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Chinese C allele carriers of the ERCC5 rs1047768 polymorphism
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ABSTRACT
It is suspected that ERCC5 rs1047768 and rs17655 polymorphisms influence
the response to platinum-based chemotherapy. This meta-analysis was performed
to summarize the scattered evidence regarding the association between these two
polymorphisms and sensitivity to platinum-based treatment. Thirteen studies were
included after a comprehensive literature search. The pooled odds ratios and 95%
confidence intervals suggested that the C allele of the ERCC5 rs1047768 polymorphism
is associated with elevated sensitivity to platinating agents, especially for Chinese
patients. However, no difference among rs17655 genotypes could be detected.

INTRODUCTION

Excision Repair Cross-Complementation Group 5
gene (ERCC5, 13q33.1) encodes a critical DNA repair
enzyme involved in nucleotide excision repair (NER)
function. Scattered evidences indicate the variants of the
ERCC5 rs1047768 (T335C, His46His) polymorphism
could yield differing survival outcomes, despite being a
coding-synonymous polymorphism [8, 9]. The correlation
may be explained by its possible linkage with other nonsynonymous polymorphisms, or its subtle influence on
enzyme conformation leading to the change of its activity
or substrate specificity [10]. Several studies reported that
the C allele of the ERCC5 rs17655 (G3507C, Asp1104His)
polymorphism was associated with an impaired prognosis
[11, 12]. The rs17655 polymorphism sits in the C-terminal
region, which is required for ERCC5’s interaction with
Transcription Factor II H (TFIIH) complex in human DNA
NER pathway [13]. The amino-acid substitution caused

Platinum-based chemotherapies are regarded
as the most efficacious cancer treatment option.
However, individual responses to these therapies
greatly differ among patients due to multifactorial
(intrinsic and acquired) resistance caused by genetic and
epigenetic differences in sensitivity [1]. Platinum-based
chemotherapy exerts its antitumor effect by suppressing
DNA replication through the formation of platinum-DNA
adducts, which would be recognized and remedied by
cellular DNA repair mechanisms [2–4]. Genetic variation
of those DNA repair systems could be one of the indicators
of sensitivity to platinum-based chemotherapy [5–7].
Ideally, identifying cancer patients sensitive to platinum
agents before chemotherapy could promote individualized
cancer treatment, and may improve survival.
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Subgroup analysis

by this polymorphism may lead to differential interacting
affinities, and consequently impact NER efficiency [14].
The effect of these two ERCC5 polymorphisms on the
efficacy of platinum-based chemotherapy should be
quantitatively evaluated.
Many studies have tried to assess the association
between the two ERCC5 polymorphisms and the
sensitivity of platinum-based therapy [9, 15–26].
However, there is not a clear consensus due to many
confounding factors including cancer types, ethnicity
difference, inconsistent response evaluation criteria for
chemotherapy, and limited sample size in every single
study. Our meta-analysis examined the influence of the
ERCC5 rs1047768 and rs17655 polymorphisms on the
sensitivity to platinum-based chemotherapy in cancers.

Stratified analyses were conducted for the data of
both the rs1047768 and rs17655 polymorphisms. Cancer
type (NSCLC or others), country (China or others), and
chemotherapy response evaluation criteria (response
evaluation criteria in solid tumors (RECIST) or others)
were the factors considered. ORs and 95% CIs were
recalculated for every individual subgroup.
An association between the rs1047768 polymorphism
and sensitivity to platinum-based chemotherapy could be
detected in both the NSCLC and non-NSCLC subgroups.
There was an association in the Chinese population, but
not in the subgroup for other nations. When stratifying
according to chemotherapy response evaluation criteria,
there was an association to only the recessive model in
the RECIST subgroup. However, as for the non-RECIST
subgroup, all four comparing models showed significant
associations. No subgroup correlations were found for the
rs17655 polymorphism.

