard Proportional Model 
with adjustments of potential confounding fac-
tors. All P values were based on two-tails test 
and P<0.05 was set as significant level. All 
analyses were performed using SPSS version 
17.0 (SPSS Inc., Chicago, IL, USA).

Results

The demographical and clinical characteristics 
of selected patients with advanced NSCLC 
were summarized in Table 1. The mean age of 
patients with advanced NSCLC was 56.07±8.85 
years. There were 82 (39.81%) females and 
124 (60.19%) males in the present study. Of 
206 patients with advanced NSCLC, 135 
(65.53%) were smokers, 77 (37.38%) were 
drinkers, 74 (35.92%) were at III TNM stage, 
132 (64.08%) were at IV TNM stage, 94 
(45.63%) were adenocarcinoma type, 112 
(54.37%) were squamous carcinoma type, 106 
(51.46%) showed CR+PR to chemotherapy and 
100 (48.54%) showed SD+PD to chemothera-
py. By Log-rank test, we found that the overall 
survival time showed significantly difference 
between the response to chemotherapy 
(P<0.001).

phisms and response to chemotherapy were 
found in the present study.

The mean overall survival time was 22.16± 
0.97 months, and a total of 166 patients were 
died from all causes during the follow-up peri-
od. The GG genotypes of GSTP1 Ile105Val was 
correlated with a longer overall survival time 
when compared with the AA genotype (GG vs. 
AA: 42.76±4.28 months vs. 19.43±1.62 
months, P value for Log-rank test <0.001; 
Figure 1). The TT genotype of XRCC1 Arg194Trp 
was associated with a longer overall survival 
time compared to the CC genotype (TT vs. CC: 
30.73±3.02 months vs. 22.39±1.63 months, P 
value for Log-rank test =0.01; Figure 2). After 
adjusting for potential confounding factors, the 
GG genotype of GSTP1 Ile105Val and the TT 
genotype of XRCC1 Arg194Trp were found to 
be associated with lower risk of death from all 
causes when compared with the wide-type  
genotype, and the adjusted HRs (95% CI) were 
0.05 (0.01-0.18) and 0.20 (0.07-0.62), respec-
tively (Table 3). We did not observe a significant 
association between XRCC1 Arg280His and 
Arg399Gln and overall survival of patients  
with advanced NSCLC.

Figure 2. Kaplan-Meier method for the overall survival of advanced NSCLC 
by XRCC1 Arg194Trp.

We found that the genotype dis-
tributions of GSTP1 Ile105Val, 
XRCC1 Arg194Trp, Arg280His 
and Arg399Gln were in line 
with from Hardy-Weinberg equi-
librium, and the P values were 
0.80, 0.19, 0.18 and 0.08, 
respectively. By logistic regres-
sion analysis, we found that 
individuals carrying the AG  
and GG genotypes of GSTP1 
Ile105Val were associated with 
better response to chemother-
apy when compared with the 
AA genotype, and the adjusted 
Ors (95% CI) were 2.06 (1.10-
3.86) and 4.89 (1.52-18.33), 
respectively (Table 2). More- 
over, we observed that the TT 
genotype of XRCC1 Arg194Trp 
was correlated with better re- 
sponse to chemotherapy com- 
pared to the CC genotype,  
and the adjusted OR (95% CI)  
was 3.23 (1.20-9.30). However,  
no significant correlations be- 
tween XRCC1 Arg280His and 
XRCC1 Arg399Gln polymor-
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We performed gene-gene interaction between 
GSTP1 Ile105Val and XRCC1 Arg194Trp in  
the response to chemotherapy of advanced 
NSCLC (Table 4), and we found that indivi- 
duals carrying both the GA+GG genotype of 
GSTP1 Ile105Val and the CT+TT of XRCC1 
Arg194Trp were associated with better 

response to chemotherapy in advanced NSCLC 
when compared to those carrying with wide-
type genotypes (OR=2.98, 95% CI=1.39-6.42). 
Moreover, individuals carrying both the GA+GG 
genotype of GSTP1 Ile105Val and the CT+TT of 
XRCC1 Arg194Trp were correlated with long 
overall survival of advanced NSCLC, and the 

