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Abstract
Background: Single nucleotide polymorphisms (SNPs) in the DNA repair genes are suspected
to be related to the survival of lung cancer patients due to their possible influence on DNA
repair capacity (DRC). However, the study results are inconsistent. Methods: A follow-up study
of 610 non-small cell lung cancer (NSCLC) patients was conducted to investigate genetic
polymorphisms associated with the DNA repair genes in relation to NSCLC survival; 6 SNPs
were genotyped, including XRCC1 (rs25487 G>A), hOGGI (rs1052133 C>G), MUTYH (rs3219489
G>C), XPA (rs1800975 G>A), ERCC2 (51799793 G>A) and XRCC3 (rs861539 C>T). Kaplan-
Meier survival curve and Cox proportional hazards regression analyses were performed. SNP-
SNP interaction was also examined using the survival tree analysis. Results: Advanced disease
stage and older age at diagnosis were associated with poor prognosis of NSCLC. Patients with
the variant 'G' allele of hOGG1 rs1052133 had poor overall survival compared with those with
the homozygous wild 'CC' genotype, especially in female patients, adenocarcinoma histology,
early stage, light smokers and without family history of cancer. For never smoking female
lung cancer patients, individuals carrying homozygous variant 'AA' genotype of XPA had
shorter survival time compared to those with wild 'G' alleles. Furthermore, females carrying
homozygous variant XPA and hOGG1 genotypes simultaneously had 2.78-fold increased risk
for death. Among all 6 polymorphisms, the homozygous variant 'AA" of XPA carriers had poor
prognosis compared to the carriers of wild 'G" alleles of XPA together with other base excision
repair (BER) polymorphisms. Conclusions: Besides disease stage and age, the study found
DNA repair gene polymorphisms were associated with lung cancer survival.
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Introduction

Lung cancer is one of the most commonly diagnosed malignancies, and remains to
be the leading cause of cancer-related mortality globally. Each year there are 1,095,000
new male cases and 951,000 deaths in men, and 513,600 new female cases and 427,400
deaths in women [1]. Survival from lung cancer has slowly been improved during the past
decade, but the prognosis remains poor (5-year survival only 10%) [2]. Tobacco smoking is
the most significant cause of lung cancer, and DNA damage induced by tobacco carcinogens
is considered an important pathogenic pathway involved in lung carcinogenesis. Recent
research indicates that single nucleotide polymorphisms (SNPs) in the DNA repair genes
may influence DNA repair capacity (DRC), and therefore affect the risk of lung cancer and
survival of patients [3, 4]. Although previous studies focused largely on Asians and less on
Caucasians, evidence supporting the genetic involvement of DNA repair genes in lung cancer
risk and survival remains inconclusive; more studies with large sample size are still needed.
We previously completed a case-control study analyzing the DNA repair gene polymorphisms
in relation to lung cancer risk in a Chinese population, and found evidence of associations
between some of the SNPs and lung cancer [5]. Based on the hypothesis that DNA repair
capacity may also influence lung cancer patient survival, we selected 6 common SNPs which
are located either in the coding regions or promoter of the genes, including XRCC1 Arg399GIn
(rs25487 G>A) in 19p13.2, hOGG1 Ser326Cys (rs1052133 C>G) in 3q26.2, MUTYH GIn324His
(rs3219489 G>C) in 1p34.1, XPA (rs1800975 G>A) in 9q22.3, ERCC2 Asp312Asn (rs1799793
G>A) in 19q13.3 and XRCC3 Thr241Met (rs861539 C>T) in 14q32.3. These genes belong to
three DNA repair pathways, and the chosen SNPs have been suggested to have impacts on
DRC, which may have influence on lung cancer patient survival.

