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Abstract: We conducted a perspective study to assess the association between ERCC1 and XPF polymorphisms 
and response to chemotherapy and clinical outcome of NSCLC receiving chemotherapy. Between May 2009 and 
May 2011, a prospective study was conducted on 240 NSCLC cases. Genotypes of ERCC1 (rs11615, rs3212986 
and rs2298881) and XPF (rs2276465 and rs6498486) were performed by Polymerase Chain Reaction Restriction 
Fragment Length Polymorphism (PCR-RFLP) assay. By conditional logistic regression analysis, patients carrying AA 
genotype of ERCC1 rs11615 showed more CR+PR to chemotherapy when compared with GG genotype, and the 
adjusted OR (95% CI) was 2.73 (1.21-6.18). By Cox regression analysis, AA genotype of ERCC1 rs11615 was associ-
ated with longer overall survival of NSCLC, and the adjusted HR (95% CI) was 0.38 (0.14-0.96). In conclusion, our 
study found that ERCC1 rs11615 polymorphism can influence the chemotherapy response and overall survival of 
NSCLC patients receiving cisplatin-based chemotherapy.
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Introduction

Lung cancer is one of the most common can-
cers worldwide for several decades, and it is 
the main cause of cancer-related mortality [1]. 
There are estimated to be 1.8 million new 
cases in 2012 (12.9% of the total), 58% of 
which occurred in the less developed regions 
[1]. It is estimated that about 80% of lung can-
cer patients are non-small cell lung cancer 
(NSCLC). Most of NSCLC patients present 
advanced status when they are diagnosed. 

Despite the development of therapeutics for 
NSCLC and the improvement of diagnosis in 
recent years, the NSCLC patients showed a 
19%-38% 5-years survival rate after diagnosis 
[2]. Previous study reported that the outcome 
of patients was significantly improved after 
receiving cisplatin-based chemotherapy, and 
the efficacy and toxicity of chemotherapy treat-
ment are largely individual in patients. Recent 
studies showed that genetic factors can play an 
important role in different treatment effects of 

cisplatin-based chemotherapy [3, 4]. Gene poly-
morphisms involved in altering the activity of 
enzymes and transporters can influence the 
efficacy of cisplatin-based chemotherapy [5].

Nucleotide excision repair (NER) is one of the 
important DNA repair pathways for repairing the 
chromosomal breakage or rearrangement from 
DNA damage, replication errors and recombina-
tion processes [6]. The excision repair cross-
complimentary group 1 gene (ERCC1) encodes 
a subunit of the NER complex required for the 
incision step of NER, which forms a heterodimer 
with the xeroderma pigmentosum complemen-
tation group F (XPF) endonuclease to catalyze 
the 5’ incision during excision of the DNA lesion 
[7]. The ERCC1-XPF complex is a structure-spe-
cific endonuclease essential for the repair of 
DNA damage through the NER pathway, and it 
has an important role in several key cellular pro-
cesses, such as DNA interstrand crosslink 
repair and DNA double-strand break repair [7]. 

Previous studies report that polymorphisms in 
ERCC1 and XPF are associated with response 
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to chemotherapy and clinical outcome of sev-
eral kinds of cancers, including gastric cancer, 
non-small cell lung cancer, head and neck can-
cer and ovarian cancer [8-12]. However, previ-
ous studies reported inconsistent results on 
the association between ERCC1 and XPF poly-
morphisms and the response to chemotherapy 
and clinical outcome of NSCLC [13-16]. 
Therefore, we conducted a perspective study to 
assess the association between ERCC1 and 
XPF polymorphisms and response to chemo-
therapy and clinical outcome of NSCLC receiv-
ing chemotherapy. 

Patients and methods

Subjects

Between May 2009 and May 2011, a prospec-
tive study was conducted on 240 NSCLC cases, 
and they were diagnosed at stage III-IV, and the 
median age 61.5 years (34-78 years). All the 
patients were treated with cisplatin-based che-
motherapy. All of the patients were histopatho-
logically confirmed. All patients did not receive 
systemic anticancer chemotherapy previously. 
Patients who had serious concomitant system-
ic disorder unable to receive chemotherapy, 
concurrent chemo-radiotherapy, brain metas-

tasis with symptoms, without comprehensive 
data, developing gastric ulcer and neutral sys-
tem diseases which may affect the safety of 
patients or the evaluation of results were 
excluded from our study. Written informed con-
sent was obtained from all patients for blood 
sample collection to establish the clinical sig-
nificance of genetic polymorphisms in the cispl-
atin-based chemotherapy. This study was 
approved by ethics committee of the Fifth 
Affiliated Hospital of Zhengzhou University.

