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Abstract We aimed to evaluate the clinical response to
platinum-based chemotherapy and treatment outcome of gas-
tric cancer patients in the present of ERCC1, ERCC2, NBN,
RADS51, and XRCC3 gene polymorphisms. A number of 415
patients of gastric cancer that received platinum-based chemo-
therapy were enrolled in the present study. The presence of
ERCC1 1511615 and rs2298881, ERCC2 rs1799793 and
rs13181, NBN rs1805794, rs709816, and RADS51 rs1801321
and XRCC3 151799794 were determined using polymerase
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chain reaction-restriction fragment length polymorphism
(PCR-RFLP) method. Conditional regression analysis identi-
fied that CC genotype of ERCC1 rs11615 and AA genotype of
ERCC2 151799793 was associated with a better response to
chemotherapy in gastric cancer patients, and the odds ratio
(ORs)(95% confidence interval (CI)) were 2.70(1.33-5.70)
and 3.12(1.52-6.84), respectively. By the Cox analysis, the
CC genotype of ERCCI 1511615, AA genotype of ERCC2
151799793, and CC genotype of NBN 151805794 were signif-
icantly associated with a longer overall survival (OS) of gastric
cancer. In conclusion, our results suggest that ERCC1 1511615,
ERCC2 151799793, and NBN rs1805794 polymorphisms in
the DNA repair pathways may influence the response to che-
motherapy and OS of gastric cancer.

Keywords Single nucleotide polymorphism - DNA repair
pathway - Gastric cancer - Chemotherapy - Overall survival

Introduction

Gastric cancer is the fourth most common cancer and the
second most common cause of cancer-related death all over
the world, especially in East Asia [1]. It is estimated that more
than 70 % of gastric cases occur in developing countries, and
half of the newly occurred gastric cancer cases were in China
[1, 2]. Surgery for early-stage gastric cancer is used as a
primary method, but many gastric cancer cases still present
local or distant recurrence even when receiving similar treat-
ment. Platinum-based chemotherapy for gastric cancer is con-
sidered as a systemic therapy following primary surgery or as
neoadjuvant chemotherapy before surgery in patients with
advanced gastric cancer [3].

The prognosis of gastric cancer cases was improved sig-
nificantly through chemotherapy, and the main reasons are
that the efficacy and toxicity showed are greatly individual in
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different patients [4, 5]. Recently, increasing evidences
showed that many gene polymorphisms have an important
role in influencing the response to chemotherapy, such as
excision repair cross-complementation group 1 (ERCC1),
excision repair cross-complementation group 4 (ERCC4), X-
ray repair cross-complementing group 1 (XRCCI1), and vas-
cular endothelial growth factor (VEGF) genes in gastric can-
cer patients [6—10]. It is reported that platinum analog has a
critical role in binding DNA and forming DNA adducts, both
intrastrand and interstrand cross-links (ICLs), and inhibiting
DNA replication [11]. Previous studies reported that DNA
repair mechanisms are key factors in determining the response
to platinum-based chemotherapy [6, 10]. DNA repair path-
ways are complex and have a role in many different enzymes.
Enzymes in nucleotide excision repair (NER) pathway can
affect many helix-distorting DNA lesions and cytotoxic DNA
interstrand cross-links [12], and there are two common en-
zymes in the NER pathway, including excision repair cross-
complementation group 2 (ERCC2) gene and excision repair
cross-complementation group 1 (ERCC1), which are reported
to be associated with chemotherapy response and prognosis of
gastric cancer [6, 10].

Homologous recombination repair (HRR) plays an impor-
tant role in successfully repairing other complex DNA dam-
age. Nibrin (NBN) is one important enzyme in the HRR
pathway, and it has a role in recognizing DNA damage and
RADS51 recombinase (RADS1) and X-ray complementing
defective repair in Chinese hamster cells 3 (XRCC3) catalyses
homologous search and strand invasion. However, previous
few studies reported the association between NBN gene poly-
morphisms and response to chemotherapy in gastric cancer
[13, 14]. Consequently, the aim of this study was to evaluate
the clinical response to platinum-based chemotherapy and
treatment outcome of gastric cancer patients in the present of
ERCC1, ERCC2, NBN, RADS5I1, and XRCC3 gene
polymorphisms.

