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Abstract: Many studies have reported the association between XPC Ala499Val and XPG Asp1104His polymorphisms 
and digestive system cancer susceptibility, but the results were inconclusive. We performed a meta-analysis, using a 
comprehensive strategy based on the allele model and a model-free approach, to derive a more precise estimation 
of the relationship between XPC Ala499Val and XPG Asp1104His polymorphisms with digestive system cancer risk. 
For XPC Ala499Val, no significant cancer risk was found in the allele model (OR = 0.98, 95% CI: 0.86-1.11) and with 
model-free approach (ORG = 0.97, 95% CI: 0.83-1.13). For XPG Asp1104His, there was also no association between 
this polymorphism and cancer risk in the allele model (OR = 1.03, 95% CI: 0.96-1.11) and with the model-free ap-
proach (ORG = 1.04, 95% CI: 0.95-1.14). Therefore, this meta-analysis suggests that the XPC Ala499Val and XPG 
Asp1104His polymorphisms were not associated with digestive system cancer risk. Further large and well-designed 
studies are needed to confirm these findings.
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Introduction

Digestive system cancers are types of the most 
common malignant tumors worldwide. In 2014, 
an estimated 71,830 men and 65,000 women 
will be diagnosed with colorectal cancer and 
26,270 men and 24,040 women will die of the 
disease [1]. Various etiological factors of carci-
nogenesis include hereditary mutations and 
susceptibility polymorphisms, inflammation 
due to infectious agents, environmental and 
dietary factors. Hereditary and genetic abnor-
malities usually influence the risk of digestive 
carcinomas slightly or moderately [2-4]. 

DNA repair is the basic mechanism in the func-
tion of human cells and stimulated in response 
to DNA damage. Further, DNA repair is a com-
plex process in maintaining the integrity of the 
genome, which is made up of a series of DNA 
repair pathways, including more than 130 
genes. In humans, there are at least four DNA 
repair pathways. One of the four pathways, 

base excision repair (BER) pathway, is respon-
sible for DNA damage repair in exposure to vari-
ous endogenous and exogenous carcinogens. 
This pathway is to eliminate error and damaged 
bases, and can specifically remove methylated, 
oxidized, or reduced single base pair alterations 
[5]. At least eight core genes (i.e., ERCC1, XPA, 
XPB/ERCC3, XPC, XPD/ERCC2, XPE/DDB1, 
XPF/ERCC4, and XPG/ERCC5) in the NER path-
way play an important role in DNA damage 
repair and maintenance of genome integrity [6, 
7].

Xeroderma pigmentosum group C (XPC) is locat-
ed at chromosome 3p25, which is one of the 
eight core genes in the NER pathway, particular 
plays an important role in the early steps (dam-
age recognition, open complex formation and 
reparation) of genome NER [8, 9]. Recent stud-
ies have showed that polymorphisms of XPC 
gene may alter the DNA repair capacity (DRC) 
and modulate the susceptibility to cancer. The 
Ala499Val (C/T) in exon 9 of XPC gene has been 
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criteria: (1) case-control studies which evaluat-
ed the association between XPC Ala499Val or 
XPG Asp1104His polymorphisms and digestive 
system cancer; (2) Genotype and allele data 
available; and (3) the control population did not 
contain malignant tumor patients. Studies were 
excluded if one of the following existed: (1) no 
control population; (2) duplicate of previous 
publication; and (3) data unavailable for calcu-
lating genotype or allele frequencies.

Data extraction

All the available data were extracted from each 
study by two investigators independently 
according to the inclusion criteria listed above. 
For each study, we recorded the first author, 
year of publication, country of origin, ethnicity, 
cancer type, the method of genotyping, the 

previously identified in several tumors. 
Xeroderma pigmentosum group G (XPG) is also 
one of the NER genes and responsible for 
1,186 amino acid structure specific endonucle-
ase activity, thereby playing a key role in NER of 
helix-distorting DNA damage [6]. It has been 
observed that there is a relationship between 
the SNP in exon 15 (G3507C, Asp1104His) and 
cancer susceptibility. 

Recently, many studies indicated that the XPC 
Ala499Val and XPG Asp1104His genetic poly-
morphism was correlated with cancer risk in 
many cancer types [10-30]. However, this rela-
tionship remains controversial in digestive sys-
tem cancer. Therefore, this meta-analysis was 
performed to evaluate the association between 
the XPC Ala499Val and XPG Asp1104His genet-
ic polymorphism and digestive system cancer 
risk.

