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Summary

PRINCIPLES: Platinum agents cause DNA cross-linking
and oxidative damage. Genetic polymorphisms of GSTP1
and XRCC1 involved in glutathione metabolic and DNA
repair pathways may explain inter individual differences in
chemosensitivity and clinical outcome in NSCLC patients
treated with platinum-based regimens.
METHODS: We used DNA sequencing methods to eval-
uate genetic polymorphisms of the GSTP1A313G and
XRCC1G28152A in 111 patients with stage IV NSCLC
treated with platinum-based chemotherapy. Clinical re-
sponse was evaluated according to RECIST criteria after
2–3 cycles of chemotherapy and time to progression (TTP)
was calculated from the time of initial treatment to disease
progression.
RESULTS: GSTP1A313G and XRCC1G28152A poly-
morphisms, both alone and in combination, were signi-
ficantly associated with response to treatment and clinical
outcome (p <0.05) in NSCLC patients treated with
platinum-based chemotherapy. These polymorphisms inde-
pendently predicted clinical outcome even after taking into
account age, gender, tumour histology, tumour differenti-
ation and chemotherapy regimens.
CONCLUSION: Genetic polymorphisms of GSTP1 and
XRCC1 may be important predictive factors in platinum-
treated patients with advanced NSCLC. Assessment of ge-
netic variations of GSTP1 and XRCC1 could facilitate
therapeutic decisions for individualised therapy in ad-
vanced NSCLC.
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Introduction

Lung cancer is one of the most prevalent cancers world-
wide, and it has become the leading death cause in cities
in China [1]. About 80% of lung cancer patients are dia-
gnosed as non-small cell lung cancer (NSCLC), of whom

approximately two thirds are diagnosed in advanced stages
[2]. Chemotherapy has been the mainstay of treatment for
advanced NSCLC. Platinum-based doublets are used as
standard first line chemotherapy in NSCLC patients, with
an objective response rate of about 40%, a median survival
time of 8–10 months and a one-year survival rate of
30–40% [3, 4]. However, even patients with the same
demographic and clinical characteristics usually display
different responses and varied prognosis. Thus, the concept
of individualised chemotherapy based on pharmacogenet-
ics and pharmacogenomics becomes more intriguing, and
one of the remaining challenges is the development of pre-
dictive markers to individualise and optimise patient ther-
apies.
Platinum agents remain the most commonly used chemo-
therapeutic agents in advanced NSCLC patients and are
known to act through the formation of bulky intra- and
interstrand DNA adducts that inhibit DNA synthesis and
transcription. Proposed mechanisms of resistance to plat-
inum agents have been attributed to inactivation of platin-
um compounds through the glutathione metabolic pathway
and increased tolerance to DNA damage as a consequence
of enhanced DNA repair capacity. It is more likely that
it is the combination of these mechanisms that results in
cisplatin resistance. Glutathione S-transferases (GSTs) are
phase II metabolic enzymes that are involved in the detox-
ification of mutagenic and cytotoxic DNA-reactive molec-
ules mediated by glutathione conjugation. Currently, many
of the commonly used drugs in lung cancer chemotherapy
are metabolised by the glutathione system, especially the
platinum drugs [5]. Glutathione S-transferase P1 (GSTP1)
is a subclass of GSTs that directly participates in the de-
toxification of platinum compounds and is an important
mediator of both intrinsic and acquired resistance to plat-
inum [6]. A single nucleotide substitution (A→G) at pos-
ition 313, which results in replacement of isoleucine (Ile)
with valine (Val) at codon 105, has been found to modi-
fy enzyme activity and affinity for electrophilic substrates
[7]. Previous studies have shown that expression level and
the polymorphic A313G of GSTP1 are linked to the sens-
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itivity of cancer cells to platinum [8]. It has also been
demonstrated that enhanced DNA repair capacity is further
critical mechanism of resistance to platinum-based chemo-
therapy that leads to the removal of cisplatin-DNA adducts.
Genetic polymorphisms of DNA repair genes are therefore
obviously good candidates for determinants of repair capa-
city and chemotherapy efficacy. X-ray cross-complement-
ing group 1 (XRCC1) is a key enzyme in the gap-filling
step of the short patch base excision repair (BER) pathway.
The BER pathway, which is involved in protecting cells
from the deleterious effects of endogenous DNA damage
induced by hydrolysis, reactive oxygen species and other
intracellular metabolites that modify DNA base structure,
is also important in resisting lesions produced by ioniz-
ing radiation and strong alkylating agents, such as platin-
um agents. The XRCC1G28152A polymorphism was asso-
ciated with a better survival in NSCLC patients following
platinum-based chemotherapy [9, 10].
Thus, we hypothesised that a cancer patient’s inherited gen-
otype for the GSTP1 and the XRCC1 gene may influence
his or her survival, but evidence for a role of these genet-
ic differences in lung cancer patients is limited. We invest-
igated response rate and survival in relation to GSTP1 and
XRCC1 genotypes in advanced NSCLC patients treated
with platinum-based doublets as first-line chemotherapy.