Patients and methods
Patients

Four hundred fifteen patients of gastric cancer that received
platinum-based chemotherapy between May 2008 and May
2011 were enrolled in the present study from the Affiliated
Hospital of Inner Mongolia Medical University. Patients
were newly diagnosed and histopathologically confirmed
gastric cancer, and patients with a history of pregnancy,
malignancy, chemotherapy or radiotherapy, serious con-
comitant systemic disorder unable to receive chemotherapy,
and metastasis with symptoms were excluded from the
present study.

@ Springer

Baseline characteristics of all of the patients were obtained
using a self-designed questionnaire and medical records. An
informed consent form for blood sample collection for
genotyping was obtained from the patients. This study was
approved by the ethics committee of the Affiliated Hospital of
Inner Mongolia Medical University.

Treatment outcome

The patients in the study were followed up until May 2013.
Each patient was followed up by attending clinics or tele-
phones every 1 month until death or the end of follow-up.
Tumor response to chemotherapy was evaluated based on
World Health Organization (WHO) criteria [15]. Tumor re-
sponses were evaluated by contrasted computed tomography
scan and/or magnetic resonance imaging every 2 cycles to
document complete response (CR), partial response (PR),
stable disease (SD), or progressive disease (PD). Response
was confirmed over 4 weeks later. Overall survival (OS) was
calculated from the date of chemotherapy to the date of death
or last clinical follow-up.

DNA extraction and genotyping

Each patient was asked to provide a 5-ml peripheral
venous blood sample after participating into our study.
Genomic DNA was extracted from peripheral blood lym-
phocytes using TIANamp Blood DNA Kit (Tiangen Bio-
tech Co., Ltd., Beijing, China) according to the manufac-
turer’s protocol. The presence of ERCCI rs11615 and
rs2298881, ERCC2 rs1799793 and rs13181, NBN
rs1805794 and rs709816, and RADS51 rs1801321 and
XRCC3 rs1799794 was determined using polymerase
chain reaction-restriction fragment length polymorphism
(PCR-RFLP). The primers and probes for the eight gene
polymorphisms were designed using Assay Design 3.1
software (Sequenom Inc., San Diego, CA, USA). The
PCR conditions were as follows: an initial denaturation
at 95 °C for 5 min, 35 cycles of amplification with
denaturation at 95 °C for 30 s, annealing at 56 °C for
30 s, and extension at 72 © C for 30 s, followed by a final
extension step of 7 min at 72 ° C. For quality control,
approximately 10 % of the patients were randomly select-
ed to repeat the genotyping procedure with different re-
searchers. The reproducibility was 100 %.

Statistical analysis

Continuous variables were shown by mean+SD, and cat-
egorical variables were shown by number of subjects (%).
The association between response to chemotherapy and
the eight gene polymorphisms was described as odds ratio
(ORs) and 95 % confidence interval (CI) using
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unconditional logistic regression analysis. The prognostic
value of eight gene polymorphisms for the OS was esti-
mated by multivariate analysis using the Cox proportional
hazards models, describing as the hazard ratio (HR) and
95 % CI. Meanwhile, baseline characteristics were adjust-
ed in order to avoid potential confounding effects, such as
age, sex, smoking and drinking, histological types, and
tumor node metastasis (TNM) stage at entry. Survival
curves were analyzed by the Kaplan-Meier method. A
dominant genetic model was used in all statistical analy-
ses. Two-tailed P values <0.05 were considered a statisti-
cal difference. All statistical analyses were conducted
using the STATA version 9.0 statistical software.

Results
Patients’ characteristics and outcome

A total of 452 patients with gastric cancer were invited to
participate in the present study, and 415 patients consented,
resulting in a participation rate of 91.81 %. The demographic
and clinical characteristics of the patients were shown in
Table 1. Our study included 272 males (65.5 %) and 143
females (34.5 %) with a median age of 56.2+15.6 years

Table 1  Univariate analysis of the demographic and clinical
characteristics of 415 gastric cancer patients

Variables Patient Percentage Overall survival
period, months

Age, years

<55 196 472 38.1

>55 219 52.8 37.2
Gender

Male 272 65.5 36.4

Female 143 345 39.5
Tobacco smoking

Never 246 59.3 41.8

Ever 169 40.7 324
Alcohol drinking

Never 168 40.5 42.5

Ever 247 59.5 31.6
Histological type

Intestinal 179 43.1 39.5

Signet ring 189 455 36.3

Other 47 11.4 352
Tumor stage

-1 152 36.6 432

-1V 263 63.4 30.6

(range, 32.4-76.5 years) upon initial diagnosis. Of the 415
patients, 169 (40.7 %) were ever smokers, 247 (59.5 %) were
drinkers, 179 (43.1 %) were intestinal type of gastric cancer,
189 (45.5 %) were signet ring type, and 263 (63.4 %) were
HI-1V stages. Our study found that patients exhibiting stages
HI-IV cancer and have a habit of tobacco smoking and
alcohol drinking were associated with a longer OS period.

