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Abstract: We conducted a prospective study to analyze whether ERCC1 rs11615 and rs3212986 and ERCC2 
rs13181 and rs1799793 gene polymorphisms could serve as potential biomarkers for the prognosis of gastric can-
cer. A total of 228 patients with pathologically proven gastric cancer and receiving platinum-based chemotherapy 
were recruited from our hospital between October 2009 and October 2011. The ERCC1 rs11615 and rs3212986 
and ERCC2 rs13181 and rs1799793 polymorphisms were genotyped using the polymerase chain reaction restric-
tion fragment length polymorphism (PCR-RFLP) assay. Conditional logistic regression analysis revealed that patients 
carrying the CA and AA genotypes of ERCC1 rs3212986 polymorphism showed a poorer response to chemotherapy 
compared to the CC genotype (CA vs. CC: OR = 0.28, 95% CI = 0.06-0.98, P = 0.04; AA vs. CC: OR = 0.49, 95% CI 
= 0.06-0.98, P = 0.01). Moreover, the CA+AA genotype of ERCC1 rs3212986 polymorphism showed a significantly 
poorer response to chemotherapy (CA+AA vs. CC: OR = 0.49, 95% CI = 0.27-0.90). Patients with the AA genotype of 
ERCC1 rs3212986 polymorphism had a longer overall survival time when compared with the CC genotype (34.91 
months vs. 51.19 months, log-rank P = 0.003). The AA genotype of ERCC1 rs3212986 polymorphism in gastric 
cancer patients was correlated with a higher risk of death from varying causes by the Cox proportional hazards 
model, compared to the CC genotype (HR = 6.19, 95% CI = 1.42-30.60). In conclusion, the ERCC1 rs3212986 
polymorphism was found to influence the response to chemotherapy and overall survival of gastric cancer patients.
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Introduction

Almost one million new cases of gastric cancer 
were estimated to have occurred in 2012 
(952,000 cases, 6.8% of the total), making it 
the fifth most common malignancy in the world, 
after cancers of the lung, breast, colorectum 
and prostate [1]. This represents a substantive 
change since the very first estimates in 1975 
when gastric cancer was the most common 
neoplasm. More than 70% of cases (677,000 
cases) occur in developing countries (456,000 
in men, 221,000 in women), and half the world 
total occurs in Eastern Asia (mainly in China) 
[1]. Gastric cancer can be successfully treated 
if tumors are discovered early and removed sur-
gically; however, most patients are diagnosed 
at a later stage. The development of valid thera-
pies for advanced gastric cancer is fairly slow 

[2]. Systemic chemotherapy is the primary 
treatment for advanced gastric cancer, but gen-
erating resistance is a main cause of chemo-
therapy failure. Tumor-node-metastasis (TNM) 
stage and patients’ age is the most important 
prognostic factor for gastric cancer [3]. However, 
patients with similar TNM stage and patients’ 
age show different prognosis of gastric cancer, 
which suggest that genetic biomarkers may 
have a role in the prognosis of gastric cancer 
patients. Therefore, identification of genetic 
biomarkers could be helpful in designing indi-
vidualized therapy, post-operational treatment 
and follow-up strategies.

NER plays an important role in the repair of  
various distorting helix-distorting lesions [4]. 
Excision repair cross complementation group 1 
(ERCC1) and ERCC2 are two DNA repair genes, 
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whose products are important in NER lie on 
chromosome 19q13.3. These two enzymes  
of this pathway are correlated with resistance 
to cisplatin chemotherapy, and the two gene 
polymorphisms are a part of an endonuclease 
complex. ERCC1 plays an important role in  
the DNA damage incision, and ERCC2 is in- 
volved in the damage unwinding process [5, 6]. 
Alteration of NER capacity may influence the 
sensitivity to chemotherapy, and contribute to 
the individualized treatment outcome of sever-
al kinds of cancers, such as nasopharyngeal 
cancer, non-small cell lung cancer and ovarian 
cancer [7-9]. Several previous studies have 
reported the association between ERCC1 and 
ERCC2 gene polymorphisms and development 
of gastric cancer, but the results are inconsis-
tent [7-10]. Therefore, we conducted a pro- 
spective study to analyze whether ERCC1 rs- 
11615 and rs3212986 and ERCC2 rs13181 
and rs1799793 gene polymorphisms could 
serve as potential biomarkers for prognosis  
of gastric cancer receiving platinum-based 
chemotherapy.