Patients and methods

Patient selection
158 patients with histologically confirmed NSCLC were
enrolled from October 2008 to February 2010 and were
treated at Cancer Treatment Centre in the Affiliated Hospit-
al of Qingdao University Medical College (China). In or-
der to avoid the confounding effect of differences in out-
come resulting from clinical stage, only NSCLC patients
in stage IV were included in the analysis, and only pa-
tients with platinum-based doublets as first-line chemother-
apy were recruited. There were 116 patients eligible for the
study. The 116 patients, who were all Chinese Han people,
also met the following prerequisites: (1) all patients had
bi-dimensionally measurable disease with CT or MRI; (2)
patients’ performance status was evaluated according to
Eastern Cooperative Oncology Group (ECOG) criteria, and
each patient’s ECOG status was not greater than 2; (3) each
participant’s haemogram, hepatic function, renal function
and electrocardiogram were normal before chemotherapy.
All the 116 patients signed an informed consent form be-
fore entering the study.

Chemotherapy regimens
All patients had received platinum-based doublets as first-
line chemotherapy as shown in table 1. Concrete dosage:
DDP (cisplatin) 75 mg/m2 on day 1; CBP (carboplatin)
AUC = 4–5 g on day 1; DOC (docetaxel) 75 mg/m2 on day
1 (kept for 1h); GEM (gemcitabine) 1,250 mg/m2 on day
1 and day 8; NVB (vinorelbine) 25 mg/m2 on day 1 and
day 8; PEM (pemetrexed) 500 mg/m2 on day 1. All chemo-
therapeutic drugs were given intravenously, and the treat-
ment cycles were repeated every 3–4 weeks.

Clinical evaluation
Patient response to treatment was determined after 2–3
cycles according to the Response Evaluation Criteria In
Solid Tumours (RECIST) criteria [11]. In order to analyse
the association between genotype and response to chemo-
therapy, patients with complete response (CR) and partial
response (PR) were determined as “responders”. Patients
with stable disease (SD) and progressive disease (PD) were
referred to as “non-responders”. Time to progression (TTP)
was calculated from the time of initial treatment to disease
progression.