Genotypes of eight gene polymorphisms

The genotype distributions of ERCC1 rs11615 and 152298881,
ERCC2 151799793 and rs13181, NBN rs1805794 and
rs709816, and RADS1 rs1801321 and XRCC3 rs1799794
demonstrated Hardy-Weinberg equilibrium. Conditional re-
gression analysis identified that CC genotype of ERCCI1
rs11615 and AA genotype of ERCC2 rs1799793 were associ-
ated with a better response to chemotherapy in gastric cancer
patients, and the ORs(95 %CI) were 2.70(1.33-5.70) and
3.12(1.52—6.84), respectively (Table 2). However, we did not
find significant association between response to chemotherapy
and polymorphisms in ERCC1 152298881, ERCC2 rs13181,
NBN 151805794 and rs709816, and RAD51 rs1801321 and
XRCC3 rs1799794.

The association between eight gene polymorphisms and
survival with gastric cancer is shown in Table 3. The
median duration of the follow-up was 28.6+£6.2 months
(range 3-60 months). Among the 415 patients, 191 pa-
tients succumbed due to cancer during the follow-up peri-
od, providing a 5-year survival rate of 53.98 %. The CC
genotype of ERCC1 rs11615 and AA genotype of ERCC2
rs1799793 were significantly associated with a longer OS
(for ERCCI1 rs11615, adjusted HR, 2.30; 95 %CI, 1.18-
4.58; for ERCC2 rs1799793, adjusted HR, 2.45; 95 %CI,
1.25-4.95) (Table 3). Moreover, CC genotype of NBN
rs1805794 was associated with longer OS of gastric cancer
(adjusted HR, 2.24; 95 %CI, 1.20-4.25). However,
ERCCI1 rs2298881, ERCC2 rs13181, NBN rs709816,
RADSI rs1801321, and XRCC3 rs1799794 polymor-
phisms were not significantly associated with OS of gas-
tric cancer patients. Examination of Kaplan-Meier curves
for the ERCC1 rs11615, ERCC2 rs1799793, and NBN
rs1805794 genotypes showed that the three gene polymor-
phisms are associated with the overall survival of gastric
cancer patients (Figs. 1, 2, and 3).

Moreover, we assess the association between ERCC1
rs11615, ERCC2 rs1799793, and NBN rs1805794 poly-
morphisms and characteristics of gastric cancer, includ-
ing tobacco smoking, alcohol drinking, and tumor stage
of gastric cancer. However, we did not find a significant
interaction between the three gene polymorphisms and
tobacco smoking, alcohol drinking, and tumor stage of
gastric cancer.

@ Springer



3020

Tumor Biol. (2015) 36:3017-3023

Table 2 Association between included eight gene polymorphisms and response to chemotherapy in gastric cancer patients

Gene n Percentage Response Adjusted OR(95%CT)* P value
Good response, Percentage Poor response, Percentage
N=238 N=177

