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Abstract

Objective: To systematically evaluate the precise role of the excision repair cross-complementing group 1
(ERCC1) polymorphism Asn118Asn (C19007T, rs11615) in curative effects and prognosis of patients
with advanced colorectal cancer (CRC) receiving oxaliplatin-based chemotherapy.
Methods: Qualified studies were retrieved from databases including PubMed, EMBASE, Wanfang and
CNKI until January 31st, 2015. Literature published in English and Chinese were selected for meta-
analysis on relationship between ERCC1 polymorphism Asn118Asn and therapeutic effects and
prognosis of advanced CRC patients receiving oxaliplatin-based chemotherapy. Data extracted from
these articles included study ID, title, author, publication year, ethnicity, country, numbers of cases and
controls, progression-free survival (PFS) and overall survival (OS). Pooled odds ratios (ORs) and their
95% confidence intervals (CIs) were used to estimate objective response with hazard ratios (HRs) using
Stata software (version 11.0).
Results: A total of 13 articles were included in the study. Overall, meta-analysis showed no significant
correlation between the ERCC1 C118T polymorphism and objective response (OR=0.78; 95% CI for
0.29-2.07), PFS (HR=1.70, 95% CI=0.92-3.14) or OS (HR=1.69, 95% CI=0.91-3.14) in advanced CRC
patients with oxaliplatin-based chemotherapy. Stratified analysis among Asian and Caucasian
populations showed that the ERCC1 C118T polymorphism was not significantly correlated with
objective response (OR=2.03 vs. 0.40; 95% CI=0.62-6.68 vs. 0.12-1.30), but was significantly correlated
with PFS and OS. Moreover, Asian patients carrying T/T or T/C genotypes of ERCC1 C118T had
significant shorter PFS (HR=2.41, 95% CI=1.86-3.11) and OS (HR=2.36, 95% CI=1.76-3.16).
Conclusion: In patients with advanced CRC undergoing oxaliplatin-based chemotherapy, there is no
correlation between ERCC1 Asn118Asn (C/T) gene polymorphism and therapeutic effects. Asian
patients with T allele has shorter PFS and OS.
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Introduction
Colorectal cancer (CRC) is the third most common
malignancies in the world [1], with increasing morbidity and
mortality [2,3]. Currently the most effective treatment for
colorectal cancer is still surgery. However, after radical
resection a large number of patients appear in situ recurrence
and distant metastasis. Moreover, some patients are in
advanced stage at diagnosis and lose the opportunity for radical
resection [4,5]. Various studies have currently confirmed that
the chemotherapy can improve the quality of life and prolong
the survival time of CRC patients. The national comprehensive
cancer network (NCCN) has proposed oxaliplatin combined
with 5-fluorouracil as standard first line treatment guidelines
for colorectal cancer therapy [6].

CRC patients showed different reactions with the same
intensity of chemotherapy drugs, and some patients do not
benefit from chemotherapy. Moreover, a considerable portion
of patients with oxaliplatin based chemotherapy appear
different degree of peripheral neurotoxicity. Therefore, if the
clinical curative effect of oxaliplatin could be predicted,
clinicians can choose a chemotherapy regimen with high
efficiency and low toxicity according to the inspection results.

Oxaliplatin (L-OHP) is the third generation platinum
compounds, which kills tumor cells by blocking DNA
replication and transcription [7,8]. Excision repair cross-
complementing group 1 (ERCC1) is an important DNA repair
gene and a marker gene of nucleotide excision repair (NER)
activity [9]. The NER is a major pathway of DNA damage
repair and ERCC1 is an important rate limiting enzyme of
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NER process. Various studies showed that single nucleotide
polymorphisms (SNP) in ERCC1 encoding the 118 codon
(Asn118Asn, C19007T, rs11615) change AAC-AAT can affect
DNA damage repair capacity [10-13]. Therefore, genetic
variation at this gene locus may affect the individual sensitivity
to chemotherapeutic drugs [10].