DNA isolation and genotyping
Two millilitres of peripheral whole blood samples were ob-
tained from each patient before chemotherapy for DNA
isolation and genotype determination. DNA was extracted
from these samples using Whole Blood DNA Extraction
Kit (Spin-column, Beijing BioTeKe Corporation). The ge-
netic polymorphisms of GSTP1A313G and
XRCC1G28152A were analysed by DNA sequencing
methods. The primer sequences were as follows:
(1)GSTP1gene,F:5’-
GGAGTGGAGGAAACTGAGACC-3’,R:5’-
GCAATAAGGGTGCAGGTTGT-3’;(2)XRCC1gene,F:5’-
GCCCCTCAGATCACACCTAA-3’,R:5’-
ACCGGGACTCACTTTGAATG-3’. Briefly, the 15 μl
polymerase chain reaction (PCR) mixture contained
10×Buffer (Mg2+) 1.5 μl, PrimerF 0.3 μl, PrimerR 0.3 μl,
dNTP 0.4 μl, Taq enzyme 0.4 μl and ddH2O 12.1 μl. Reac-
tions were incubated at 94 °C for 2 min, then denatured at
94 °C for 30s, followed by 35 cycles of 58–60 °C for 45s
and 72 °C for 50s, and extended at 72 °C for 7 min. The fin-
al products were purified using MultiScreen PCR 96-Well
Plate (Millipore). Then ABI 3730XL sequencer (Applied
Biosystems, USA) was used to determine the genotypes.
Thirty randomly selected DNA samples were sequenced
twice for confirmation and the results were 100% concord-
ant.

Statistical analysis
Statistical analysis was performed using SPSS Software
Package Version 13.0 (SPSS Inc., Chicago, IL, USA). Be-
fore assessing clinical associations, deviations from
Hardy–Weinberg equilibrium for each SNP genotype were
assessed using the Pearson χ2test. Demographic and clin-
ical information was compared across genotype, also using
Pearson χ2 tests. Contingency tables and Pearson χ2 tests
were applied to test the significance of differences between
genotypes and clinical response. We performed multivari-
ate (logistic regression) analysis of the various contributing
factors for response, such as gender, tumour histology,
chemotherapy regimens, tumour differentiation and genetic
polymorphisms. Odds ratios (OR) and their 95% confiden-
ce intervals (CI) were calculated using the binary logistic
regression model. The genotype effect on patient’s survival
was analysed using the Kaplan-Meier method. Comparison
of survival curves was made using the Log-rank test. Haz-
ard ratios (HRs) were determined using the Cox propor-
tional hazard model. All p values reported were two-sided,
and a probability level of less than 0.05 was considered
statistically significant.
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Results

Patient characteristics
Finally, 111 of 116 patients enrolled in the study were eli-
gible for data analysis. Three participants were withdrawn
from the study because of failure of DNA extraction or
genotyping, and two patients refused further chemotherapy
due to unacceptable toxicity after one cycle of chemother-
apy. The main characteristics of the 111 patients are shown
in table 1. The median age was 57 years old (range 42–71
years).

Allele frequencies
The DNA sequencing analysis of the polymorphism loc-
ated at GSTP1A313G showed that 63 (56.75%) were ho-
mozygous for A/A genotype, 40 (36.04%) were heterozyg-

Figure 1

Association between GSTP1A313G genotypes (A/G and G/G as a
combined group) and time to progression (TTP) in patients with
advanced NSCLC receiving platinum-based chemotherapy. The
vertical hash marks denote the time of last follow up for those
patients lost to follow …up.

ous for A/G genotype and 8 (7.21%) were homozygous
for G/G genotype. The frequencies for A and G alleles
were 74.77% and 25.23%, respectively. Owing to small
sample size of G/G genotype, we integrated them with A/G
genotype. For XRCC1G28152A, 71 (63.96%) were homo-
zygous for G/G genotype, 34 (30.63%) were heterozyg-
ous for G/A genotype and 6 (5.41%) were homozygous for
A/A genotype. The frequencies for G and A alleles were
79.28% and 20.72%, respectively. Also, we integrated the
A/A genotype with G/A genotype. Genotype frequencies
for GSTP1 and XRCC1 polymorphisms were both found to
be in Hardy-Weinberg equilibrium (GSTP1: χ2 = 0.082, P
= 0.960; XRCC1: χ2 = 0.155, P = 0.925). No associations
were detected between genotype and age, gender, histolo-
gical type or tumour differentiation (P >0.05).

Figure 2

Association between XRCC1G28152A genotypes (G/A and A/A as
a combined group) and time to progression (TTP) in patients with
advanced NSCLC receiving platinum- based chemotherapy. The
vertical hash marks denote the time of last follow up for those
patients lost to follow up.

