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ABSTRACT. We conducted a cohort study to investigate whether 3
potential single nucleotide polymorphisms (SNPs) in the xeroderma
pigmentosum complementation group G (XPG) gene could predict
the survival of advanced non-small cell lung cancer (NSCLC) patients
treated with platinum-based doublet chemotherapy. We enrolled 262
patients with histologically confirmed NSCLC between November
2007 and December 2008 in this study. The 3 SNPs (1rs2296147T>C,
rs2094258C>T, and rs873601G>A) were genotyped using polymerase
chain reaction-restriction fragment length polymorphism analysis.
Older age, Eastern Cooperative Oncology Group performance score
>2 and higher disease stage were associated with shorter survival. In
the Cox proportional hazard model, patients carrying the rs2296147 TT
genotype and the T allele had a significantly reduced risk of developing
progressive disease or dying from NSCLC. The HRs (95%CI) were
0.31 (0.13-0.73) and 0.44 (0.24-0.83) for progression-free survival and
0.32 (0.14-0.71) and 0.54 (0.32-0.98) for overall survival, respectively.
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Moreover, advanced NSCLC patients carrying the rs2094258 GG
and the G allele had a significantly decreased risk of developing
progressive disease. The HRs (95%CI) for the rs2094258 GG genotype
and the G allele were 0.35 (0.16-0.80) and 0.45 (0.23-0.86) for overall
survival, respectively. We suggest that the rs2296147 and 152094258
polymorphisms could be used as surrogate markers, leading to
individualization of NSCLC treatment strategies.
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INTRODUCTION

Lung cancer is the most common cause of death from malignant disease worldwide,
and about 80% of lung cancer cases are non-small cell lung cancer (NSCLC) (IARC, 2008).
More than 70% of NSCLC patients have locally advanced or metastatic disease at the time of
diagnosis due to a lack of effective diagnostic methods for early-stage disease (IARC, 2008).
Therefore, most of these cancer patients are not diagnosed until after the ideal time for them
to undergo operations that could prolong their lives. The reported 5-year survival rate for
NSCLC is less than 15%, and NSCLC has reportedly been the most fatal cancer in China for
the last 10 years (Jemal et al., 2002).

NSCLC is the predominant form of lung cancer and the third most common cause of
cancer-related death worldwide (IARC, 2008). Even with advances in treatment, 70% of pa-
tients have metastatic disease after treatment, and the 5-year survival rate of NSCLC patients
is still less than 15% (Molina et al., 2008). In China, NSCLC has become the leading cause of
death over the past decade (IARC, 2008).

Platinum-based doublet chemotherapy with agents such as cisplatin and carboplatin
has become the most frequently used chemotherapy for NSCLC. This strategy has improved
the overall survival of NSCLC patients; however, the response rate is estimated to be around
20% (Jemal et al., 2002; Tahara et al., 2009). Moreover, patients with tumors of the same
stage and histological type responded differently to chemotherapy, suggesting that molecular
mechanisms may play a role in the efficacy of chemotherapeutic agents in NSCLC.

Platinum compounds form platinum DNA adducts, which cause interstrand crosslink-
ing and bulky distortion of DNA, subsequently inhibiting DNA replication (Johnson et al.,
2001). DNA adducts reportedly play a role in clinical outcomes, response to chemotherapy,
and cancer survival (Jordan and Carmo-Fonseca, 2000; van de Vaart et al., 2000). Many mech-
anisms are involved in repair of DNA damage, including nucleotide excision repair (NER),
base excision repair, DNA mismatch repair, and double-strand break repair pathways. Of these
4 pathways, NER is responsible for repairing platinum-DNA adducts. NER involves the coop-
eration of about 20 enzymes that remove and restore the segment of DNA containing a bulky
adduct (Cai et al., 2012). Many studies have reported that polymorphisms in NER pathway
genes can alter the efficiency of DNA repair, influencing treatment response and cancer sur-
vival (Karahalil et al., 2012; Kim et al., 2013).

The xeroderma pigmentosum complementation group G (XPG) gene, also known as
ERCCS5, is an indispensable component of NER (Clarkson, 2003). XPG is involved in making
a dual incision at both the 3'- and 5'-sites of the lesion, allowing the excision of damaged oligo-
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mers 22 to 32 nucleotides long (Friedberg, 2003). Previous studies have reported that single
nucleotide polymorphisms (SNPs) in XPG have an important role in prognosis of various
cancers (Chang et al., 2008; Bartolucci et al., 2009; Sakano et al., 2010; Fleming et al., 2012).
However, few studies have examined the association of SNPs in XPG with chemotherapy
response and prognosis in advanced NSCLC patients. Therefore, we conducted a cohort study
to investigate whether 3 potential SNPs in XPG could predict survival in advanced NSCLC
patients treated with platinum-based doublet chemotherapy.