Materials and methods

Study population

A total of 266 patients with pathologically prov-
en gastric cancer and receiving platinum-based 
chemotherapy were recruited from our hospital 
between October 2009 and October 2011. 
Patients who had primary tumors other than 
gastric cancer, tumors of an unknown origin or 
any histopathological diagnosis other than gas-
tric cancer were excluded. Patients who had 
received preoperative radiotherapy or chemo-
therapy and had distant metastasis before par-
ticipating into this study were excluded from 
the study group. Among these patients, 228 
patients with gastric cancer agreed to partici-
pate in this study (participation rate = 85.71%). 
The signed informed consent forms were 
gained from all gastric cancer patients.

The demographic and clinical characteristics of 
the enrolled patients, including sex, age, histo-
logical classification, TNM stage, and lymphatic 
metastasis, were collected from the patient 
medical records.

The tumors were histopathologically classified 
based on Lauren’s classification. The TNM 
stage of gastric cancer was defined according 

to the 7th edition of the TNM staging system of 
the International Union Against Cancer (UICC)/
American Joint Committee on Cancer (AJCC). 
The project was approved by the ethics commit-
tee of our hospital.

Assessment of clinical outcome

All 228 gastric cancer patients were treated 
with platinum-based chemotherapy, and the 
gastric cancer patients received chemotherapy 
treatment evaluation based on the RECIST cri-
teria [11]. Gastric cancer patients who show- 
ed complete response (CR) or partial response 
(PR) to chemotherapy were considered as re- 
sponse to chemotherapy, while patients who 
showed stable disease (SD) or progressive dis-
ease (PD) were considered as non-response to 
chemotherapy. Gastric cancer patients were 
subjected to chemotherapy intervals of three 
weeks for up to six cycles, unless unacceptable 
toxicity levels were reached, or in case of dis-
ease progression. The event of our study was 
death from varying causes, and overall survival 
(OS) was used to describe the outcome vari-
able. The OS was defined as the time from the 
beginning of study (January 2010) to death or 
the end of follow-up (October 2014).

Genotyping

Two milliliters of peripheral blood was collected 
from the patients prior to their treatment in 
EDTA-anticoagulant tubes. Genomic DNA was 
extracted from the blood, using the QIAamp 
DNA MAX Kit (Qiagen, Hilden, Germany). The 
ERCC1 rs11615 and rs3212986 and ERCC2 
rs13181 and rs1799793 polymorphisms were 
assessed using the polymerase chain react- 
ion restriction fragment length polymorph- 
ism (PCR-RFLP) assay. The following forward 
and reverse primers were used in this assay: 
rs11615: 5’-GCTGTGCACTCCAGTGGTTC-3’ and 
5’-GTGGAGCTTGTTGAGGAGGT-3’; rs3212986: 
5’-CAGAGACAGTGCCCCAAGAG-3’ and 5’-GGG- 
CACCTTCAGCTTTCTTT-3’; rs13181: 5’-CCGTTC- 
TGACTCCTGTCACC-3’ and 5’-CCCTCTCCCTTTC- 
CTCTGTT-3’; rs1799793: 5’-CAGCTCATCTCTGC- 
AGGATCAA-3’ and 5’-GTCTCAGGGTGCAGCACA- 
AGGA-3’. The restriction enzymes for rs11615, 
rs3212986, rs13181 and rs1799793 were Tai 
I, Pvu II, Mbo II and Eco130I, respectively. The 
PCR conditions were set as follows: initial dena-
turation at 94°C for 8 minutes, followed by 30 
cycles of denaturation at 94°C for 30 seconds, 
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annealing at 60°C for 30 seconds, and exten-
sion at 72°C for 1 minute. The DNA fragments 
were confirmed via electrophoresis on a 3.5% 
agarose gel, which was subsequently visualized 
under UV light after staining with ethidium 
bromide.