RESULTS
Study characteristics
Our comprehensive literature search captured
eligible 13 manuscripts [9, 15–26]. These studies were
published between 2007 and 2016. One non-small
cell lung cancer (NSCLC) study was split into two
studies because the patient populations of the TumorNode-Metastasis (TNM) stage III and IV were reported
separately [19]. Overall, 12 studies involving 1,506 cancer
patients were eligible for the meta-analysis for the ERCC5
rs1047768 polymorphism. For the rs17655 polymorphism,
six studies with 973 samples met our predefined eligibility
criteria. The selection process for eligible studies can be
seen in Figure 1, and Table 1 presents an overview of the
selected studies. These included studies covered NSCLC,
colorectal cancer, gastric cancer, and ovarian cancer.

Heterogeneity analysis
Heterogeneity was only identified in the recessive
model of the ERCC5 rs1047768 polymorphism. When
stratified according to cancer type, heterogeneity was
significantly relieved in both subgroups. However, neither
country nor chemotherapy response evaluation criteria
was identified as the contributing factor for between-study
heterogeneity.

Publication bias and sensitivity analysis
Our funnel plot analysis indicated a very small
likelihood of publication bias in this study (Figure 4 and
Figure 5). Our leave-one-out method showed that no
single study could influence the pooled ORs and 95% CIs
of the meta-analysis (data not shown).

Meta-analysis results
When integrating all eligible studies, 622 good
responders and 884 poor responders to platinumbased chemotherapy were pooled into the metaanalysis of the rs1047768 polymorphism. The
pooled odds ratio (OR) and 95% confidence interval
(CI) revealed the C allele carriers could be more
sensitive to platinum-based chemotherapy treatment
(Homozygote model: OR = 2.86, 95% CI: 1.93–4.23;
Heterozygote model: OR = 1.74, 95% CI: 1.21–2.51;
Dominant model: OR = 2.12, 95% CI: 1.58–2.86; Recessive
model: OR = 2.27, 95% CI: 1.54–3.33; Figure 2 and Table 2).
For rs17655, 422 patients were sensitive, and 551
were non-sensitive. The same analysis was employed, and
showed the association is not significant (Homozygote
model: OR = 1.03, 95% CI: 0.63–1.67; Heterozygote
model: OR = 0.90, 95% CI: 0.58–1.39; Dominant model:
OR = 0.97, 95% CI: 0.68–1.40; Recessive model: OR =
1.04, 95% CI: 0.76–1.44; Figure 3 and Table 3).
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DISCUSSION
A predictive biomarker for sensitivity to
platinum-based chemotherapy would increase the
efficacy of personalized cancer treatment. The NER
pathway promotes the repair for platinum-induced
DNA damage [27], and genetic alterations in this
pathway may consequently affect response to platinum
chemotherapeutic agents. In the four genetic models, the
pooled ORs and the corresponding 95% CIs of the ERCC5
rs1047768 polymorphism indicated that the C allele may
promote sensitivity to platinum-based chemotherapy.
However, the rs17655 polymorphism showed no
difference among different genotypes.
Stratified analyses based on cancer type, country, and
chemotherapy response evaluation criteria were employed
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to detect subgroup difference. All subgroup results for the
ERCC5 rs17655 polymorphism showed no association
with sensitivity to platinum-based chemotherapy. For the
rs1047768 polymorphism, the C allele was associated with
a significantly higher platinum sensitivity in both subgroups
classified by cancer types. When stratified according to
chemotherapy response evaluation criteria, the association
in the RECIST subgroup was present only in the recessive
model. However, large discrepancies existed between
these two subgroups in the other three genetic comparison
models. The stratified analysis by country revealed that
significant association in the Chinese population, but not
the other countries. Although we cannot exclude that we
observed this difference due to the variation of genetic
background among different ethnicities, it is also possible

that the limited number for involved studies and samples
from other nations led to this inconsistency.
The source of heterogeneity in any meta-analysis
should be comprehensively investigated to avoid
possible distortion. Heterogeneity was detected in
the recessive model of the rs1047768 polymorphism.
To screen out the source of heterogeneity, subgroup
analyses according to different factors were conducted.
When stratifying according to cancer type, neither
the NSCLC nor non-NSCLC subgroup exhibited
heterogeneity. This indicated that cancer type
accompanied by different pathogenesis and some other
underlying drug response mechanisms might be the
confounding factor which account for the heterogeneity
in this comparison.