Table 1: Patient clinicopathological characteristics and chemotherapy regimens (n = 111).

Characteristics No. of Patients %
Age

≤60
>60

75
36

67.57
32.43

Gender
Male
Female

67
44

60.36
39.64

Histology
Adenocarcinoma
Squamous cell carcinoma
Others

53
47
11

47.75
42.34
9.91

Differentiation
Well
Moderate
Poor

17
54
40

15.31
48.65
36.04

Performance status*
0
1
2

46
45
20

41.44
40.54
18.02

Chemotherapy regimens
DDP/CBP+DOC
DDP/CBP+GEM
DDP/CBP+NVB
DDP/CBP+PEM

44
37
21
9

39.64
33.33
18.92
8.11

* Performance status was classified according to Eastern Cooperative Oncology Group (ECOG) criteria.
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Treatment response and genotype
Of the 111 patients, 35 patients experienced partial re-
sponse (PR) whereas 28 showed stable disease (SD) and
48 experienced progressive disease (PD). The total chemo-
therapy efficiency was 31.53% (35/111).

GSTP1 genotype and treatment response
As shown in table 2, the GSTP1A313G polymorphism was
significantly associated with response to platinum-based
chemotherapy (χ2 = 8.013, P = 0.005). Patients with at least
one variant allele (A/G+G/G) were more likely to respond
to platinum-based chemotherapy compared with those with
the homozygous wild genotype (A/A). Multivariate analys-
is adjusted for age, gender, tumour histology, tumour dif-
ferentiation and chemotherapy regimens revealed that the
GSTP1A313G polymorphism was independently associ-
ated with an objective response to platinum-based chemo-
therapy (OR, 3.961; 95%CI, 1.531–10.245; P = 0.005).

XRCC1 genotype and treatment response
For XRCC1G28152A genotype, patients with the homo-
zygous wild genotype (G/G) had a higher response rate
compared with those with at least one variant allele geno-
types (G/A+A/A), and the difference was significant (χ2 =
7.916, P = .005) as shown in table 2. Multivariate analys-
is adjusted for age, gender, tumour histology, tumour dif-
ferentiation and chemotherapy regimens showed that the
XRCC1G28152A polymorphism was independently asso-
ciated with response to platinum-based chemotherapy (OR,
3.700; 95%CI, 1.307–10.473; P = 0.014).

The combination of GSTP1A313G and
XRCC1G28152A polymorphisms and treatment
response
Based on the analysis results above, we defined GSTP1
A/G+G/G genotypes and XRCC1 G/G genotype as favour-
able genotypes and other genotypes as risk genotypes. It
was notable that there were no individuals with four variant

Figure 3

Association between the combination of GSTP1A313G and
XRCC1G28152A polymorphisms (group 1: GSTP1 A/G+G/G and
XRCC1 G/G genotype, group 2: GSTP1 A/G+G/G and XRCC1
G/A+A/A genotype, group 3: GSTP1 A/A and XRCC1 G/A+A/A
genotype) and time to progression (TTP) in patients with advanced
NSCLC receiving platinum- based chemotherapy. The vertical hash
marks denote the time of last follow up for those patients lost to
follow up.

alleles, that is, no patients had GSTP1 G/G genotype and
XRCC1 A/A genotype simultaneously. Chemotherapy ef-
ficiency of patients with GSTP1 A/G+G/G and XRCC1
G/G genotype (group 1), GSTP1 A/G+G/G and XRCC1
G/A+A/A genotype (group 2), GSTP1 A/A and XRCC1
G/A+A/A genotype (group 3) were 46.81% (22/47),
29.17% (7/24) and 15.00% (6/40) respectively. The differ-
ence was significant (χ2 = 10.207, P = 0.006). Multivariate
analysis adjusted for age, gender, tumour histology, tumour
differentiation and chemotherapy regimens revealed that
the combination of GSTP1A313G and XRCC1G28152A
polymorphisms was independently associated with re-
sponse rate to platinum-based chemotherapy (P = 0.009),
as shown in table 3.