Statistical analysis

The demographic and clinical data were 
expressed as number (N) and percentage (%). 
Conditional logistic regression analysis was 
used to evaluate the association between 
rs11615, rs3212986, rs13181 and rs17997- 
93 polymorphisms and response to chemo- 
therapy, and the results were shown as odds 
ratio (ORs) and corresponding 95% confidence 
intervals (95% CI). Cox proportional hazards 
model was taken to analyze the association 
between rs11615, rs3212986, rs13181 and 
rs1799793 polymorphisms and overall survival 
of gastric cancer patients, and the associat- 
ion was shown as the hazard ratio (HR) with a 
95% CI. Survival curves were analyzed by the 
Kaplan-Meier method. Two-sided P values < 
0.05 were considered to be statistically sig- 

nificant. Statistical analyses were performed 
on a statistical package SPSS 16.0 software 
platform (version 16.0, SPSS Inc., Chicago, IL, 
USA).

Results

The clinical and demographic characteristics of 
228 patients with gastric cancer are summa-
rized in Table 1. The mean age of the patients 
with gastric cancer was 56.65±11.52 years. 
There were 120 females (52.63%) and 108 
males (47.37%) in our study. Of 228 patients 
with gastric cancer, 109 subjects (47.81%) had 
a tobacco smoking habit, 97 (42.54%) had  
alcohol drinking habit, 84 (36.84%) were intes-
tinal type, 144 (63.16%) were diffuse type, 49 
(21.49%) were at stage I-II and 179 (78.51%) 
were at stages III-IV. One hundred and fifty 
three patients (67.11%) showed CR+PR to che-
motherapy, while 75 (32.89%) showed SD+PD 
to chemotherapy (Table 1).

Association between ERCC1 rs11615 and rs- 
3212986 and ERCC2 rs13181 and rs1799793 
polymorphisms and response to chemotherapy 
in gastric cancer patients were shown in Table 
2. Conditional logistic regression analysis re- 
vealed that patients carrying the CA and AA 
genotypes of ERCC1 rs3212986 polymorphism 
showed a poorer response to chemotherapy 
compared to the CC genotype (CA vs. CC: OR  
= 0.28, 95% CI = 0.06-0.98, P = 0.04; AA vs. 
CC: OR = 0.49, 95% CI = 0.06-0.98, P = 0.01). 
Moreover, the CA+AA genotype of the ERCC1 
rs3212986 polymorphism showed a signifi-
cantly poorer response to chemotherapy when 
compared with the CC genotype (CA+AA vs.  
CC: OR = 0.49, 95% CI = 0.27-0.90). However, 
we observed no significant association bet- 
ween the ERCC1 rs11615, ERCC2 rs13181 
and rs1799793 polymorphisms and response 
to chemotherapy in patients with gastric can- 
cer.

At the end of the follow-up period, sixty one 
patients died from varying causes, and the five 
year survival rate of gastric cancer patients is 
calculated to be 73.25%. Patients with the AA 
genotype of ERCC1 rs3212986 polymorphism 
had a longer overall survival time when com-
pared with the CC genotype (34.91 months vs. 
51.19 months, log-rank P = 0.003) (Figure 1). 
The AA genotype of ERCC1 rs3212986 poly-
morphism in gastric cancer patients was corre-
lated with a higher risk of death from varying 

Table 1. Characteristics of patients with gas-
tric cancer

Characteristics Patients with 
gastric cancer %

Age, years 56.65±11.52
    <55 99 43.42
    ≥55 129 56.58
Gender
    Female 120 52.63
    Male 108 47.37
Tobacco smoking
    Never 119 52.19
    Ever 109 47.81
Alcohol drinking
    Never 131 57.46
    Ever 97 42.54
Lauren’s classification
    Intestinal 84 36.84
    Diffuse 144 63.16
TNM stage
    I-II 49 21.49
    III-IV 179 78.51
Response to chemotherapy
    CR+PR 153 67.11
    SD+PD 75 32.89
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causes by the Cox proportional hazards model, 
compared to the CC genotype (Table 3). The 
adjusted HR (95% CI) for the AA genotype ver-
sus the CC genotype of rs3212986 polymor-
phism was 6.19 (1.42-30.60) (P = 0.0025).

way [12, 13]. High expression of ERCC1 has 
been demonstrated to be correlated with poor 
response to chemotherapy because the ERCC1 
protein influences the repair of platinum-
induced DNA damage [14-17]. Platinum-based 