Chemotherapy regimens

All participants were treated with one of the fol-
lowing cisplatin-based combination chemother-
apy regimen: cisplatin and gemcitabine (GP), 
cisplatin and vinorelbine (NP), cisplatin and 
paclitaxel (TP), or cisplatin and docetaxel (DP). 
The chemotherapy treatment was repeated 
every three weeks. The treatment was contin-
ued for a maximum of four cycles. The treat-
ments were suspended until disease progres-
sion or unacceptable toxicity.

The patients were followed up until May 2014, 
with a median follow-up time of 21.6 months 
(range from 2 months to 60 months). All 
patients were followed up by telephone or 
attending clinics every one month until death or 
the end of follow-up.

All the patients completed two cycles of chemo-
therapy, and the treatment efficacy was evalu-
ated according to Response Evaluation Criteria 
in Solid Tumors criteria (Duffaud and Therasse, 
2000). NSCLC patients with complete remis-
sion (CR) and partial remission (PR) to chemo-
therapy were considered as responders, and 
patients with stable disease (SD) and progres-
sive disease (PD) to chemotherapy were regard-
ed as non-responders. Overall survival (OS) was 
defined as the period between the date of treat-
ment and the data of death from any cause. 
Patients without an event or death at the time 
of the analysis were censored at the end of this 
study.

Blood samples and genotyping

5 ml peripheral blood was gained from each 
patient and control subject, and the blood sam-
ple was kept in -70°C until use. Genomic DNA 
was isolated from peripheral blood lympho-
cytes using Qiagen blood mini kit (Qiagen, 

Table 1. Demographic characteristics of 
patients
Characteristics Patients %
Age, years
    <60 103 42.92 
    ≥60 137 57.08 
Gender
    Male 155 64.58 
    Female 85 35.42 
Tobacco smoking
    Never 147 61.25 
    Ever 93 38.75 
TNM stage
    III 113 47.08 
    IV 127 52.92 
Histology
    Squamous cell carcinoma 132 55.00 
    Adenocarcinoma 100 41.67 
    Other 8 3.33 
Response to chemotherapy
    CR+PR 92 38.33 
    SD+PD 148 61.67 
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Germany) by the manufacturer’s protocol. 
Genotypes of ERCC1 (rs11615, rs3212986 
and rs2298881) and XPF (rs2276465 and 
rs6498486) were performed by Polymerase 
Chain Reaction Restriction Fragment Length 
Polymorphism (PCR-RFLP) assay. Primers and 
probes of ERCC1 (rs11615, rs3212986 and 
rs2298881) and XPF (rs2276465 and 
rs6498486) were designed using Sequenom 
Assay Design 3.1 software. Briefly PCR was car-
ried out in a final volume of 25 μL containing 50 
ng genomic DNA templates, 1×PCR buffer with 
2 mM MgCl2, 0.5 μM of each primer, 50 μM 
dNTPs and 0.5 U DNA polymerase. For PCR 
amplification, the standard program was used 
as follows: one initial denaturation step at 94°C 
for 7 min, followed by 35 denaturation cycles of 
1 min at 94°C, 1 min of annealing at 60°C, and 
1 min of extension at 72°C, followed by a final 
elongation cycle at 72°C for 10 min.

Statistical analysis

Continuous variables were expressed as mean 
± standard deviation (SD), and categorical vari-
ables were expressed as n (%) of study partici-
pants. The association between response to 

chemotherapy and ERCC1 (rs11615, rs3212- 
986 and rs2298881) and XPF (rs2276465 and 
rs6498486) were described as odds ratio 
(ORs) and 95% confidence interval (CI) in condi-
tioned logistic regression. The prognostic value 
of different SNPs for the PFS was estimated by 
multivariate analysis using the Cox regression 
analysis, describing as the hazard ratio (HR) 
and 95% confidence interval (CI). Survival 
curves were analyzed by the Kaplan-Meier 
method. Meanwhile, the demographic charac-
teristics were adjusted in order to avoid poten-
tial confounding effects, including age, sex, 
tobacco smoking, histological types and TNM 
stage at entry. P values <0.05 with two-sided 
were considered statistical differences. Data 
were performed by the statistical software 
SPSS Statistics (version 16.0, SPSS Inc., Chi- 
cago, IL, USA).