Figure 1: Workflow for the literature selection process of this meta-analysis.
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Table 1: Major characteristics of involved studies for the association between the ERCC5 rs1047768
and rs17655 polymorphisms and sensitivity to platinum-based chemotherapy in this meta-analysis
Year

Country

Reference
ID

Cancer

Response
Criteria

good
Responder

poor
Responder

Genotype
Model

Feng

2009

China

15

non-small cell lung cancer

WHO

30

85

CC,CT,TT

Hu

2015

China

24

epithelial ovarian cancer

PFS based

88

65

CC+CT,TT

Huang

2015

China

26

rectal cancer

RECIST

27

18

CC,CT,TT

Jia

2011

China

25

non-small cell lung cancer

RECIST

31

58

CC,CT+TT

Lv

2012

China

21

non-small cell lung cancer

RECIST

26

59

CC,CT+TT

Monzo

2007

Spain

16

colorectal cancer

RECIST

22

20

CC,CT+TT

Qin

2016

China

17

rectal cancer

TRG

81

90

CC,CT,TT

Song

2010

China

22

gastric cancer

RECIST

25

67

CC,CT,TT

Sullivan

2014

Spain

19

non-small cell lung cancer†

RECIST

58

16

CC,CT,TT

Sullivan

2014

Spain

19

non-small cell lung cancer

RECIST

31

56

CC,CT,TT

Zhang

2013

China

9

non-small cell lung cancer

EORTC

137

314

CC,CT,TT

Zhang

2012

China

23

ovarian cancer

NCCN

66

36

CC,CT,TT

Hu

2015

China

24

epithelial ovarian cancer

PFS based

88

65

CC,CG+GG

Saldivar

2007

USA

18

epithelial ovarian cancer

TFI

67

40

CC,CG,GG

Sullivan

2014

Spain

19

non-small cell lung cancer†

RECIST

58

16

CC,CG,GG

Sullivan

2014

Spain

19

non-small cell lung cancer

RECIST

31

56

CC+CG,GG

Yu

2007

China

20

non-small cell lung cancer

WHO

41

60

CC,CG,GG

Zhang

2013

China

9

non-small cell lung cancer

EORCT

137

314

CC,CG,GG

Author
rs1047768

‡

rs17655

‡

PFS based: Progression free survival based.
TRG: tumor regression grade.
EORTC: European Organization for Research on Treatment of Cancer.
NCCN: The National Comprehensive Cancer Network.
TFI: treatment-free interval after initial chemotherapy.
RECIST: response evaluation criteria in solid tumors.
†
TNM stage III group in Sullivan’s study (2014).
‡
TNM stage IV group in Sullivan’s study (2014).

Our meta-analysis had the following limitations.
Other polymorphisms can influence ERCC5 mRNA
or protein production (such as rs2296147, rs4150351,
rs873601, and rs751402) [28–31], and they were not
studied here. Their impacts on the sensitivity to platinumbased chemotherapy could not be assessed in this metaanalysis due to the lack of relevant case-control studies.
Only publications in Chinese and English were selected.
The number of non-Chinese studies, and the corresponding
subgroup sample size, may have been too small. Clinical
parameters, such as response evaluation criteria for
chemotherapy, varied between different studies and the
use of these parameters is also subject to the personal
experience of the respective researchers, which may
affect precision. Lastly, gender differences, lifestyle, and
environmental effects were not taken into account.
The entire study workflow strictly adhered to the
instructions of the Preferred Reporting Items for Systematic
www.impactjournals.com/oncotarget

Reviews and Meta-Analysis (PRISMA) statement [32].
The robustness of our results was endorsed by both the
sensitivity analysis and the publication bias analysis. These
two merits can ensure the reliability of our results.