Time to progression (TTP) and genotype
The median follow up time was 8.0 months (range 3.0 to
13.0 months). Overall, the median TTP was 8.0 (7.173 to
8.827) months for 105 patients. Until the end of follow
up, all patients had disease progression and 6 patients who
were lost to follow up were treated as censored data.

GSTP1 genotype and TTP
Patients with at least one variant genotype of the GSTP1
gene (A/G+G/G) had longer TTP in our study. Individuals
with the homozygous wild genotype (A/A) had a median
TTP of 6.5 (5.785 to 7.215) months, whereas those with at
least one variant genotypes (A/G+G/G) had a median TTP
of 9.0 (8.365 to 9.635) months (log-rank test, P = 0.004;
table 4; fig. 1). In the Cox proportional hazards model,
after adjusting for age, gender, tumour histology, tumour
differentiation and chemotherapy regimens as an indicat-
or variable, we found that the hazard ratio (HR) was high-
er for individuals with homozygous wild A/A genotypes
(HR, 1.852; 95%CI, 1.185–2.893; P = 0.007) compared
with A/G+G/G genotypes.

XRCC1 genotype and TTP
For XRCC1 genotype, individuals with the homozygous
wild genotype (G/G) had a median TTP of 8.5 (7.857 to
9.143) months, whereas those with at least one variant
genotype (G/A+A/A) had a median TTP of 6.0 (5.497 to
6.503) months (log-rank test, P = 0.007; table 4; fig. 2).
In the Cox proportional hazards model, after adjusting for
age, gender, tumour histology, tumour differentiation and
chemotherapy regimens as an indicator variable, we found
that the hazard ratio (HR) was higher for individuals with
G/A+A/A genotypes (HR, 1.768; 95%CI, 1.143–2.734;
P = 0.010) compared with wild genotypes (G/G).

The combination of GSTP1A313G and
XRCC1G28152A polymorphisms and TTP
The median TTP of patients in group 1, group 2, group 3
were 9.000 (8.475 to 9.525) months, 6.500 (4.580 to 8.420)
months and 6.000 (5.497 to 6.503) months respectively.
The difference was significant (log-rank test, P = 0.007;
table 5; fig. 3). In the Cox proportional hazards model, after
adjusting for age, gender, tumour histology, tumour differ-
entiation and chemotherapy regimens as an indicator vari-
able, we found that the combination of GSTP1A313G and
XRCC1G28152A polymorphisms was independently asso-
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ciated with TTP of the patients (P = 0.012), and the hazard
ratio (HR) was significantly higher for individuals in group
3 (HR, 2.084; 95%CI, 1.282–3.390; P = 0.003) compared
with patients in group 1.

Discussion

Nowadays, pharmacogenetics is becoming an increasingly
intriguing field in the study of cancer chemotherapy. There
is a growing body of evidence suggesting that genetic poly-
morphisms in genes involved in metabolism, signalling,
DNA-repair and cellular response pathways may contribute
to inter individual variability of drug response and toxicity
[12, 13], but little has been successfully translated to the
clinical setting. Given that the diagnosis of advanced can-
cers is mainly based on a small needle biopsy sample, using
tumour tissue to acquire further predictive or prognostic in-
formation may be difficult. Thus, assessing germline genet-
ic polymorphisms from peripheral venous blood either as
prognostic or predictive markers becomes much more ap-
pealing, especially in the advanced cancer setting.
In our study, we attempted to examine whether polymorph-
isms of GSTP1 and XRCC1 genes related to the metabol-
ism of cisplatin and DNA repair could be used as predictors
of the clinical outcome of patients with advanced NSCLC
treated with platinum-based chemotherapy. We found that
the GSTP1 and XRCC1 genetic polymorphisms, both
alone and in combination, are associated with chemosensit-
ivity and clinical outcome in this patient population.