Specifically, XRCC1, which is involved in the repair of single strand breaks following the
base excision repair (BER) pathway, is a scaffold like protein which helps to remove the DNA
adducts. XRCC1 (rs25487 G>A), the most characterized and extensively studied SNP, has been
evaluated in a number of studies with regard to NSCLC survival. Previous studies reported
that this SNP has an association with DNA repair activity [6, 7]. HOGG1 regulates the excision
and removal of 8-OH-dG adducts through the BER pathway. The hOGG1(rs1052133 C>G)
SNP may influence the DNA repair capacity as the mutant genotype has a reduced protein
activity [8]. MUTYH acts as a counterpart of hOGG1 in repairing the oxidative DNA damage.
Although previous study has reported that a SNP in the gene, MUTYH (rs3219489 G>(),
has no association with survival in Japanese lung cancer patients [9], we considered this
evaluation should be repeated. XPA encodes a zinc-finger DNA-binding protein which involves
both global genome and transcription-coupled repair pathways and plays central roles in
the nucleotide excision repair (NER) pathway. A polymorphism rs1800975 located in the
fourth nucleotide upstream from the initiation codon (ATG) was found to affect DNA repair
capacity in a host cell reactivation assay [10]. ERCCZ encodes a helicase which is subunit of
the NER machinery, and has been well studied in lung cancer. The SNP (rs1799793 G>A) in
ERCCZ was shown to affect DRC [11]. The protein encoded by XRCC3 belongs to the double-
strand break repair (DSBR) pathway which repairs the DNA damages caused by ionizing
irradiation and oxidative free radicals. A polymorphism in codon 241 (rs861539 C>T) of
XRCC3 has been linked to an increased level of DNA adducts in healthy people [7]. Based on
the evidence, we selected these SNPs to examine their associations with lung cancer survival
in a Chinese population.

Materials and Methods

Study subjects

A patient cohort of lung cancer was established between January 2006 and July 2010, and the project
was approved by the ethical review committee at the Tianjin Medical University Cancer Hospital. During the
study, blood samples were collected consecutively from the patients who underwent surgery for lung cancer
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at the Tianjin Medical University Cancer Hospital. Clinical and pathological information was obtained from
medical records and pathology reports of the patients, including age of diagnosis, histological type, tumor
size, disease stage, lymph node metastasis, chemotherapy types and other demographic information. All
patients had newly diagnosed, and histologically confirmed primary non-small cell lung cancer. Furthermore,
patients with previous a medical history of cancer, radiotherapy or chemotherapy were excluded. Face-to-
face or telephone interviews to patients or their family members were conducted to ascertain information
on tobacco use and survival status. Surrogate persons we obtained patients’ information from must live with
the patients or take care of the patients after cancer was diagnosed. Information on tobacco use includes
smoking status, age at first use, years of smoking, number of cigarettes smoked per day, and the status
and age of quitting smoking. Individuals who smoked at least one cigarette per day for half a year were
considered smokers. Individuals who smoked less than 100 cigarettes in their whole life were considered
never smoker.

Genotyping

Peripheral blood leukocytes obtained from the buffy coat of 1mL of whole blood sample was used for
DNA extraction. Genomic DNA was isolated using the DNA Blood Mini kit (Qiagen, Valencia, CA) according
to the manufacturer’s instruction. The SNPs of XRCC1 (rs25487 G>A), hOGG (rs1052133 C>G), and MUTYH
(rs3219489 G>C) from the BER pathway; XPA (rs1800975 G>A) and ERCC2 (rs1799793 G>A) from the NER
pathway and XRCC3 (rs861539 C>T) from the DSBR pathway were genotyped with a polymerase chain
reaction (PCR)-based on fluorescence 5'nuclease assay (TagMan) described previously [5].

In the genotype analysis, about 5% of the samples were randomly selected for repeat, and the results
were in agreement with the original results. The genotyping results were also validated by direct sequencing
of the PCR products.

Statistical analysis

The associations between overall survival and individual SNPs were evaluated using the Kaplan-
Meier method and the Log-rank test. Hazard ratios (HR) and their 95% confidence interval (CI) were
calculated from the Cox proportional hazards regression model. Both univariate and multivariate analyses
were performed. The multivariate model included age at diagnosis, gender, histology type, disease stage,
treatment and type of surgery. Since patients with different stage of disease may receive different treatment
after surgery, we also included treatment and the type of surgery in the multivariate survival analysis
for adjustment. All statistical analyses were two-sides and P values<0.05 were considered statistically
significant. Statistical software SAS 9.1(SAS, Cary, NC) was used for data analysis. In order to evaluate the
high order gene-gene interactions and to obtain subgroups with distinct death risk, survival tree analysis
was performed. In the survival tree analysis, we examined all the covariates and chose the split nodes that
had the best separation of homogeneous groups. Tree building and tree pruning were carried out with the
R (version 2.13.0) software for statistical computing, using the part packages.