MATERIAL AND METHODS
Subjects

This study included 262 patients with histologically confirmed NSCLC between No-
vember 2007 and December 2008. All patients were recruited from the Affiliated Cancer Hos-
pital of Zhengzhou University. Patients were excluded if they previously received radiother-
apy or chemotherapy, or if they had symptomatic brain metastases, spinal cord compression,
or uncontrolled massive pleural effusion. At the end, 246 patients agreed to participate in this
study, giving a participation rate of 93.9%. All NSCLC patients were treated with platinum-
based doublet chemotherapy. The histology and TNM stage of NSCLC tumors were based on
World Health Organization criteria.

Treatment

The platinum-based doublet chemotherapy regimens were 25 mg/m? vinorelbine on
day 1 and day 8 or 1000 mg/m? gemcitabine plus 75 mg/m? cisplatin or carboplatin on day
1. The platinum-based doublet chemotherapy regimens were repeated every 3 weeks for a
maximum of 6 cycles. Doses of cytotoxic agents were reduced by 25% for patients who expe-
rienced grade 3 non-hematologic toxicities and grade 4 hematologic toxicities. Chemotherapy
treatment ceased when patients experienced progressive disease or unacceptable toxicities.
Demographic and clinical information was collected for all patients from medical records. All
patients were followed-up every month by telephone until death or the end of the study.

Progression-free survival (PFS) was calculated as the time from the date of chemo-
therapy initiation to the time of diagnosis of progressive disease by chest radiography and
computed tomography. Overall survival (OS) was calculated as the time from the date of
chemotherapy initiation to the date of death or the last clinical follow-up.

SNP selection and genotyping

All patients were asked to provide 5 mL venous blood, and genomic DNA was isolated
usingaQiagenBloodKit(Qiagen,Chatsworth, CA,USA)accordingtomanufacturerinstructions.
Three potential SNPs (rs2296147T>C, rs2094258C>T and rs873601G>A) were selected from
the National Center for Biotechnology Information SNP database (dbSNP, http://www.ncbi.
nlm.nih.gov/) and SNPinfo (http://snpinfo.niehs.nih.gov/). The 3 SNPs were chosen based on
the criteria that they occurred at 2 ends of the XPG gene, had a minor allele frequency >5%,
and influenced the activity of microRNA binding sites. Probes and primers for rs2296147T>C,
1s2094258C>T,andrs873601G>Aweredesigned by the Primer 5.0 software (PREMIER Biosoft,
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Palo Alto, CA, USA) (1s2296147T>C: forward 5'-AGCTGTCACCGCCTCCC-3' and reverse
5'-CGGCCATTCTCTGGACC-3";1s2094258C>T: forward 5'-AGCCTCGCCTTTGCCGAT-3'
and reverse 5-CTTCTGACCCATGCCCACC-3"; rs873601G>A: forward 5-CTGGTATG
AGCCCATCTA-3" and reverse 5'-AGTGACAAGCCTGTAGCC-3"). Polymerase chain reac-
tion (PCR)-restriction fragment length polymorphism analysis was used to genotype spec-
imens for the 3 SNPs. PCR was performed in 30-uL reaction solution containing 25 mM
MgCl,, 2 mM 4X dNTP, 20 uM primers, and 5 U/uL Taqg DNA. The PCR started at 94°C for 5
min, denatured at 94°C for 45 s, annealed at 62°C for 60 s, and extended at 72°C for 60 s, with
a final extension at 72°C for 10 min.

Statistical analysis

All statistical analyses were performed using the SPSS statistical package, version
11.0 (SPSS Inc., Chicago, IL, USA) for Windows®. Continuous and categorical variables
are reported as means £ SD and N (%) of study participants, respectively. Comparisons be-
tween patients and control subjects were made using the Student #-test and the chi-square
test. The survival distributions were assessed using the Kaplan-Meier method and a log-rank
test. HRs and their Cls were used to analyze the association of the SNPs (rs2296147T>C,
1s2094258C>T, and rs873601G>A) with survival time using a multivariate Cox proportional
hazard model. All tests were two-sided and P < 0.05 was considered to be significant.