ERCCI1 rs11615

TT 190 45.8 100 42.0 90 50.8 1.0(ref.) -

TC 169 40.7 96 40.3 73 412 1.18(0.76-1.84) 0.43

CC 56 13.5 42 17.6 14 79 2.70(1.33-5.70) 0.002
ERCCI1 rs2298881

CC 261 62.9 148 62.2 113 63.8 1.0(ref.) -

CA 112 27.0 66 27.7 46 26.0 1.10(0.68-1.76) 0.69

AA 42 10.1 24 10.1 18 10.2 1.02(0.50-2.10) 0.96
ERCC2 rs1799793

GG 249 60.0 130 54.6 119 67.2 1.0(ref.) -

GA 113 27.2 67 28.2 46 26.0 1.33(0.83-2.15) 0.21

AA 53 12.8 41 17.2 12 6.8 3.12(1.52-6.84) <0.05
ERCC2 rs13181

AA 248 59.8 139 58.4 109 61.6 1.0(ref.) -

AC 126 304 74 31.1 52 29.4 1.12(0.71-1.77) 0.62

CcC 41 9.9 25 10.5 16 9.0 1.23(0.59-2.58) 0.55
NBN rs1805794

GG 205 49.4 108 454 97 54.8 1.0(ref.) -

GC 146 352 88 37.0 58 328 1.36(0.87-2.15) 0.16

CC 64 15.4 42 17.6 22 12.4 1.71(0.92-3.24) 0.07
NBN 15709816

GG 162 39.0 90 37.8 72 40.7 1.0(ref.) -

GA 172 414 101 424 71 40.1 1.14(0.72-1.80) 0.56

AA 81 19.5 47 19.7 34 19.2 1.11(0.62-1.97) 0.71
RADS1 rs1801321

GG 237 57.1 132 55.5 105 59.3 1.0(ref.) -

GT 135 325 79 332 56 31.6 1.12(0.72-1.76) 0.6

TT 43 10.4 27 11.3 16 9.0 1.34(0.66-2.81) 0.39
XRCC3 151799794

AA 188 453 106 44.5 82 46.3 1.0(ref.) -

AG 169 40.7 98 412 71 40.1 1.07(0.69-1.66) 0.75

GG 58 14.0 34 14.3 24 13.6 1.10(0.58-2.09) 0.76

 Adjusted for gender, age, tobacco smoking, alcohol drinking, histological type, and tumor stage

Discussion

Accumulated evidence shows that genetic polymorphisms
including drug metabolizing enzymes, drug transporters,
and drug targets are linked to interindividual differences in
the efficacy and toxicity for many medications. A pharma-
cogenetic analysis is thought as a promising tool to develop
specific chemotherapy plans. In this study, we investigated
the polymorphisms of ERCC1 rs11615 and rs2298881,
ERCC2 rs1799793 and rs13181, NBN rs1805794 and
rs709816, and RADS51 rs1801321 and XRCC3 rs1799794
as potential biomarkers of activity to platinum-based

@ Springer

chemotherapy and the role of the eight gene polymorphisms
in the overall survival in gastric cancer patients. Our results
indicate that CC genotype of ERCCI rs11615 and AA
genotype of ERCC2 rs1799793 are associated with a better
response to chemotherapy in gastric cancer patients. More-
over, in the multivariable Cox regression, the CC genotype
of ERCCI rs11615, AA genotype of ERCC2 rs1799793,
and CC genotype of NBN rs1805794 are significantly as-
sociated with a longer OS.

We have shown that ERCCI rs11615 and ERCC2
rs1799793 are important factors influencing both response
to platinum-based chemotherapy and OS of gastric cancer
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Table 3  Association between included eight gene polymorphisms and overall survival in gastric cancer patients
Gene Alive, N=224 Percentage Death, N=191 Percentage Adjusted HR(95%CT)* P value
ERCCI 1511615

TT 91 40.6 99 51.8 1.0(ref.)

TC 95 424 74 387 1.40(0.90-2.16) 0.12

CC 38 17.0 18 9.4 2.30(1.18-4.58) 0.02
ERCCI1 rs2298881

CC 136 60.7 125 65.4 1.0(ref.)