Table 3. Association between GSTP1 Ile105Val, XRCC1 Arg194Trp, Arg280His and Arg399Gln and 
overall survival of patients with advanced NSCLC

Genes N % Death 
N=166 % Alive % Mean  

survival time
P value for 

Log-rank test Adjusted HR (95% CI)1 P value

GSTP1 Ile105Val
    AA 91 44.17 81 48.80 10 25.00 19.43±1.62 1.0 (Ref.) -
    AG 94 45.63 79 47.59 15 37.50 21.27±1.49 0.65 (0.25-1.66) 0.32
    GG 21 10.19 6 3.61 15 37.50 42.76±4.28 <0.001 0.05 (0.01-0.18) <0.001
XRCC1 Arg194Trp
    CC 94 45.63 83 50.00 11 27.50 22.39±1.63 1.0 (Ref.) -
    CT 84 40.78 66 39.76 18 45.00 24.07±2.02 0.49 (0.19-1.18) 0.08
    TT 28 13.59 17 10.24 11 27.50 30.73±3.02 0.01 0.20 (0.07-0.62) <0.001
XRCC1 Arg280His
    AA 104 50.49 84 50.60 20 50.00 23.63±1.65 1.0 (Ref.) -
    AG 79 38.35 66 39.76 13 32.50 21.20±1.77 1.21 (0.53-2.85) 0.63
    GG 23 11.17 16 9.64 7 17.50 25.12±3.17 0.25 0.54 (0.18-1.79) 0.23
XRCC1 Arg399Gln
    GG 91 44.17 73 43.98 18 45.00 22.48±1.87 1.0 (Ref.) -
    GA 83 40.29 71 42.77 12 30.00 24.55±1.74 1.45 (0.61-3.57) 0.35
    AA 32 15.53 22 13.25 10 25.00 26.24±1.95 0.18 0.54 (0.20-1.52) 0.18
1Ajusted for age, gender, smoking status, drinking status, TNM stage and histology.

Table 4. Interaction between GSTP1 Ile105Val and XRCC1 Arg194Trp in the response to chemothera-
py
Gene

N % Good 
response % Poor  

response % OR (95% CI)1 P 
valueGSTP1 Ile105Val XRCC1 Arg194Trp

AA CC 58 28.16 21 19.81 37 37.00 1.0 (Reference) -
GA+GG CC 37 17.96 21 19.81 16 16.00 2.31 (0.92-5.86) 0.05
GA+GG CT+TT 78 37.86 49 46.23 29 29.00 2.98 (1.39-6.42) 0.002
AA CT+TT 33 16.02 15 14.15 18 18.00 1.47 (0.56-3.82) 0.39
1Ajusted for age, gender, smoking status, drinking status, TNM stage and histology.

Table 5. Interaction between GSTP1 Ile105Val and XRCC1 Arg194Trp in the overall survival of ad-
vanced NSCLC
Genes

N % Death % Alive % Mean  
survival time

Adjusted HR 
(95% CI)1 P valueGSTP1 

Ile105Val
XRCC1 
Arg194Trp

AA CC 58 28.16 54 32.53 4 10.00 20.27±1.16 1.0 (Reference) -
GA+GG CC 37 17.96 29 17.47 8 20.00 22.92±1.07 0.27 (0.06-1.12) 0.06
GA+GG CT+TT 78 37.86 56 33.73 22 55.00 23.57±1.14 0.19 (0.05-0.61) 0.002
AA CT+TT 33 16.02 27 16.27 6 15.00 21.56±1.11 0.33 (0.06-1.56) 0.10
1Ajusted for age, gender, smoking status, drinking status, TNM stage and histology.
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adjusted OR (95% CI) was 0.19 (0.05-0.61) 
(Table 5).

Discussion

Increasing evidences have shown that the 
genetic polymorphisms of drug metabolizing 
enzymes, drug transporters and drug targets 
play an important role in the inter-individual dif-
ferences in the efficacy of chemotherapy treat-
ment. In this study, we evaluated the associa-
tion between the GSTP1 Ile105Val, XRCC1 
Arg194Trp, Arg280His and Arg399Gln poly-
morphisms and the response to chemotherapy 
and overall survival of patients with NSCLC in a 
Chinese population. We observed that the GG 
genotype of GSTP1 IIe105Val and the TT geno-
type of XRCC1 Arg194Trp were associated with 
better response to chemotherapy and more 
overall survival time of patients with advanced 
NSCLC, and the two genes have synergistic 
effect in the response to chemotherapy. 