Results

The demographic and clinical characteristics of 
the NSCLC cases are presented in Table 1. The 
mean age of the NSCLC subjects was 63.1±10.5 
years old (range: 31 and 80 years old). Of 240 
patients, 155 (64.58%) were males, 93 

Table 2. Association between ERCC1 and XPF polymorphisms and response to chemotherapy in 
NSCLC patients
SNPs Total frequencies % CR+PR N=92 % SD+PD N=148 % OR (95% CI) P value
ERCC1 rs11615
    GG 112 46.67 36 39.13 76 51.12 Ref. -
    AG 89 37.08 34 36.96 55 33.84 1.31 (0.70-2.44) 0.37
    AA 39 16.25 22 23.91 17 15.04 2.73 (1.21-6.18) 0.007
ERCC1 rs3212986
    CC 99 41.25 37 40.22 62 41.72 Ref. -
    AC 102 42.50 38 41.30 64 40.88 0.99 (0.54-1.83) 0.99
    AA 39 16.25 17 18.48 22 17.40 1.29 (0.57-2.93) 0.5
ERCC1 rs2298881
    AA 147 61.25 53 57.61 94 61.65 Ref. -
    AC 60 25.00 24 26.09 36 24.32 1.18 (0.61-2.28) 0.59
    CC 33 13.75 15 16.30 18 14.03 1.48 (0.64-3.39) 0.31
XPF rs2276465
    CC 142 59.17 51 55.43 91 61.51 Ref. -
    CG 58 24.17 23 25.00 35 22.22 1.17 (0.59-2.29) 0.62
    GG 40 16.67 18 19.57 22 16.27 1.46 (0.67-3.15) 0.3
XPF rs6498486
    AA 157 65.42 57 61.96 100 67.35 Ref. -
    AC 50 20.83 20 21.74 30 19.61 1.17 (0.57-2.35) 0.63
    CC 33 13.75 15 16.30 18 13.04 1.46 (0.63-3.33) 0.32
Adjusted for sex, age, tobacco smoking, TNM stage and histology.
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(38.75%) had a habit of tobacco smoking, 127 
(52.92%) were at IV of TNM stage, and 132 
(55.00%) were squamous cell carcinoma and 
148 (61.67%) showed SD+PD to chemo- 
therapy.

At the end of the follow-up, 92 NSCLC patients 
showed good response to cisplatin-based che-
motherapy, with a response rate of 38.33%. By 
conditional logistic regression analysis, pati- 
ents carrying AA genotype of ERCC1 rs11615 
showed more CR+PR to chemotherapy when 
compared with GG genotype, and the adjusted 
OR (95% CI) was 2.73 (1.21-6.18) (Table 2). 
However, we did not find significant association 
between ERCC1 rs3212986, ERCC1 rs2298- 
881, XPF rs2276465 and XPF rs6498486 poly-
morphisms and response to chemotherapy in 
NSCLC.

At the end of May 2014, 157 patients died from 
all causes, and the five-year survival rate is 
34.58%. By Cox regression analysis, AA geno-
type of ERCC1 rs11615 was associated with 
longer overall survival of NSCLC, and a 
decreased risk of death from NSCLC. The 

associated with longer overall survival of NSCLC 
patients.

ERCC1 is one important protein of the NER 
pathway, and it is involved in repairing inter-
strand and intrastrand cross-links caused by 
cisplatin-based chemotherapy in several kinds 
of cancer [17-20]. For the association between 
ERCC1 polymorphisms and treatment efficacy 
of NSCLC, several previous studies reported 
their association in different kinds of popula-
tions [9, 13-16]. Zhao et al. reported that 
ERCC1 rs11615 and rs3212986 polymor-
phisms may be helpful for designing individual-
ized cancer treatment for NSCLC patients [13]. 
Lv et al. found that ERCC1 polymorphism are 
correlated with response to platinum-based 
chemotherapy in NSCLC [15]. Huang et al. 
investigated the association between ERCC1 
and XPF polymorphisms and clinical outcome 
of advanced NSCLC, and reported that patients 
carrying the ERCC1 rs3212986 polymorphism 
were significantly associated with increased 
risk of death from NSCLC [9]. However, some 
studies reported that ERCC1 could not influ-
ence the treatment efficacy of NSCLC patients 