Table 2. Association between ERCC1 and ERCC2 gene polymorphisms and response to chemotherapy
SNPs Patients % CR+PR % SD+PD % OR (95% CI)1 P value
rs11615
    TT 106 46.49 75 49.02 31 41.33 1.0 (Ref.) -
    TC 100 43.86 64 41.83 36 48.00 0.73 (0.39-1.37) 0.3
    CC 22 9.65 14 9.15 8 10.67 0.72 (0.25-2.21) 0.51
    TC+CC 122 53.51 78 50.98 44 58.67 0.73 (0.40-1.33) 0.27
rs3212986 0.00
    CC 118 51.75 88 57.52 30 40.00 1.0 (Ref.) -
    CA 99 43.42 60 39.22 39 52.00 0.52 (0.28-0.97) 0.03
    AA 11 4.82 5 3.27 6 8.00 0.28 (0.06-0.98) 0.04
    CA+AA 110 48.25 65 42.48 45 60.00 0.49 (0.27-0.90) 0.01
rs13181 0.00
    AA 116 50.88 82 53.59 34 45.33 1.0 (Ref.) -
    AC 83 36.40 54 35.29 29 38.67 0.59 (0.24-1.51) 0.21
    CC 29 12.72 17 11.11 12 16.00 0.59 (0.24-1.51) 0.21
    AC+CC 112 49.12 71 46.41 41 54.67 0.72 (0.40-1.30) 0.24
rs1799793 0.00
    GG 125 54.82 87 56.86 38 50.67 1.0 (Ref.) -
    GA 85 37.28 56 36.60 29 38.67 0.84 (0.45-1.59) 0.57
    AA 18 7.89 10 6.54 8 10.67 0.55 (0.18-1.73) 0.23
    GA+AA 103 45.18 66 43.14 37 49.33 0.78 (0.43-1.41) 0.38
1Adjusted for age, gender, Lauren’s classification, TNM stage and lymphatic metastasis.

Figure 1. Kaplan-Meier survival curves by ERCC1 rs3212986 polymor-
phisms in gastric cancer patients.

Discussion

In the present study, we inves-
tigated the influence of ERCC1 
and ERCC2 polymorphisms in 
DNA repair mechanisms on 
the treatment response and 
survival in gastric cancer 
patients treated with plati-
num-based chemotherapy. 
We found that the CA and  
AA genotypes of ERCC1 rs- 
3212986 polymorphism were 
associated with response to 
chemotherapy, while the AA 
genotype of the ERCC1 
rs3212986 polymorphism in- 
fluenced both EFS and OS of 
gastric cancer patients.

The ERCC1 protein is a major 
component of the NER com-
plex, acting as the rate-limit-
ing enzyme in the NER path-
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chemotherapy is a commonly used chemother-
apeutic agent that exerts its cytotoxic effect 
mainly through formation of different kinds of 
DNA lesions, which could induce inter-strand 
and intra-strand cross-link generation, as well 
as DNA-protein cross-links, resulting in inhibi-
tion of cell growth and apoptosis of targeted 
cells unless repair [18]. DNA repair mecha-
nisms may therefore play a very important role 
in response to platinum-based chemotherapy. 
Particularly NER enzymes are among the most 
important factors that can modify susceptibility 
to platinum-based chemotherapy, and contrib-
ute to interindividual differences in response 
between patients.

It is reported that ERCC1 enzyme involved in 
recognizing and removing platinum-induced 
intra-strand adducts in DNA, and this gene 
polymorphism was associated with resistant to 
platinum-based chemotherapy in various can-
cer, such as non-small cell lung cancer, gastric 
cancer, breast cancer, colorectal cancer and 
ovarian cancer as well as esophageal squa-
mous cell carcinoma [19-25]. Kalikaki et al. 
have conducted a study in a Greek population, 
and they found that ERCC1 rs3212986 poly-

morphism contributed to the response to che-
motherapy [19]. Zhou et al. conducted a study 
in a Chinese population, and they reported that 
ERCC1 rs3212986 polymorphism influenced 
the response to chemotherapy and overall sur-
vival of gastric cancer [20]. Palomba et al. 
reported that ERCC1 rs3212986 polymor-
phism may predict favorable prognosis in 
breast cancer patients undergoing a platinum-
based treatment [22]. Chen et al. reported that 
ERCC1 rs3212986 polymorphism was signifi-
cantly associated with survival of esophageal 
squamous cell carcinoma in a Chinese popula-
tion [25]. However, some studies reported 
inconsistent results. Park et al. conducted a 
study in American population, and they report-
ed that ERCC1 rs3212986 polymorphism could 
not predict the clinical outcome in advanced 
colorectal cancer patients [23]. Qi et al. con-
ducted a study in a Chinese population, and 
reported that ERCC1 rs3212986 polymor-
phism did not contribute to the development of 
ovarian cancer patients treated with platinum-
based chemotherapy [24]. The inconsistency 
results might be due to differences in ethnici-
ties, source of patients, sample size, and by 
chance.