It is reported that the GST enzymes has a cru-
cial role in metabolizing many xenobiotics and 
cytotoxic cancer chemotherapeutic agents [8]. 
GSTP1 is the most isoenzyme of GSTs and over-
expression in cancer or precancerous tissues 
[9]. Polymorphisms in the gene GSTP1 Ile105Val 
cause the amino acid substitution changes and 
hydroliphobicity of amino acid, and conse-
quently influence the enzymatic stability and 
catalytic capability. The wild-type homoge-
neous AA genotype of GSTP1 Ile105Val shows 
the highest enzymatic activities [10]. Previous 
studies have reported the association between 
GSTP1 Ile105Val polymorphism and efficacy of 
chemotherapy on various cancers, but these 
studies have shown inconsistent results 
[11-16].

Recent studies have investigated the associa-
tion of genetic polymorphism in the GSTP1 
IIe105Val region with prognosis of advanced 
NSCLC. Individuals with GSTP1 gene polymor-
phism display a reduced ability to detoxify drug 
metabolites, and thus promote the overall sur-
vival of NSCLC [14, 15, 17-19]. Deng et al. also 
conducted a study in a Chinese population and 
found that the AA genotype of GSTP1 IIe105Val 
had better overall survival of advanced NSCLC 
[14]. Han et al., conducted a study in a Chinese 
population, and they found that the AA and GA 
genotypes were associated with the response 
to cisplatin-based chemotherapy and the treat-

ment outcome of advanced NSCLC [15]. 
Another three studies have reported that the 
GSTP1 IIe105Val polymorphism could modify 
the treatment efficacy of platinum-based che-
motherapy in advanced NSCLC [17-19]. 
However, some studies reported inconsistent 
results [20-21]. Kalikaki et al. conducted a 
study with 119 NSCLC patients, and they 
reported that GSTP1 IIe105Val polymorphism 
was not associated with the response to treat-
ment and clinical outcome of advanced NSCLC 
[20]. Joerger et al. performed a study with 37 
patients with advanced NSCLC, and they 
reported that GSTP1 IIe105Val polymorphism 
did not contribute to the clinical outcome of 
advanced NSCLC [21]. The discrepancies of the 
above results may be attributed to the differ-
ences in ethnicities and source of patients, as 
well as the disease stages and sample size.

XRCC1 is considered as a scaffold factor in 
base excision repair, and the XRCC1 Arg194Trp, 
Arg280His and Arg399Gln polymorphisms are 
associated with the change of XRCC1 protein 
activity to impact DNA repair capacity [22]. The 
severity of DNA damage could be influenced by 
cisplatin, which are associated with efficiency 
and toxicity of cisplatin-based chemotherapy. 
Many previous studies have reported that 
XRCC1 gene polymorphisms were associated 
with the prognosis of cancers treated with cis-
platin-based chemotherapy, such as hepatocel-
lular carcinoma, gastric cancer, colorectal can-
cer and non-small cell lung cancer [23-25]. Our 
study also found that XRCC1 Arg194Trp poly-
morphism contributed to the response to che-
motherapy. However, previous studies reported 
inconsistent results regarding the association 
between XRCC1 Arg194Trp polymorphism and 
response to chemotherapy in advanced NSCLC 
[14, 15, 23, 24, 26, 27]. Therefore, further 
studies with large sample size study are greatly 
needed to confirm our findings.

There were two limitations to our study. First, 
patients with advanced NSCLC were selected 
from one hospital only, which may induce selec-
tion bias. Second, the sample size for analyzing 
the association between gene polymorphism 
and treatment outcome of advanced NSCLC in 
the present study was relatively small; there-
fore, some of the findings may be undervalued 
due to the same sample size. Therefore, stud-
ies with larger sample sizes must be performed 
to confirm our findings.
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In conclusion, we found that the GSTP1 
Ile105Val and XRCC1 Arg194Trp could influ-
ence the response to chemotherapy and over-
all survival of patients with advanced NSCLC. 
Further prospective studies with larger sample 
sizes are required to validate this association.
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