Results

Patient characteristics and clinical features

The median follow-up time of the patients was 28 months ranging from 1 to 56 months.
Of the 610 patients, there were 222 deaths and 25 lost to follow-up. Table 1 summarized the
clinical features of the patients. The mean age of patients at diagnosis was 60.30+9.14 years,
ranging from 23 to 83 years. The 2-year overall survival rate was 71.67%. As anticipated,
younger patients had longer survival time compared with the older ones. The results of Cox
regression analyses indicated that the risk of death was nearly 3-fold higher in the patients
with stage III-1V diseases compared with those with stage I-11 (HR=2.91, 95%CI:2.20-3.86)
after adjusting for age, gender, histological type, treatment and type of surgery. Furthermore,
we divided the treatment into surgery, surgery + chemotherapy, surgery+ radiotherapy,
surgery +chemotherapy +radiotherapy and found that patients who took surgery+
chemotherapy and surgery+ radiotherapy had lower risk of death than those who took only
surgery as treatment (HR=0.62 and 0.57, respectively). No significant differences in survival
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Table 1. Patient characteristics and clinical features. a: adjusted by gender, treatment and type of surgery. b:
adjusted by age, treatment and type of surgery. c: SCC (Squamous cell carcinomas); ACC (Adenocarcinomas).
d: TP(Taxol+Platinum); NP (Vinorelbine+Platinum); GP (Gemcitabine+Platinum); DP (docetaxel+platinum).
e: adjusted by age, gender, histological type, stage, treatment and type of surgery. f: adjusted by age, gender,
histological type, stage and type of surgery. treatment refer to surgery, surgery+chemotherapy, surgery+
radiotherapy, surgery+chemotherapy+radiotherapy. g: data is partly missing

Variable Number(%) C]ie‘?lislsféd 2 year survival ratio Log-rank P HR (95%CI) HRe(95%CI)
Age?
<60 279(45.74%) 86/193 77.11% 0.008 1.00 1.00
>=60 331(54.26%) 136/195 67.09% 1.44(1.10-1.88) 1.56(1.19-2.05)
Gender®

Male 411(67.38%) 154/257 68.92% 0.339 1.00 1.00

Female 199(32.62%) 68/131  77.44% 0.87(0.65-1.16)  0.87(0.65-1.17)
Histology*
Scc 272(44.59%) 272/100 70.56% 0.132 1.00 1.00
ACC 250(40.98%) 250/84 75.85% 0.93(0.70-1.25)  0.91(0.66-1.27)
Others 88(14.43%)  88/38 63.26% 1.37(0.94-1.99)  1.43(0.97-2.09)
Stage
Earlier 381(62.46%) 93/288 81.07% <.001 1.00 1.00
Later 229(37.54%) 129/100 55.60% 3.06(2.34-4.00) 2.91(2.20-3.86)
Family History
No 503(82.46%) 189/314 70.94% 0.282 1.00 1.00
Yes 107(17.54%) 33/74 75.11% 0.82(0.57-1.18)  0.76(0.52-1.11)
Smoking Status
Never smoker 177(29.02%) 64/113 74.14% 0.005 1.00 1.00
Former Smoker 142(23.28%) 36/106  79.97% 0.64(0.43-0.96)  0.67(0.43-1.05)
Current Smoker 291(47.70%) 122/169  66.12% 1.18(0.87-159) 1.16(0.82-1.65)
Chemotherapyde
TP 165(56.51%) 74/91 63.48% 0.532 1.00 1.00
NP 38(13.01%)  15/23 76.04% 0.99(0.59-1.68)  0.80(0.46-1.38)
GP 42(1438%) 14/28  70.77% 0.89(0.51-1.53)  0.77(0.44-1.35)
DP 35(11.99%) 11/24  73.98% 0.83(0.45-1.52)  0.60(0.32-1.11)
Surgery Types
Lobectomy 114(61.62) 46/68 69.77 0.014 1.00 1.00
wedge resection 56(30.27) 26/30 67.09 3.18(1.73-5.85)  2.26(1.20-4.24)
pneumonectomy 15(8.11) 11/4 26.67 1.32(0.87-1.98)  1.00(0.65-1.53)
Treatmentf
Surgery 299(49.02%) 96/203 76.33% 0.0006 1.00 1.00
Surgery+chemotherapy 237(38.85%) 83/154 71.28% 1.07(0.79-1.43)  0.62(0.42-0.93)
Surgery+radiotherapy 19(3.11%) 6/13 68.02% 0.99(0.44-2.27)  0.57(0.39-0.85)
Surgery+chemotherapy+radiotherapy  55(9.02%) 37/18 49.72% 2.13(1.46-3.11) 0.73(0.31-1.74)