Although the ERCC1 Asn118Asn function is not completely
clear, it is confirmed that polymorphism of this locus might be
associated with efficacy and prognosis by platinum drugs
[14,15], with some controversy between the study results.
Therefore, this article utilized the meta-analysis to make
comprehensive evaluation on association between ERCC1
Asn118Asn polymorphism and chemotherapeutic effects in
advanced CRC patients receiving oxaliplatin based
chemotherapy.

Materials and Methods

Inclusion criteria
• Studies on ERCC1 Asn118Asn gene polymorphism and

colorectal cancer by oxaliplatin chemotherapy efficacy or
prognosis.

• The original literatures published in the full text.
• The article provides enough information, such as the effect

odds ratio (OR) and 95% confidence interval (CI) in each
genotype, or the OR and 95% CI could be calculated from
the data.

• The distribution of the genotypes in the literature
conformed to the Hardy-Weinberg equilibrium.

Exclusion criteria
• The data were not complete, or repeated literatures.
• Literatures were case report, literature review or animal

experiment.
• The use of other languages except Chinese or English.

Literature search strategy
Literatures were searched on published databases of PubMed,
EMBASE, web of science, CNKI, VIP, Wanfang and CBM.
Meanwhile, literatures were also manually searched on
references of reviews. The English retrieval words were used
for searching as following: ERCC1 or excision repair cross-
complementing group 1; colon or colorectal cancer;
polymorphism or variant; treatment or chemotherapy. The
retrieval time was up to January 31, 2015.

Data extraction
After the included studies were determined, two authors were
appointed to read text and extract data information from each
included study, including title, author, publication year, study
countries, the race of study subject and the number of cases.

Statistical analysis
The evaluation on the therapeutic effects of chemotherapy is
made according to the World Health Organization (who)
standards or the response evaluation criteria in solid tumors
(RECIST 1.0) [16], and is mainly divided into the following
categories: complete remission (CR), partial remission (PR),
stable disease (SD) and progress disease (PD). In this study we
defined the efficacy as response (PR+CR) and non-response
(SD+PD). The genetic data were extracted and the hazard
ratios (HR) and 95% CI in each literature were pooled and
analyzed for prognosis.

Figure 1. Flow chart of literature search.

Stata 11.0 software was used to perform the meta-analysis
Pooled analysis was performed by dominant model on the
association between ERCC1 gene polymorphism and effect
and prognosis of oxaliplatin-based chemotherapy. Subgroup
analysis was performed within different races.

The heterogeneity between studies was assessed by Cochran's
Q test and inconsistency index I2 test method. The size of
heterogeneity was assessed by I2. When I2<50%, the fixed-
effect model was used to combine the data; otherwise the
random-effect model was used to combine the data.

The funnel plot was drawn to judge publication bias by Begger
method. The included literature therapy was evaluated by
Newcastle-Ottawa scale (NOS).
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Results

Literature selection and inclusion
A total of 206 literatures were detected, and 90 repeated
literatures were excluded. In the remaining 116 articles, after
viewing their titles and abstracts, 50 articles were excluded due
to non ERCC1 related research in and advanced CRC and non-
English or Chinese articles. We read the full text of the
remaining 66 articles, and 53 articles were excluded due to
incomplete data or use of other chemotherapy drugs.
Ultimately 13 literatures were included into meta-analysis
(Figure 1), and the basic characteristics of the literature are
shown in Table 1.

Meta-analysis
Meta-analysis was performed on the association between
ERCC1 Asn118Asn gene polymorphism and effective rate of

oxaliplatin in advanced CRC. Heterogeneity test showed that
I2 value >75%, and the random-effect model was used to
calculate the combined effect value. A total of 9 articles were
included, among which 4 articles were analyzed for effect
values by merging the CT and TT values, while 5 articles were
analyzed for effect values in TT vs. CT (OR=0.91, 95% CI
0.59~1.55), with no statistical significance between the two
groups. However, there were statistically significant
differences between two groups in effect values co-dominant
model TT vs CC (OR=3.08, 95% CI=0.898~10.533, P=0.030)
and the dominant model CT/TT vs CC (OR=2.403, 95%
CI=0.975~5.927, P=0.042). Therefore, T allele shows
dominant inheritance in platinum chemotherapy sensitivity of
patients with advanced CRC. Combined test was further
performed on dominant genetic model CC+TT vs. CC, and no
statistically significantly difference was found (OR=0.777,
95% CI=0.292~2.068, P=0.613).