MATERIALS AND METHODS
Literature searching strategies
The official name or alias for the ERCC5
gene (ERCC5, ERCC5-201, COFS3, COFS3-201,
ERCM2, UVDR, XPG, and XPGC), the terms for
cancer (epithelioma, adenocarcinoma, osteosarcoma,
carcinoma, and cancer), and the keywords standing for
single nucleotide polymorphism (polymorphism, SNP,
and variant) were utilized to form a boolean expression.
This expression was systematically queried in Cochrane
Library, Web of Science, and PubMed to collect
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model; (4) all values relating to ERCC5 polymorphism
genotype frequencies were correct and not contradictory;
(5) contained definitive chemotherapy response criteria.
When two or more publications shared the same case and
control samples, only the earliest study was included.
Relevant publications without available data, even after
email requests to their first/corresponding authors,
were excluded. Four investigators participated in the
selection, and another reviewer did a comprehensive
inspection of the included studies.

potentially related studies published in English. All
searches in these databases were finalized September
21, 2016.
To identify the possibly relevant studies
published in Chinese, the same boolean expression
was then used in the China National Knowledge
Infrastructure (CNKI) database. Additional search
queries for chemotherapy (platinum, Cisplatin,
Carboplatin, and Oxaliplatin) were used to filter the
resulting publications. The Chinese literature search
was finalized October 4, 2016.

Data extraction

Study selection

Information including first author’s family name,
year of publication, country, cancer type, genotype
frequencies for the ERCC5 rs1047768 and rs17655
polymorphisms, and tumor response criteria were
extracted from the identified studies by four investigators.
Studies were re-checked to further confirm that they
evaluated the association between the ERCC5 rs1047768
and rs17655 polymorphisms and the sensitivity to
platinum-based therapies.

All included studies met the following selection
criteria: (1) from peer-reviewed journals published
in English or Chinese language; (2) unrelated casecontrol studies evaluating the association between the
ERCC5 polymorphisms (rs1047768 and rs17655), and
the sensitivity to the platinum-based chemotherapy
for cancers; (3) genotype frequency data available
was sufficient to build at least one genetic comparison

Figure 2: Forest plot for associations of the ERCC5 rs1047768 polymorphism with the sensitivity to platinum-based
chemotherapy. Odds ratios with 95% confidence intervals were calculated under the dominant model (CC+CT vs. TT). Abbreviations:

OR, odds ratio; 95% CI, 95% confidence interval; df, degree of freedom; NSCLC, non-small cell lung cancer. The diamonds reflect the
pooled ORs and 95% CIs of the overall population and the individual subgroups. †marks the TNM stage III group in Sullivan’s study (2014),
and ‡indicates the TNM stage IV group in Sullivan’s study (2014). Each involved study was represented by a violet square and a black
horizontal line, representing the point estimate of OR and the corresponding 95% CI, respectively. The area of each square is proportional to
the weight of each study involved. The null effect is marked by a solid vertical line (labelled 1 on the x-axis). If the 95% CI does not cross
1.0 (null effect), it indicates significant effects (P ≤ 0.05). Otherwise, it means the effect estimate was non-significant (P > 0.05).
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1252

Oncotarget

Table 2: Association between the ERCC5 rs1047768 polymorphism and sensitivity to platinumbased chemotherapy
Comparison

Homozygote model (CC vs. TT)

Heterozygote model (CT vs. TT)

Dominant model (CC+CT vs. TT)

Recessive model (CC vs. CT+TT)

OR (95% CI)

P

Ph

OR (95% CI)

P

Ph

OR (95% CI)

P

Ph

OR (95% CI)

P

Ph

2.86 (1.93,4.23)