were observed among patients with different gender, histology, family history of cancer,
smoking status or chemotherapy types after adjustment.

DNA repair gene polymorphisms

The genotype frequencies of the investigated SNPs listed in Table 2 were all in Hardy-
Weinberg equilibrium. Of the 6 SNPs genotyped in our study, we only found that the variant
'CG+GG'genotype of hOGGI (rs1052133 C>G) wasassociated with survival oflung cancer when
comparing to the wild 'CC' genotype (Log-rank P value=0.026). However, this significance
disappeared after adjusting for age at diagnosis, gender, disease stage, histological type and
treatment. We further stratified the association of the hOGG1 (rs1052133 C>G) SNP and lung
cancer survival by several covariates. Table 3 shows that the following patients who carried
hOGG1 variant 'G' allele had poor prognosis for lung cancer, early stage (HR=2.22, 95%CI:
1.11-4.44), age (<60 years) (HR=2.02,95%CI: 1.04-3.92), adenocarcinoma (HR=2.55, 95%CI:
1.11-5.86) and without family history of cancer (HR=1.60,95%CI: 1.04-2.45).

Among the smokers, patients who carried hOGG1 variant 'G' allele had a shorter survival
time compared to those with wild homozygote, but the difference was not significant (Log-
rank p value= 0.072, data not shown). Furthermore, when further dividing the smokers
into light and heavy ones according to the smoking amount (pack-year), we found that light
smokers with less than 40 pack-year who carried variant 'G' allele had nearly 2.6 times
higher risk of death compared to those carrying the wild 'CC' genotype (HR=2.63, 95%CI:
1.05-6.59). However, we found no significant association among the heavy smokers.
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Table 2. Polymorphisms in DNA repair pathway genes and survival of patients. a: adjusted by age, gender,
histological type, stage, treatment and type of surgery. b: adjusted by age, histological type, stage, treatment