RESULTS

Of the 246 patients in this study, 184 presented progressive disease and 165 died dur-
ing the follow-up period that lasted until December 2012. The follow-up period for all patients
ranged from 2 months to 60 months. The patients had a median age of 64.3 years (range, 32-76
years), and 69.11% were males. Shorter survival was associated with older age, Eastern Coop-
erative Oncology Group performance score >2, and higher disease stage (P < 0.05; Table 1).

Table 1. Demographic and clinical characteristics of non-small cell lung cancer patients.

Characteristics Patients (N = 246) % Death % S-year survival rate (%) P value
Median age (years) 64.3 (31.7-76.1)

<60 117 47.56 69 41.82 41.03

>60 129 52.44 96 58.18 25.58 0.01
Gender

Female 76 30.89 47 28.48 38.16

Male 170 69.11 118 71.52 30.59 0.24
Smoking status

Non-smokers 124 50.41 85 51.52 31.45

Smokers 122 49.59 80 48.48 34.43 0.62
ECOG performance status

0-1 207 84.15 133 80.61 35.75

>2 39 15.85 32 19.39 17.95 0.32
Histology

Adenocarcinoma 149 60.57 106 64.24 28.86

Squamous cell carcinoma 97 39.43 59 35.76 39.18 0.09
Disease stage

111 (A/B) 58 23.58 32 19.39 44.83

v 188 76.42 133 80.61 29.26 0.027

ECOG = Eastern Cooperative Oncology Group.
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In our study, patients carrying the rs2296147 TT genotype (PFS, 23.5 months; OS,
29.4 months) and the T allele (PFS, 21.4 months; OS, 27.4 months) had significantly longer
PFS and OS compared to patients with the CC genotype (PFS, 17.8 months; OS, 24.6 months)
(Table 2). Similarly, patients with rs2094258 GG and the G allele had significantly longer PFS
and OS when the rs2094258 AA genotype was used as a reference. In the Cox proportional
hazard model, patients carrying the rs2296147 TT genotype and the T allele had a significantly
lower risk of developing progressive disease or dying from NSCLC; the HRs (95%CI) were
0.31 (0.13-0.73) and 0.44 (0.24-0.83) for PFS and 0.32 (0.14-0.71) and 0.54 (0.32-0.98) for
OS, respectively. Moreover, advanced NSCLC patients carrying the rs2094258 GG genotype
had a significantly decreased risk of development of progressive disease, with an HR (95%
CI) 0of 0.41 (0.17-0.97) for PFS. The HRs (95%CI) for the rs2094258 GG genotype and the G
allele were 0.35 (0.16-0.80) and 0.45 (0.23-0.86) for OS, respectively.

Table 2. Univariate analysis of XPG in relation to PFS and OS.

Gene Cases % PFS (N
Events % Median  HR (95%CI)! Pvalue  Events % Median HR (95%CI)' P value
(N=184) (months) (N=165) (months)
152296147
CcC 132 53.66 108 58.70 17.8 1 - 96 582 246 1.0 (Ref)
CT 76 30.89 54 2935 192 0.55(0.27-1.12)  0.07 50 303 259  0.89(0.46-1.76) 0.26
TT 38 1545 22 11.96 23.5  0.31(0.13-0.73)  0.002 19 11.5 294  0.32(0.14-0.71)  0.004

Tallele 114 46.34 76 41.30 21.4  0.44(0.24-0.83)  0.006 69 418 274  0.54(0.32-0.98) 0.04

AA 99 40.24 78 42.39 17.9 1 - 72 436  26.1 1.0 (Ref) -
AG 114 46.34 84 4565 18.4  0.75(0.38-1.49) 0.38 75 455 263  0.86(0.46-1.61) 0.62
GG 33 1341 22 11.96 20.6  0.54(0.21-1.44) 0.16 18 109 274  050(0.21-1.22) 0.08
Gallele 147 59.76 106 57.61 19.6  0.70(0.36-1.32)  0.24 93 56.4 26.8  0.76 (0.42-1.36) 0.32
152094258

AA 82 3333 67 36.41 16.8 1 - 64 388 239 1.0 (Ref)) -
AG 110 44.72 82 44.57 182 0.66(0.30-1.40) 0.24 71 43.0 247  0.51(0.25-1.03) 0.05
GG 54 21.95 35 19.02 23.1  0.41(0.17-0.97)  0.03 30 182 304  0.35(0.16-0.80) 0.006
Gallele 164 66.67 117 63.59 20.6  0.56(0.27-1.11)  0.08 101 612 27.8  0.45(0.23-0.86) 0.01

'Adjusting for gender, age, histology, ECOG performance status, and disease stage: ECOG = Eastern Cooperative
Oncology Group; OS = overall survival; PFS = progression-free survival, XPG = xeroderma pigmentosum
complementation group G.