0.00

0.47

1.74 (1.21,2.51)

0.00

0.97

2.12 (1.58,2.86)

0.00

0.95

2.27 (1.54,3.33)

0.00

0.04

NSCLC

2.21 (1.34,3.65)

0.00

0.68

1.79 (1.10,2.89)

0.02

0.86

1.95 (1.25,3.04)

0.00

0.91

1.66 (1.23,2.23)

0.00

0.15

Others

4.25 (2.25,8.02)

0.00

0.47

1.68 (0.96,2.95)

0.07

0.78

2.28 (1.53,3.41)

0.00

0.76

3.31 (2.14,5.10)

0.00

0.29

China

3.30 (2.14,5.09)

0.00

0.60

1.69 (1.14,2.51)

0.01

0.89

2.18 (1.59,3.00)

0.00

0.87

2.29 (1.76,2.98)

0.00

0.17

Others

1.31 (0.50,3.47)

0.58

0.92

2.09 (0.80,5.47)

0.13

0.84

1.69 (0.70,4.07)

0.24

0.95

1.39 (0.46,4.24)

0.56

0.05

RECIST

2.08 (0.99,4.36)

0.05

0.23

1.72 (0.80,3.67)

0.16

0.93

1.97 (0.99,3.94)

0.05

0.80

2.25 (1.20,4.23)

0.01

0.02

Others

3.21 (2.02,5.10)

0.00

0.72

1.75 (1.15,2.66)

0.01

0.70

2.16 (1.55,3.00)

0.00

0.79

2.05 (1.50,2.81)

0.00

0.21

Overall
Cancer Type

Country

Response Criteria

Ph: P values for heterogeneity.
RECIST: Response Evaluation Criteria In Solid Tumors.
NSCLC: non-small cell lung cancer.

Figure 3: Forest plot for associations of the ERCC5 rs17655 polymorphism with the sensitivity to platinum-based
chemotherapy. Odds ratios with 95% confidence intervals were calculated under the dominant model (CC+CG vs. GG). Abbreviation:

OR, odds ratio; 95% CI, 95% confidence interval; df, degree of freedom; NSCLC, non-small cell lung cancer. The diamonds reflect the
pooled ORs and 95% CIs of the overall population and the individual subgroups. †marks the TNM stage III group in Sullivan’s study (2014),
and ‡indicates the TNM stage IV group in Sullivan’s study (2014). Each involved study was represented by a violet square and a black
horizontal line, representing the point estimate of OR and the corresponding 95% CI, respectively. The area of each square is proportional to
the weight of each study involved. The null effect is marked by a solid vertical line (labelled 1 on the x-axis). If the 95% CI does not cross
1.0 (null effect), it indicates significant effects (P ≤ 0.05). Otherwise, it means the effect estimate was non-significant (P > 0.05).
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Table 3: Association between the ERCC5 rs17655 polymorphism and sensitivity to platinum-based
chemotherapy
Comparison

Homozygote model (CC vs. GG)

Heterozygote model (CG vs. GG)

Dominant model (CC+CG vs. GG)

Recessive model (CC vs. CG+GG)

OR (95% CI)

P

Ph

OR (95% CI)

P

Ph

OR (95% CI)

P

Ph

OR (95% CI)

P

Ph

1.03 (0.63,1.67)

0.92

0.54

0.90 (0.58,1.39)

0.64

0.65

0.97 (0.68,1.40)

0.88

0.66

1.04 (0.76,1.44)

0.79

0.75

NSCLC

1.11 (0.67,1.85)

0.69

0.63

0.89 (0.54,1.48)

0.66

0.44

1.01 (0.68,1.52)

0.94

0.54

1.12 (0.79,1.60)

0.52

0.83

Others

0.37 (0.06,2.37)

0.29

NA

0.93 (0.39,2.20)

0.86

NA

0.81 (0.36,1.85)

0.62

NA

0.76 (0.37,1.58)