Glutathione S-transferases are crucial to the cell defence
system, and these phase II detoxification enzymes are in-
volved in the detoxification of a variety of chemothera-
peutics including platinum. Glutathione S-transferases P1
(GSTP1), located on chromosome 11q13 in humans, is ex-
pressed in many human epithelial tissues and is the most
abundant GST isoform in the lung. A313G in exon 5 is one
of the common single nucleotide polymorphisms in GSTP1
that lead to amino acid substitutions. In addition, stud-
ies suggest that the variant genotype results in diminished
enzymatic activity. Thus, individuals with variant GSTP1
genotypes may possess increased susceptibility to cancer
but good responses to chemotherapy due to decreased de-
toxification of carcinogens and chemotherapeutic agents.
Numerous epidemiologic studies have studied possible as-
sociations between GSTP1 polymorphisms and the risk of
lung cancer, often with controversial results [14–17]. Clin-
ical studies have also implicated GSTP1 as a predictive
marker for clinical outcome in patients with cancer treated
with platinum-based chemotherapy [18–20]. Sun et al. [21]
found that the A→G change of GSTP1A313G polymorph-
ism significantly increased platinum-based chemotherapy
response in advanced NSCLC patients. Our results indicate
that A/G and G/G genotypes of codon 105 polymorphism
of GSTP1 gene are favourable genotypes for chemotherapy
response and survival of NSCLC patients receiving
platinum-based chemotherapy and are consistent with pre-
vious study reports [18, 20, 21].
Growing evidence has suggested that single nucleotide
polymorphisms (SNPs) in DNA repair genes can affect re-

Table 2: GSTP1 and XRCC1 polymorphism and chemotherapy response (n = 111).

Clinical response Χ2-test logistic regressionGenotype Cases
CR+PR SD+PD χ2 P OR(95%CI) P

GSTP1
A/G+G/G
A/A

48
63

22
13

26
50 8.013 0.005

1.000
3.961(1.531–10.245) 0.005

XRCC1
G/G
G/A+A/A

71
40

29
6

42
34 7.916 0.005

1.000
3.700(1.307–10.473) 0.014

Table 3: The combination of GSTP1 and XRCC1 polymorphisms and chemotherapy response (n = 111).

Clinical response Χ2-test logistic regressionGenotype Cases
CR+PR SD+PD χ2 P OR(95%CI) P

Group 1
Group 2
Group 3

47
24
40

22
7
6

25
17
34

10.207 0.006
1.000
3.421(0.943–12.409)
5.516(1.775–17.140)

0.061
0.003

Table 4: GSTP1 and XRCC1 polymorphism and TTP (n = 105).

log-rank test Cox regression analysisGenotype Cases Median TTP
(95%CI) χ2 P OR(95%CI) P

GSTP1
A/G+G/G
A/A

45
60

9.0(8.365–9.635)
6.5(5.785–7.215) 8.233 0.004

1.000
1.852(1.185–2.893) 0.007

XRCC1
G/G
G/A+A/A

67
38

8.5(7.857–9.143)
6.0(5.497–6.503) 7.225 0.007

1.000
1.768(1.143–2.734) 0.010

Table 5: The combination of GSTP1 and XRCC1 polymorphisms and TTP (n = 105).

log-rank test Cox regression analysisGenotype Cases Median TTP
(95%CI) χ2 P OR(95%CI) P

Group 1
Group 2
Group 3

44
23
38

9.0(8.475–9.525)
6.5(4.580–8.420)
6.0(5.497–6.503) 9.839 0.007

1.000
1.631(0.902–2.950)
2.084(1.282–3.390)