Table 3. Association between ERCC1 and ERCC2 gene polymorphisms and overall survival of gastric 
cancer

SNPs Mean survival, 
months

P value 
(log-rank) Patients % Succumbed % Survived % HR (95% CI)1 P value

rs11615 61 167
    TT 47.92 106 46.49 28 45.90 78 46.71 1.0 (Ref.) -
    TC 46.92 100 43.86 27 44.26 73 43.71 1.03 (0.53-2.00) 0.92
    CC 45.71 22 9.65 6 9.84 16 9.58 1.05 (0.30-3.17) 0.93
    TC+CC 46.11 0.42 122 53.51 33 54.10 89 53.29 1.03 (0.55-1.94) 0.91
rs3212986
    CC 51.19 118 51.75 26 42.62 92 55.09 1.0 (Ref.) -
    CA 47.13 99 43.42 28 45.90 71 42.51 1.40 (0.72-2.71) 0.29
    AA 34.91 11 4.82 7 11.48 4 2.40 6.19 (1.42-30.60) 0.0025
    CA+AA 45.77 0.003 110 48.24 35 57.38 75 44.91 1.65 (0.87-3.12) 0.09
rs13181
    AA 48.40 116 50.88 29 47.54 87 52.10 1.0 (Ref.) -
    AC 47.12 83 36.40 23 37.70 60 35.93 1.14 (0.58-2.28) 0.67
    CC 45.93 29 12.72 9 14.75 20 11.98 1.35 (0.48-3.53) 0.51
    AC+CC 46.64 0.39 112 49.12 32 52.46 80 47.90 1.20 (0.64-2.25) 0.54
rs1799793
    GG 48.42 125 54.82 31 50.82 94 56.29 1.0 (Ref.) -
    GA 46.10 85 37.28 23 37.70 62 37.13 1.12 (0.57-2.20) 0.71
    AA 44.54 18 7.89 7 11.48 11 6.59 1.93 (0.58-6.00) 0.21
    GA+AA 45.20 0.07 103 45.17 30 49.18 73 43.71 1.25 (0.66-2.34) 0.46
1Adjusted for age, gender, Lauren’s classification, TNM stage and lymphatic metastasis.
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Two previous studies have reported the associ-
ation between ERCC1 rs3212986 gene poly-
morphisms and treatment outcome of gastric 
cancer received platinum-based chemotherapy 
[26-28]. Xue et al. have reported that ERCC1 
rs11615 and rs3212986 polymorphisms could 
affect the clinical outcome of patients with gas-
tric cancer [26]. Another study in Chinese popu-
lation found that the ERCC1 rs3212986 did not 
contribute to the response to chemotherapy 
and clinical outcome of patients with gastric 
cancer [27]. In our study, we suggested that the 
AA genotype of ERCC1 rs3212986 could influ-
ence the response to platinum-based chemo-
therapy and overall survival of gastric cancer 
patients, which is inconsistent with previous 
results. Further large sample studies are great-
ly needed to confirm our findings.

We identified three limitations in this study. 
First, patients were selected from one hospital, 
which suggests that the sample used by this 
study would not likely be representative of 
other populations. Therefore, selective bias 
may exist in this hospital. Second, the sample 
size of patients with gastric cancer was rela-
tively small, which might limit the statistical 
power to find an association between groups. 
Third, the risk of gastric cancer might be modi-
fied by many other DNA repaired genes in addi-
tion to the ERCC1 and ERCC2 genes. Further 
studies with large sample size are greatly need-
ed to verify the results of our study.

In conclusion, the ERCC1 rs3212986 polymor-
phism was found to influence the response to 
chemotherapy and overall survival of gastric 
cancer patients. These findings may be useful 
in predicting the clinical outcome of patients 
with gastric cancer. Further studies are required 
to confirm the clinical significance of these 
results.
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