0.47

0.41

China

1.17 (0.69,2.00)

0.55

0.63

0.99 (0.57,1.73)

0.98

0.38

1.08 (0.65,1.78)

0.76

0.44

1.10 (0.79,1.52)

0.59

0.82

Others

0.44 (0.12,1.59)

0.21

0.79

0.77 (0.38,1.56)

0.47

0.46

0.86 (0.51,1.46)

0.59

0.48

0.50 (0.15,1.74)

0.28

0.67

RECIST

0.53 (0.09,3.21)

0.49

NA

0.53 (0.16,1.77)

0.30

NA

0.90 (0.45,1.79)

0.77

0.23

0.66 (0.12,3.77)

0.64

NA

Others

1.07 (0.65,1.78)

0.78

0.45

0.97 (0.61,1.55)

0.91

0.68

1.00 (0.65,1.53)

1

0.63

1.06 (0.77,1.46)

0.73

0.65

Overall
Cancer type

Country

Response Criteria

Ph: P values for heterogeneity.
RECIST: Response Evaluation Criteria In Solid Tumors.
NSCLC: non-small cell lung cancer.

Figure 4: Funnel plot for publication bias of the rs1047768 polymorphism studies used in the dominant model (CC+CT
vs. TT). Abbreviations: OR, odds ratio; SE, standard error; log[OR], natural logarithm of OR; NSCLC, non-small cell lung cancer. Each
spot represents one single study and different plotting symbols distinguish different subgroups (cancer types). The black rings indicate
NSCLC studies, while the red diamonds correspond to other cancer types. The vertical dash line denotes the overall OR estimate. The two
oblique dash lines mark the triangular 95% confidence region based on the meta-analysis with the fixed-effect model.

Figure 5: Funnel plot for publication bias of the rs17655 polymorphism studies used in the dominant model (CC+CG
vs. GG). Abbreviations: OR, odds ratio; SE, standard error; log[OR], natural logarithm of OR; NSCLC, non-small cell lung cancer. Each
spot represents one single study and different plotting symbols distinguish different subgroups (cancer types). The black rings indicate
NSCLC studies, while the red diamonds correspond to other cancer types. The vertical dash line denotes the overall OR estimate. The two
oblique dash lines mark the triangular 95% confidence region based on the meta-analysis with the fixed-effect model.
www.impactjournals.com/oncotarget
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Statistics analysis

FUNDING

All statistics analyses in this meta-analysis were
fulfilled using Review Manager software (Version 5.3. The
Nordic Cochrane Centre, The Cochrane Collaboration,
Copenhagen, Denmark).
The extracted data for both the ERCC5 rs1047768
and rs17655 polymorphisms from all included studies
were tested using the homozygote (rs1047768: CC vs.
TT; rs17655: CC vs. GG), heterozygote (rs1047768: TC
vs. TT; rs17655: GC vs. GG), dominant (rs1047768:
CC+TC vs. TT; rs17655: CC + GC vs. GG), and
recessive (rs1047768: CC vs. TT + TC; rs17655: CC
vs. GG + GC) genetic models. The ORs with 95% CIs
were calculated to measure the association between these
ERCC5 polymorphisms and platinum-based chemotherapy
sensitivity. Heterogeneity was evaluated to make the
choice between the random-effect (DerSimonian-Laird
algorithm) [33] and the fixed-effect (Mantel-Haenszel
algorithm) [34] models. When significant heterogeneity
existed (P < 0.10), the random-effect model was applied.
Otherwise, fixed-effect model was used.
To evaluate the differences among subgroups,
stratified comparisons between cancer types (NSCLC or
others), countries (China or others), and chemotherapy
response criteria (RECIST or others) were conducted.
Publication bias was visually assessed via the funnel
plot generated by Review Manager. To ensure stability
of the results, the one-by-one sensitivity analysis with
replacement was used to recalculate the ORs and 95% CIs
on the remaining studies.
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