and type of surgery
Pathway  Gene (rs)  Genotypes Number (%) log-rank p value HR (95% CI) Adjusted HR (95% CI)
All Female All  Female All Female All2 Female®
n=610 n=199
BER XRCC1 GG 341(55.90%) 111(55.78%) 0.182  0.246 1.00 1.00 1.00 1.00
1525487 GA 232(38.03%)  73(36.68%) 124(094-162) 1.49(091-243) 1.18(0.90-155) 1.28(0.77-2.12)
AA 37(6.07%)  15(7.54%) 0.80(0.42-1.53)  0.95(0.34-2.67) _ 0.76(0.40-1.45) _ 0.86(0.30-2.45)
GG 341(55.90%) 184(92.46%) 0.182  0.660 1.00 1.00 1.00 1.00
GA+AA  269(44.10%)  15(7.54%) 0222 1.18(0.90-153)  0.80(0.29-219)  1.12(0.86-146)  1.21(0.74-1.96)
h0GG1 CC 98(16.07%) 31(15.58%)  0.084  0.040 1.00 1.00 1.00 1.00
151052133 G 305(50.00%)  108(54.27%) 157(1.03-238)  2.08(0.88-4.94) 149(0.98-227)  1.83(0.77-4.36)
GG 207(3393%) _ 60(30.15%) 157(1.01-243)  2.94(121-7.14)  1.46(0.94-227)  2.68(1.09-6.60)
cC 98(16.07%)  139(69.85%) 0.084  0.048 1.00 1.00 1.00 1.00
CG+GG  512(83.93%)  60(30.15%)  0.026 157(1.05-235)  1.63(1.00-2.66) 148(0.99-221)  2.10(0.90-4.88)
MUTYH GG 229(37.54%)  68(34.17%) 0549  0.691 1.00 1.00 1.00 1.00
153219489 GC 284(46.56%)  100(50.25%) 1.096(0.82-147) 1.10(0.65-185) 117(0.87-158)  0.87(0.51-1.49)
cc 97(15.90%)  31(15.58%) 1.233(0.84-1.81)  0.80(0.37-1.72)  1.22(0.83-1.80)  0.69(0.32-1.50)
GG 229(37.54%) 168(84.42%) 0.549  0.434 1.00 1.00 1.00 1.00
GC+CC  381(6216%) 31(15.58%) 0.378 1.131(0.86-119)  0.76(038-153)  1.19(0.90-157)  0.83(0.50-1.37)
NER XPA GG 156(25.57%)  56(28.14%)  0.656  0.032 1.00 1.00 1.00 1.00
151800975 GA 290(47.54%)  100(50.25%) 0.93(0.67-1.28)  0.62(0.35-1.09)  1.00(0.72-1.38)  0.67(0.36-1.20)
AA 156(25.57%)  43(21.61%) 1.08(0.75-154)  130(0.71-237)  112(0.78-1.61) _ 1.53(0.83-2.82)
GG 156(25.57%) 156(78.39%) 0.656  0.038 1.00 1.00 1.00 1.00
GA+AA  454(7443%)  43(2161%)  0.898 098(0.73-1.32)  1.72(1.02-2.90) 1.04(0.77-1.41)  0.90(0.54-1.50)
ERCC2 GG 515(84.43%) 167(83.92%) 0.204 0.527 1.00 1.00 1.00 1.00
151799793 GA 92(15.08%)  32(16.08%) 0.87(0.60-1.27)  0.80(0.40-1.61)  0.75(0.51-1.10) ~ 0.60(0.29-1.26)
AA 3(0.49%) 0(0%) 2.94(0.73-11.83) - 2.78(0.68-11.42) -
GG 515(84.43%) 199(100.00%) 0.204 1.00 1.00 1.00 1.00
GA+AA  95(15.57%) 0(0%) 0.615 0.91(0.63-1.32) - 0.78(0.54-1.14)  0.60(0.29-1.26)
DSBR XRCC3 GG 550(90.16%) 182(91.46%) 0.151 0.828 1.00 1.00 1.00 1.00
rs861539 GA 60(9.84%)  17(8.51%) 0.69(0.412-1.15)  0.90(0.36-2.25)  0.69(0.42-1.15)  0.79(0.31-1.98)
AA 0(0%) 0(0%) - - - -
GG 550(90.16%) 199(100.00%) 0.151 1.00 1.00 1.00 1.00
GA+AA  60(9.84%) 0(0%) 0151 0.69(0.42-1.15) 0.69(0.42-1.15)  0.79(0.31-1.98)

Table 3. hOGG1 gene Polymorphism and survival of lung carcinomas in different categories. a:
adjusted by age, histological type, stage, treatment and type of surgery. b: adjusted by age, gender,
histological type, stage, treatment and type of surgery. c: adjusted by age, gender, histological type,
treatment and type of surgery. d: adjusted by gender, histological type, stage, treatment and type
of surgery. e: adjusted by age, gender, stage, treatment and type of surgery. f: SCC (Squamous cell
carcinomas); ACC (Adenocarcinomas)