Table 1. General characteristics of included literatures.

Author Year Country Ethnicity Tumor-type Cases Treatment Outcomes

Viguier [17] 2005 France Caucasian colorectal 61 FUOX TR

Ruzzo [18] 2006 Italian Caucasian colorectal 175 5-FU/CF TR PFS

Pare [19] 2008 spain Caucasian colorectal 126 FUOX TR PFS OS

Lianghua [20] 2008 China Asian colorectal 62 FOLFOX TR PFS

Martinez [21] 2008 Spain Caucasian colorectal 96 XELOX PFS

Spindler [22] 2009 Denmark Caucasian colorectal 66 XELOX TR

Chua [23] 2009 Australia Caucasian colorectal 115 FOLFOX TR,PFS,OS

Chang [24] 2009 China Asian colorectal 168 FOLFOX TR PFS OS

Chen [25] 2010 China Asian colorectal 166 FOLFOX TR OS

Liang [26] 2010 China Asian colorectal 113 XELOX/ FOLFOX PFS

Haina Chai [27] 2012 China Asian colorectal 64 FOLFOX TR

Hewenxing [28] 2012 China Asian colorectal 73 FOLFOX TR PFS OS

Lieke [29] 2013 Ausaralia Caucasian colorectal 145 XELOX/ FOLFOX PFS OS

Meta-analysis showed that in the dominant model there was no
significant correlation between advanced CRC patients
carrying T allele and platinum chemotherapy efficiency
(OR=0.78, 95% CI=0.29-2.07), PFS (HR=1.70, 95%
CI=0.92-3.14) or OS (HR=1.69, 95% CI=0.91-3.14).

Subgroup analysis
This study was analyzed according to the ethnicity of subjects
of included literatures. The results showed that in the dominant
model there were no significant correlation in Caucasian and
Asian populations between advanced CRC patients carrying T
allele in ERCC1 polymorphism Asn 118Asn and the efficacy
of oxaliplatin chemotherapy (OR=2.03 vs. 0.40, 95%
CI=0.62-6.68 vs. 0.12-1.30).

In the dominant model, the Asian population carrying T allele
showed a poor PFS (HR=2.41, 95% CI=1.86-3.11), while the
Caucasian population showed a good PFS (HR=1.43, 95%
CI=0.57-3.59). Similarly, the Asian population with the T
allele showed a poor OS (HR=2.36, 95% CI=1.76-3.16), while
the Caucasian population was the opposite (HR=1.17, 95%
CI=0.32-4.30) (Figures 2 and 3).

Publication bias analysis
Begg rank correlation test was performed using Begg's funnel
plot, and showed different degree of publication bias in
chemotherapy sensitivity analysis, PFS and OS, which was
associated with choice of publishing house and the author's
subjective research direction (Figure 4).
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Figure 2. Forest plot of subgroup analysis by ethnicity on the
association between ERCC1 C118T polymorphism and PFS of
advanced CRC patients with oxaliplatin-based chemotherapy (CT
+TT vs. CC). PFS, progression-free survival; CRC, colorectal cancer.

Figure 3. Forest plot of subgroup analysis by ethnicity on the
association between ERCC1 C118T polymorphism and OS of
advanced CRC patients with oxaliplatin-based chemotherapy (CT
+TT vs. CC). OS, overall survival; CRC, colorectal cancer.

Sensitivity analysis
Meta-analysis was performed after excluding each literature
step by step, and the pooled results showed no significant
difference, suggesting stability of the included literature.

Literature quality assessment
The literature quality of non-randomized control study was
evaluated using standard as follows: 1) Case control research
quality evaluation designed by Lichtenstein MJ; 2) Newcastle
Ottawa scale (NOS) quantity table of literature quality
evaluation. In this study, we used case-control study part of
NOS quantity table, and evaluation was made mainly base on
diagnostic criteria, representative of included cases, selection
and definition of control group, comparable property between

two groups and recording method of exposure event. The
included literature was evaluated and showed good quality.