0.106
0.003
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pair efficiency [22, 23]. Suboptimal DNA repair may lead
to the decreased removal of platinum-DNA adducts and
may therefore increase cancer risk [24, 25] and clinical re-
sponse to platinum therapy [26]. The X-ray repair cross
complementing group 1 (XRCC1) gene is a member of
the base excision repair (BER) pathway. The XRCC1 gene
product plays an important role in the BER pathway by
acting as a scaffold for other DNA repair proteins, such
as DNA polymerase β and DNA ligase III [27]. Genetic
polymorphisms of the XRCC1 gene have been identified
at C26304T (codon 194,exon 6) and G28152A (codon
399,exon 10), and these polymorphisms may confer differ-
ent activity. Carriers of the XRCC1-399 A/A variant allele
have been shown to have higher levels of DNA adducts
[28] and tobacco-related DNA damage [29, 30] and an in-
creased risk of grade 3 or 4 gastrointestinal toxicity when
treated with first line cisplatin-based chemotherapy [31].
Sarada Gurubhagavatula et al. [32] reported that advanced
NSCLC patients with XRCC1-399 variant genotype (A/A)
were associated with shorter overall survival. Our results
found that G/G genotype of codon 399 are favourable gen-
otypes for chemotherapy response and survival of NSCLC
patients receiving platinum-based chemotherapy.
Furthermore, it highlights the fact that combined GSTP1
and XRCC1 gene polymorphisms are involved in gluta-
thione metabolic and DNA repair pathways and we found
that these two favourable genotypes were significantly as-
sociated with a good treatment outcome. This causes us to
believe that in future studies we should focus on different
mechanisms related to platinum agent resistance simultan-
eously. It is also interesting that the median TTP of patients
in group 2 (GSTP1 A/G+G/G and XRCC1 G/A+A/A geno-
type) was shorter than patients with GSTP1 A/G+G/G gen-
otype alone (9.0 months vs 6.5 months). We may infer that
the more favourable response of GSTP1 A/G+G/G carrier
is partially neutralised by the presence of XRCC1 G/G+A/
A, the unfavourable genotype. This phenomenon must be
confirmed by subsequent research.
However, some conflicting reports exist in the literature
[33–36]. Due to several different aspects of study design,
including size of the study populations, observation of
NSCLC patients in particular stages or of all lung cancers,
length of follow up and choice of different end points, dis-
cordant results may appear. Other possible explanations
may be attributed to some other potential factors that might
affect the clinical outcome to chemotherapy, such as ethnic
background, geographic pattern or other potential genetic
factors. In addition, the limitations of our study must be ac-
knowledged. Due to the relatively small sample size, we
intend to expand our sample size in subsequent studies to
acquire further validation and to concentrate on overall sur-
vival, the most objective outcome in our study population.
Based on early research and our study, we speculated that
the GSTP1A313G variant genotype (A/G+G/G) and
XRCC1G28152A wild genotype (G/G) are associated with
improved clinical outcome among patients with advanced
NSCLC treated with platinum-based chemotherapy. Fur-
ther studies evaluating platinum-based chemotherapy and
overall survival data are needed to validate these findings
and to determine the prognostic significance of GSTP1 and
XRCC1 genotype in patients with advanced NSCLC. Des-

pite the limitations mentioned above, the data from our
study contribute significant information on the prognost-
ic and predictive value of these polymorphisms and may
prove to be useful tools whilst working towards individual-
ising NSCLC treatment strategies.
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Figures (large format)

Figure 1

Association between GSTP1A313G genotypes (A/G and G/G as a combined group) and time to progression (TTP) in patients with advanced
NSCLC receiving platinum-based chemotherapy. The vertical hash marks denote the time of last follow up for those patients lost to follow …up.

Figure 2

Association between XRCC1G28152A genotypes (G/A and A/A as a combined group) and time to progression (TTP) in patients with advanced
NSCLC receiving platinum- based chemotherapy. The vertical hash marks denote the time of last follow up for those patients lost to follow up.
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Figure 3

Association between the combination of GSTP1A313G and XRCC1G28152A polymorphisms (group 1: GSTP1 A/G+G/G and XRCC1 G/G
genotype, group 2: GSTP1 A/G+G/G and XRCC1 G/A+A/A genotype, group 3: GSTP1 A/A and XRCC1 G/A+A/A genotype) and time to
progression (TTP) in patients with advanced NSCLC receiving platinum- based chemotherapy. The vertical hash marks denote the time of last
follow up for those patients lost to follow up.
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