HRs(95%CI)
cC CG GG GG vs. CC GG+CG/CC GG/CC+CG
O @ & Gvs.D @+@vs.[D Gvs.D+@
Gender=
Male 67 197 147 1.22(0.73-2.04) 1.35(0.85-2.14) 0.93(0.66-1.30)
Female 31 108 60 2.68(1.09-6.60) 2.10(0.90-4.88) 1.64(0.99-2.69)
Smoking statusP
Smoker 72 205 156 1.55(0.93-2.58) 1.59(0.99-2.54) 1.07(0.77-1.49)
<40 Packyear 28 101 74 2.24(0.85-5.88)  2.63(1.05-6.59) 0.91(0.56-1.46)
=40 Packyear 44 104 82 1.26(0.68-2.36)  1.10(0.62-1.94) 1.29(0.82-2.03)
Never smoker 26 100 51 1.63(0.66-4.01) 1.52(0.68-3.39) 1.18(0.67-2.006)
Stagec
I+1I 64 193 124 1.88(0.89-3.99) 2.22(1.11-4.44) 0.93(0.60-1.44)
Mm+1v 34 112 83 1.32(0.76-2.28)  1.22(0.74-2.02) 1.18(0.82-1.71)
Aged
<60 46 147 86 2.24(1.08-4.68)  2.02(1.04-3.92) 1.36(0.85-2.17)
>=60 52 158 121 1.37(0.78-2.39) 1.42(0.85-2.39) 1.02(0.72-1.45)
Histology=f
SCC 52 130 90 1.13(0.62-2.05) 1.32(0.78-2.24) 0.86(0.55-1.32)
ACC 34 133 83  2.34(0.99-5.53) 2.55(1.11-5.86) 1.43(0.91-2.23)
Family History®
No 85 248 170 1.55(097-2.49) 1.60(1.04-2.45) 1.07(0.79-1.45)
Yes 13 57 37 1.17(0.32-4.30)  1.15(0.34-3.89) 1.05(0.50-2.24)

Since female lung cancer is believed to be a distinct disease from male lung cancer based
on epidemiological and biological evidence, we further evaluated the association of DNA
repair gene polymorphisms and lung cancer survival only among female patients (Table 2).

Our results indicated that female patients carrying variant 'AA’ genotype of the XPA gene
had a 2-fold increase in risk for death compared to those with the wild 'G' allele (HR=1.72,
95%CI:1.02-2.90). The association for hOGG1 was borderline significant. Kaplan-Meier
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Fig. 1. Kaplan-Meier
curves for female 1.0
nonsmokers by XPA
rs1800975  geno-
types. The patients
who carried the XPA 01
rs1800975 homo-
zygous variant AA’
genotype have poor
survival than those

-
M‘: GG+GA

st ot —— —ofe = —— sk

who carried 'GG' or
'GA' genotype (Log-
rank P=0.021).

Surrival Distribution Function

. Log-rank P=0.021

]

0

Time(month)
STRATA: ——XPArs1800975=AA i+ Consored XPArs1800975=AA
—-XPArs1800975=GG +GA =+ Censored XPATS1800975=GG +GA

Table 4. Association between hOGGI and XPA polymorphism on female lung cancer
patients survival. a: adjusted by age, histological type, stage, treatment and type of

surgery
XPA-GG+GA XPA-AA
Number(%) HR2(95%CI) Number(%) HR3(95%CI)
XRCC1(rs25487)
GG+GA 145(72.86%) 1.00 39(19.60%) 2.16(1.26-3.71)
AA 11(5.53%)  1.24(0.44-3.48)  4(2.01%) -
hOGGI(rs1052133)
CC+CG 110(55.28%) 1.00 29(14.57%) 2.18(1.15-4.27)
GG 46(23.12%)  1.82(1.00-3.28)  14(7.04%)  2.78(1.19-6.54)
MUTYH(rs3219489)
GG+GC 131(65.83%) 1.00 37(18.59%)  2.15(1.22-3.79)
ce 25(12.56%)  0.91(0.40-2.05)  6(3.02%)  0.87(0.21-3.65)

analysis showed that patients with different XPA genotypes had quite different survival
curves (Log-rank test, P=0.021, Fig. 1). In contrast, no significant differences in survival were
observed among male patients (data not shown).

Gene-gene interactions

We further analyzed the SNP-SNP interaction in association with lung cancer survival.
When we conducted stratified analysis by the XPA genotype, we found that the variant XPA
carriers had higher risk for lung cancer death if these subjects also had the homozygous
variant 'GG' genotype of hOGG1 compared to those who had wild alleles(HR=2.78; 95%CI:
1.19-6.54) (Table 4). We didn't find any significant associations when including either XRCC1
or MUTYH polymorphisms in the analysis.