Figure 4. Begg's funnel plot for publication bias of objective response
following oxaliplatin-based chemotherapy in advanced CRC by
ERCC1 codon118 polymorphism.

Discussion

Summary of meta-analysis
Currently studies are rarely reported on the relationship
between ERCC1 gene polymorphism and platinum based
chemotherapy sensitivity. Moreover, SNP at 118 codon of
ERCC1 gene has been confirmed correlation with ERCC1
mRNA and protein expression levels [8,24]. Studied have been
carried out to assess effect of oxaliplatin chemotherapy in
advanced CRC patients carrying ERCC1 118 codon SNP.
However, it is unclear whether this polymorphism can change
ERCC1 protein expression level or capability of DNA repair.

In this study, clinical efficacy rate (PR+CR) was used as the
main index to evaluate chemotherapy. The meta-analysis
results showed no correlation between Asn118Asn
polymorphism and chemotherapy efficiency, PFS or OS of
advanced CRC patients, which was consistent with the results
of one previous meta-analysis [30]. However, recently a meta-
analysis has reported correlations of ERCC1 Asn118Asn
polymorphism with PFS and OS [31], and our results did not
confirm it. In fact, our study also contains some advantages.
Previous meta-analysis was mostly based on the evaluation of
the clinical efficacy of gastric and colon cancer. Considering
the heterogeneity of gastric and colon cancer and different
biological activity and pathological types, our study selected
advanced colorectal cancer as the research subject and made
more precise and comprehensive study on chemotherapy
efficiency of oxaliplatin.

Subgroup analysis
Subgroup analysis was performed mainly according to the
different races. In Asian population, ERCC1 Asn118Asn
polymorphism was correlated with PFS and OS of advanced
CRC patients, and patients carrying the T allele had
significantly shorter PFS and OS. The Caucasian populations
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showed the opposite results, with significantly longer PFS and
OS in patients carrying the T allele. The results of subgroup
analyses were consistent with the results of previous studies
[31].

Among included literatures evaluating effectiveness of
chemotherapy, 6 literatures reported the correlation between
ERCC1 Asn118Asn gene polymorphism and effective rate of
platinum based chemotherapy, and reduced sensitivity to
oxaliplatin was reported in CRC patients carrying T allele (4
literatures) or CC genotype (2 literatures). The remaining 3
literatures reported no correlation between ERCC1 gene
polymorphism and platinum based chemotherapy sensitivity.
Further analysis found that in 4 literatures showing correlation
between T allele and reduced chemotherapy efficacy, the
included cases from 3 literatures were the Asian population,
while in 2 literatures showing correlation between wild
homozygote CC genotype and reduced chemotherapy efficacy,
the included cases were Asian population and Caucasian
population, respectively. The differences between the results of
various studies were related to races, interactions of the
environment, interactions among genes and the complex DNA
repair pathways. This study cannot perform unified screening
on features and pathological stage of included cases. Moreover,
oxaliplatin was the primary chemotherapy of the first-line
chemotherapy for colorectal cancer, and no strict demands
were made on the drug compatibility, usage, dosage of
fluorouracil. Therefore, confounding factors among drug
compatibility, usage and curative effect cannot be ruled out.

Limitations of meta-analysis
There was still some limitations in this study due to small
sample size, as shown in following: 1) Selection bias. This
study included only the published literature in English or
Chinese, and conference or summary literatures were excluded.
Literatures which used targeted or other treatments were also
excluded; 2) The overall sample size was small and could not
represent the overall population; 3) Language bias. Literatures
using other languages besides English and Chinese were not
included in this study; 4) Different chemotherapy regimens and
detection methods may have certain impact on the outcome of
the study; 5) Many literatures with negative results cannot be
retrieved in our study.

In conclusion, ERCC1 Asn118Asn gene polymorphism may be
correlated with cancer platinum class about chemotherapeutic
effect and prognosis of platinum drugs in advanced CRC
patients. Due to small sample size, the results of this study
need to be confirmed by large sample and high quality clinical
investigation.
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