DISCUSSION

DNA repair is important for ensuring genome integrity and stability, and genome insta-
bility could promote cellular changes that lead to the progressive transformation of cancerous
cells. Therefore, defects in genes involved in DNA repair pathways could induce carcinogen-
esis. XPG is required to make an incision necessary for the excision of damaged oligonucle-
otides through cleavage on the 3' side of sites of DNA damage during the NER DNA repair
pathway (Friedberg, 2003). Previous studies have demonstrated that enhanced NER is associ-
ated with resistance to platinum agents, and reduced NER activity correlates with sensitivity to
platinum agents. Therefore, polymorphisms in XPG may affect the clinical outcomes of cancer
patients treated with platinum-based chemotherapy (Kang et al., 2013). Previous evidence
suggests that polymorphisms in XPG affect the response to platinum-based chemotherapy
and clinical outcomes of various cancers including osteosarcoma, melanoma, bladder cancer,
and gastric cancer (Canbay et al., 2010; Sakano et al., 2010; Schrama et al., 2011; Biason
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et al., 2012). Therefore, we investigated whether 3 common SNPs in XPG were related to
the prognosis of patients with advanced NSCLC treated with platinum-based chemotherapy.
In our study, we found that polymorphisms in 152296147 and rs2094258 were significantly
associated with the prognosis of advanced NSCLC patients. However, the rs§73601 geno-
type was not significantly associated with PFS and OS in advanced NSCLC patients treated
with platinum-based chemotherapy. Our study showed that down-regulation of rs2296147 and
152094258 was associated with reduced risk of progressive disease and death from advanced
NSCLC, which suggested that down-regulation of rs2296147 and rs2094258 might alter the
ability of cells to repair DNA damage caused by chemotherapy.

Several studies have reported an association between XPG polymorphisms and clini-
cal outcomes of advanced NSCLC patients, but the results are inconsistent (Zienolddiny et al.,
2006; Bartolucci et al., 2009; Sun et al., 2009; Butkiewicz et al., 2011; Zhang et al., 2012).
Zhang et al. (2012) conducted a study in China to investigate the association between 5 SNPs in
XPG and the prognosis of NSCLC patients. They reported that rs1047768 C/T and 152296147
C/T correlated with clinical outcomes of NSCLC patients treated with platinum-based che-
motherapy. Another study in Poland reported no association between XPG polymorphisms
and NSCLC outcomes (Butkiewicz et al., 2011). Sun et al. (2009) reported a significant as-
sociation between an rs1047768 polymorphism and the prognosis of NSCLC patients. Our
study indicated that polymorphisms in rs2296147 and rs2094258 were significantly associated
with a 0.31- to 0.55-fold risk of developing progressive disease and dying from NSCLC. The
different results seen by these various studies might be explained by differences in patient
backgrounds, control selection, and sample size, among others. Therefore, studies with large
sample sizes are needed to validate these associations.

Our study had several limitations that should be considered. First, all the NSCLC
patients were recruited from a single hospital, and these cases may not be representative of
patients from other populations. In addition, there may be a selection bias and information
bias. However, potential bias can be minimized in the final analysis by adjusting for gender,
age, smoking status, ECOG performance score, and disease stage, which could minimize the
selection bias. Second, we investigated only 3 common SNPs in XPG, and other SNPs may
interact with these 3 common SNPs. Third, our study had a relatively small sample size, which
reduced the statistical power to detect differences between groups. Therefore, future well-
designed studies with large sample sizes are needed to confirm the association between XPG
polymorphisms and the prognosis of NSCLC patients.

In summary, our study provides statistical evidence that polymorphisms in rs2296147
and 152094258 in the XPG gene are associated with reduced risk of developing progressive
diseases and dying in advanced NSCLC patients treated with platinum-based chemotherapy.
Therefore, we suggest that rs2296147 and rs2094258 polymorphisms can be used as surrogate
markers, leading us toward individualization of NSCLC treatment strategies.
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