Survival tree analysis was introduced by Segal in1988, and then was widely used in
identifying subgroups of individuals at higher risk to certain diseases especially cancer
[12, 13]. The analysis is based on recursive partitioning, and its graphical output makes it
possible to visualize the prognostic subgroups of gene-gene interactions. The analysis is also
known as an extension of recursive partitioning for censored survival data. The process is to
split the covariate space into regions by a full likelihood estimation and to split the dataset
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Fig. 2. Survival tree analysis of
all investigated genes in fema-
le never smoking lung cancer
patients. Figure 2 displays the
resultant tree among female
never smoking patients after
a variety of multivariate survi-
val tree analysis of all the DNA
repair pathway genes were
computed. Node 1was chose
as reference, Node 3 has 2.18
fold risk of death when com-
pared with node 1, while Node
4 had 2.37 fold death risk.

3.78(1.21-11.78)**

*Events/Total
**HR adjusted by age, sex, histological type, and stage

into progressively homogeneous groups, until it breaks the stopping rule then stopping the
tree growth.

Figure 2 displays the resultant tree among never smoking female patients after a
variety of multivariate survival tree analysis of all the DNA repair pathway genes. It was not
surprising to find that the top two splits were XPA and hOGG1, which confirmed the results
above. Furthermore, the next best cut point to separate is MUTYH polymorphism. Figure 2
also shows the HRs and 95% CI for the four terminal nodes of the survival tree. Compared
with node 1(reference group, consisting of wild alleles of XPA and hOGG1), patients carrying
with XPA and MUTYH wild types and hOGG1 variant polymorphism had 2.18-fold increases
in risk for death (HR for node 3=2.18; 95%CI:1.18-4.04). Moreover, the subjects with the
variant genotype of hOGG1 had even higher risk for death when carrying only one variant
genotype of XPA (HRs for node 4=2.37; 95%CI: 1.32-4.27).

Discussion

Consistent with the literature, we found advanced disease stage and older ages at
diagnosis were independently associated with NSCLC survival in our study. We also detected
a possible association between DNA repair gene polymorphisms and overall survival of lung
cancer among Chinese patients. The variant 'G' allele of hOGG1 rs1052133 was associated
with increased risk of death, especially in female, early stage disease, adenocarcinoma,
light smokers, or patients without a family history of cancer. Moreover, for female patients,
the genetic polymorphism of XPA rs1800975 was shown some influences on lung cancer
survival besides the BER gene polymorphism.

A significant association between the hOGGI (rs1052133 C>G) polymorphism and
increased lung cancer susceptibility was demonstrated in a meta-analysis [14]. Genetic
polymorphisms have emerged as a risk factor not only for cancer development, but also for
cancer progression and prognosis [15]. A study reported by Shen et al. showed that patients
with the variant 'CG/GG' genotypes of hOGG1 had a shorter survival time compared to those
with the wild 'CC' genotype, although the difference was not significant (Log-rank p=0.098)
[16]. In vitro experiments demonstrated that the variant ‘G’ allele of hOGG1 was associated
with higher level of 8-OH-dG protein, but lower enzymatic activity of 8-OH-dG compared to
the wildtype 'C' allele [17, 18]. In addition, the hOGG1 protein encoded by the ‘G’ allele could
promote the accumulation of oxidative adducts, such as 8-oxo-G, which might increase the
mutation rates [19]. Based on these findings, it is not surprised that lung cancer patients
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who carried the hOGG1 ‘G’ allele might have poor survival outcomes. Our study did show that
patients carrying the hOGG1 variant ‘G’ allele had poor survival, which was especially evident
in female patients, early stage of cancer, adenocarcinoma, light smokers, and those without
a family history of cancer. Our results were basically consistent with those observed by Shen
et al., except for a few small differences which were probably due to different sample sizes,
ethnic variations, and less prevalence of the ‘G’ allele in the Caucasian population.