CA 64 28.6 48 25.1 1.23(0.77-1.97) 0.37

AA 24 10.7 18 94 1.23(0.60-2.52) 0.54
ERCC2 rs1799793

GG 121 54.0 128 67.0 1.0(ref.) -

GA 66 29.5 47 24.6 1.49(0.93-2.39) 0.08

AA 37 16.5 16 84 2.45(1.25-4.95) 0.005
ERCC2 1513181

AA 131 58.5 117 61.3 1.0(ref.) -

AC 69 30.8 57 29.8 1.08(0.69-1.70) 0.72

CC 24 10.7 17 8.9 1.05(0.68-1.62) 0.82
NBN rs1805794

GG 98 438 107 56.0 1.0(ref.) -

GC 84 375 62 325 1.48(0.94-2.32) 0.07

CC 43 18.8 21 11.0 2.24(1.20-4.25) 0.007
NBN rs709816

GG 86 384 76 39.8 1.0(ref) -

GA 93 415 79 41.4 1.04(0.66-1.64) 0.86

AA 45 20.1 36 18.8 1.10(0.62-1.96) 0.72
RADS1 rs1801321

GG 126 56.3 111 58.1 1.0(ref)) -

GT 74 33.0 61 319 1.07(0.68-1.67) 0.76

TT 24 10.7 19 9.9 1.11(0.55-2.27) 0.75
XRCC3 151799794

AA 97 433 91 47.6 1.0(ref.) -

AG 91 40.6 78 40.8 1.09(0.71-1.70) 0.67

GG 36 16.1 22 11.5 1.54(0.81-2.96) 0.16

# Adjusted for gender, age, tobacco smoking, alcohol drinking, histological type, and tumor stage

patients, and the association with chemotherapy and OS
remains significant after adjusting for multiple compari-
sons. Previously published studies have observed associa-
tions of ERCCI1 rs11615 and ERCC2 rs1799793 with re-
sponse to chemotherapy and clinical outcome of gastric
cancer [16-21], but the results are inconsistent. Li et al.
conducted a cohort study with 231 patients and showed that
CC genotype of ERCCI1 rs11615 polymorphism was asso-
ciated with a better response to chemotherapy and a longer
OS of gastric cancer [16]. Chen et al. conducted a cohort
study with 255 patients and found that AA genotype of
ERCCI rs11615 was associated with lower risk of death
from gastric cancer [17]. However, two studies found that
the AA genotype of ERCC1 rs11615 could increase the risk

of death from gastric cancer [18, 19]. Moreover, another
study did not find that ERCC1 rs11615 was associated with
OS of gastric cancer [20]. These inconsistent results might
be due to differences in ethnicities, source of patients, dis-
ease stages, sample size, and by chance.

For ERCC2 151799793, a previous study showed that the
non-synonymous ERCC2 rs1799793 was associated with
lower DNA repair capacity [22]. Our results are in concor-
dance with the proposed biological effect of ERCC2
rs1799793, as a lower repair capacity may lead to increased
DNA damage and therefore to better efficacy. Only two
studies reported the association between ERCC2
rs1799793 polymorphism and response to chemotherapy
and OS of gastric cancer [20, 21]. Li et al. reported that

@ Springer
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Fig. 1 The influence of ERCCI1 rs11615 polymorphism on overall
survival of gastric cancer patients

individuals carrying AA genotype of ERCC2 rs1799793
were associated with significantly poorer overall survival
and significantly higher risk of death [21]. However, Chu
et al. did not find that ERCC2 rs1799793 polymorphism
could play different roles in the OS of gastric cancer [20].
Future studies are greatly needed to confirm the association
between ERCC2 rs1799793 and response to chemotherapy
and OS of gastric cancer.

Compared to NER gene polymorphisms, less is known
about gene polymorphisms in HRR pathway and their
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Fig. 2 The influence of ERCC2 rs1799793 polymorphism on overall
survival of gastric cancer patients
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Fig. 3 The influence of NBN rs1805794 polymorphism on overall
survival of gastric cancer patients

influence on platinum-based chemotherapy, and no study
have evaluated their roles in gastric cancer. Our study
showed that polymorphic NBN rs1805794 also tended to
be associated with better response. Genetic variability of
NBN thus seems to be important for its DNA repair
capacity. These observations are also in agreement with
our previous results indicating that NBN rs1805794 ge-
notypes confer to differences in levels of DNA damage
and cancer risk [23, 24]. The role of NBN gene polymor-
phisms in response to platinum-based chemotherapy is
greatly needed to be explained in further studies.

The present study has three limitations. First, the study was
conducted in a single hospital in China; thus, it may not be
representative of the general population. Selection bias may
exist in this study. Second, the number of cases analyzed in the
present study was relatively small, which may reduce the
statistical power to detect differences between the various
DNA repair gene groups. As the sample size is limited, this
may limit the statistical power to find differences between
groups. Therefore, further studies using a large multicenter
cohort are required to investigate the association between
DNA repaired genes and response to chemotherapy and OS
of gastric cancer.

In conclusion, our results suggest that ERCC1 rs11615 and
ERCC2 151799793 polymorphisms in the DNA repair path-
ways may influence the response to chemotherapy and OS of
gastric cancer, and NBN rs1805794 polymorphism could
influence the OS of gastric cancer. Moreover, the three gene
polymorphisms could contribute to identification of patients
to achieve better response to platinum-based chemotherapy.
Further studies with a larger sample size are warranted to
confirm our findings.
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