Table 3. Association between ERCC1 and XPF polymorphisms and 
overall survival of NSCLC patients

SNPs Death 
N=157 % Alive 

N=83 % HR (95% CI) P 
value

ERCC1 rs11615
    GG 85 54.14 27 32.53 Ref. -
    AG 57 36.31 32 38.55 0.76 (0.41-1.41) 0.35
    AA 15 9.55 24 28.92 0.38 (0.14-0.96) 0.03
ERCC1 rs3212986
    CC 66 42.04 33 39.76 Ref. -
    AC 63 40.13 39 46.99 0.87 (0.47-1.64) 0.65
    AA 28 17.83 11 13.25 1.14 (0.49-2.62) 0.73
ERCC1 rs2298881
    AA 100 63.69 47 56.63 Ref. -
    AC 38 24.20 22 26.51 0.89 (0.44-1.74) 0.71
    CC 19 12.10 14 16.87 0.77 (0.30-1.84) 0.53
XPF rs2276465
    CC 95 60.51 47 56.63 Ref. -
    CG 38 24.20 20 24.10 0.97 (0.48-1.92) 0.92
    GG 24 15.29 16 19.28 0.89 (0.38-1.97) 0.75
XPF rs6498486
    AA 106 67.52 51 61.45 Ref. -
    AC 32 20.38 18 21.69 0.93 (0.44-1.90) 0.83
    CC 19 12.10 14 16.87 0.78 (0.31-1.86) 0.56
Adjusted for sex, age, tobacco smoking, TNM stage and histology.

adjusted HR (95% CI) was 
0.38 (0.14-0.96) for AA geno-
type compared to GG geno- 
type (Table 3, Figure 1).

Discussion

It is well known that tradition-
al selection of chemotherapy 
treatment could significantly 
improve chemotherapy effica-
cy and clinical outcome of 
cancer patients. However, 
individualized chemotherapy 
through molecular biomarkers 
could greatly improve the 
treatment efficacy of cancer 
patients. In this prospective 
study, we investigated the role 
of ERCC1 and XPF polymor-
phisms in response to chemo-
therapy and clinical outcome 
of NSCLC receiving chemo-
therapy. Our results found 
that patients carrying AA gen-
otype of ERCC1 rs11615 
showed more CR+PR to che-
motherapy when compared 
with GG genotype, and was 
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treated with cisplatin-based chemotherapy. 
Sullivan et al. investigated the role of DNA 
repair genes in the treatment effectiveness of 
platinum-based chemotherapy in NSCLC, but it 
did not find significant association between 
ERCC1 polymorphisms and clinical outcome of 
NSCLC [21]. A recent meta-analysis with 9615 
cases and 5542 controls assessed the role of 
ERCC1 gene polymorphisms (C118T and 
C8092A) in this clinical outcome of NSCLC, and 
suggested that ERCC1 rs11615 polymorphism 
may serve as a biomarker for lung cancer risk 
and have prognostic value in patients with 
advanced NSCLC undergoing platinum-based 
treatment [22]. The results of our study are in 
line with previous, which suggest that ERCC1 
rs11615 polymorphism can influence the clini-
cal outcome of NSCLC.

XPF is also another important protein in the 
NER pathway, and this protein plays an impor-
tant role in recombination repair, mismatch 
repair, and possibly, immunoglobulin class 
switching, owing to its function in identifying 
damage sites [23]. The polymorphisms of XPF 
can alter the function of XPF, and thus influence 
its role in the treatment efficacy of chemother-
apy. Only three previous studies reported the 
role of XPF polymorphism in the clinical out-
come of cancers [9, 23, 24]. However, the three 
studies did not find significant association 
between XPF polymorphisms and clinical out-
come of cancers. In our study, we also did not 

find that XPF polymorphisms can influence the 
response to chemotherapy and clinical out-
come of NSCLC. Therefore, further studies are 
greatly needed to confirm our findings.

In conclusion, our study found that ERCC1 
rs11615 polymorphism can influence the che-
motherapy response and overall survival of 
NSCLC patients receiving cisplatin-based che-
motherapy. ERCC1 rs11615 may substantially 
contribute to the future design of individualized 
cancer treatment in NSCLC patients. Therefore, 
further large sample studies are greatly 
required to confirm our results.
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