It is well known that smoking is the predominant risk factor of lung cancer. However,
not all lung cancer patients have a history of smoking, especially for female patients. Females
are more likely than males to have non-smoking lung cancer, although the etiology of lung
cancer for non-smoking females is unclear. Based on different epidemiological and biological
features between male and female lung cancer patients, female lung cancer has been
suggested to be treated differently as a distinct disease [1, 20-22]. That notion is further
confirmed by molecular and genetic analysis which show unique features of methylation
index and mutations in P53,EGFR and KRAS [23]. Our results suggested that XPA (rs1800975
G>A) polymorphism had a possible influence on lung cancer survival among female patients
in addition to the polymorphism of hOGGI gene. Moreover, survival tree analysis which
showed good discriminative survival profiles from different gene variation further indicated
the combined effect of XPA and hOGG1 on survival outcomes.

Our previous study showed that the variant ‘AA" genotype of XPA was significantly
associated with increased risk of NSCLC [5], and this association was also supported by a
large meta-analysis [24]. Similar to our results, some studies suggested the variant ‘A’ allele
of XPA rs1800975 was a risk factor for survival in lung cancer [25-28]. One study focused on
younger patients and ever smokers with less than 36 pack-year [25]. Other studies indicated
that the ‘A’ allele-associated unfavorable overall survival of NSCLC may be related to the poor
response of patients to treatment [26-28]. XPA polymorphisms had been reported to affect
patient response to platinum-based chemotherapy [29].

The SNP at XPA (rs1800975 G>A), is particularly interesting because it is located in the
region near the transcription initiation codon at the 5’'UTR, and it may affect the transcription
of the XPA gene which plays a critical role in the NER pathway. In addition, this substitution
may remove a CpG site, which can interfere with methylation of the XPA promoter and proper
regulation of XPA expression [30]. The XPA allele may also be in linkage disequilibrium with
some alleles from the adjacent genes which are susceptible for survival outcomes [26, 31].
Finally, a recent study found that the XPA (rs1800975 G>A) SNP may alter the occurrence of
TP53 mutations in lung cancer, which can lead to a more aggressive phenotype, resulting in
poor survival [32]. However, functional evaluations and population studies are still needed
to explain the finding of our study in female non-smoking patients.

It has been reported that XRCC1 rs25487 is associated with the survival of non-smoking
female patients with lungadenocarcinoma [33]. However, we did not find a similar association
in our results. Different findings between studies may be due to patient differences with
regard to their treatment -46% of patients received chemotherapy in our study, while 88% of
patients received chemotherapy or radiotherapy in the other study. Treatment may influence
the course of tumor progression. For the polymorphisms of MUTYH, ERCCZ2, and XRCC3, we
found no significant associations with lung cancer survival. These results were similar to
those of previous studies [34, 35].

Poor survival in NSCLC is partly attributed to drug resistance. It has been reported that
genetic Variants and protein expressions might affect the platinum-based chemotherapy
response and prognosis of advanced NSCLC patients [36, 37]. Platinum-based chemotherapy
as amain treatment for lung cancer exerts its anti-cancer effect largely through the formation
of bulky platinum-DNA adducts, which result in destabilization of the DNA double helix that
otherwise blocks replication and inhibits transcription. Since adduct-induced DNA damage
is repaired mainly by NER and BER, these DNA repair functions play an important role in
determining the sensitivity of tumor cells to platinum treatment [38]. Polymorphisms in the
DNA repair pathway genes, such as ERCC1, XRCC1, ERCC2 and XRCC(C3, may affect the activities
of DNA repair and therefore influence patient’s response to platinum-based chemotherapy,
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ultimately impacting on disease outcomes and patient survival [27, 38-44]. The complexity
of the DNA repair mechanisms along with the heterogeneity of tumor cells, however, may
complicate our effort to understand the effect of genetic polymorphisms on DNA repair
functions and substantially on patient’s response to chemotherapy which is based the
DNA damage mechanisms. Despite the complication, we did find evidence to support the
possibility that genetic polymorphisms involved in DNA repair capacity may affect treatment
influencing patient survival.

Our study, however, was still relatively small and had limited follow-up time. The
observations were retrospective without sufficient control for confounding. To confirm our
findings, prospective studies with larger sample size and longer follow-up time are needed
with adjustment for more confounding variables. The detailed mechanisms of chemotherapy-
induced DNA damage and repair remain to be elucidated.

In conclusion, for non-smoking female NSCLC, genetic polymorphisms in the NER
pathway may play a role in survival. SNPs both in NER and BER may have a joint effect on
NSCLC survival.

Abbreviations
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