Materials and methods

Search strategy

We extracted Eligible case-
control studies by searching 
databases and manual search 
of references of relative 
reviews and articles. To iden-
tify all the studies that exam-
ined the association of XPC 
Ala499Val and XPG Asp- 
1104H is polymorphism and 
cancer risk, we conducted a 
computerized literature sear- 
ch of Embase, PubMed and 
China National Knowledge 
Infrastructure (CNKI). The 
combination of the following 
key words were used as 
search terms: “ERCC5” or 
“XPG”; “XPC”; “Cancer”, ‘‘car-
cinoma’’ or ‘‘tumor’’; “po- 
lymorphism” or ‘‘variation’’. 
There was no limitation of 
research and the last research 
was carried out on Oct 30, 
2014. To explore potentially 
additional studies, we also 
examined the references of 
articles and reviews

Selection criteria

Studies were selected accord-
ing to the following inclusion 

Figure 1. Flow diagram of studies 
identification.
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Table 1. Characteristics of studies included in this meta-analysis

Author Year Country Ethnicity Cancer type Genotyping methods Sample size 
(case/control) Case Control PHWE

XPC Ala499Val CC CT TT CC CT TT
    Berndt 2006 USA Caucasian Colorectal Taqman 219/28897 123 85 11 16983 10515 123 < 0.001
    Huang 2006 USA Mixed Colorectal Taqman 689/703 397 261 31 403 259 397 0.942
    Zhou 2006 China Asian ESCC and GCA PCR-RFLP 461/612 297 131 33 272 282 297 0.217
    McWilliams 2008 USA Caucasian Pancreatic SNPstream 457/582 246 182 29 339 211 246 0.911
    Dong 2008 China Asian Gastric PCR-RFLP 253/612 141 90 22 272 282 141 0.217
    Guo 2008 China Asian Esophageal PCR-RFLP 327/612 156 133 38 272 282 156 0.217
    Pan 2009 USA Caucasian Esophageal Taqman 383/450 228 129 26 251 178 228 0.133
    Long 2010 China Asian Gastric Taqman 361/616 170 156 35 280 274 170 0.673
    Li 2010 China Asian Liver Taqman 500/507 163 248 89 169 250 163 0.787
    Jiao 2011 China Asian Gallbladder PCR-RFLP 334/329 127 177 30 163 146 127 0.087
    Wu 2011 China Asian Colorectal PCR-RFLP 419/838 172 195 52 315 406 172 0.447
    Sun 2014 China Asian Colorectal PCR-RFLP 890/910 276 465 149 321 510 276 < 0.001
    Li D 2014 China Asian Gastric PCR-RFLP 202/327 92 91 19 144 153 92 0.238
XPG Asp1104His GG GC CC GG GC CC
    Bigler 2005 USA Mixed Colorectal Taqman 719/616 440 243 36 353 226 37 0.917
    Huang 2006 USA Mixed Colorectal Taqman 679/697 407 243 29 403 265 29 0.073
    Pardini 2008 Czech Caucasian Colorectal PCR-RFLP or Taqman 532/532 334 177 21 356 153 23 0.211
    Hussain 2009 China Asian Gastric SNPlex 181/361 38 104 39 90 180 91 0.958
    Pan 2009 USA Caucasian Esophageal Taqman 382/457 222 145 15 287 155 15 0.281
    Li 2010 China Asian Liver Taqman 500/507 174 233 93 151 265 91 0.175
    Canbay 2010 Turkey Caucasian Gastric PCR-RFLP 40/247 25 12 3 148 83 16 0.352
    Liu 2011 China Asian Colorectal PCR-RFLP 1028/1085 233 603 192 329 537 219 0.996
    Canbay 2011 Turkey Caucasian Colorectal PCR-RFLP 192/208 105 77 10 109 74 25 0.031
    Gil 2012 Poland Caucasian Colorectal PCR-RFLP 132/100 86 35 11 64 31 5 0.625
    Du 2014 China Asian Lung Taqman 878/884 286 459 133 355 405 124 0.623
    Sun 2014 China Asian Colorectal PCR-RFLP 890/910 216 476 198 227 497 186 0.004
ESCC: Esophageal Squamous Cell Carcinoma; GCA: Gastric Cardiac Adenocarcinoma; PCR-RFLP: Polymerase Chain Reaction-restriction Fragment Length Polymorphism; HWE: 
Hardy-Weinberg. Equilibrium.
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studies in Asians, and one study in mixed eth-
nic group. As to the XPG Asp1104His polymor-
phism, there were five studies conducted in 
Caucasians, five studies in Asians, two studies 
in mixed ethnic group. Study characteristics are 
summarized in Table 1. The genotype distribu-
tions in the controls of all studies were consis-
tent with HWE except for three studies [18, 21, 
23].

Quantitative synthesis

For the allele contrast, 13 studies (5495 case 
and 35995 control) that researched the rela-
tionship between XPC Ala499Val polymorphism 
and the risk of digestive system cancers were 
included in the meta-analysis. The results 
showed that there was large heterogeneity 
among studies (I2 = 81.6%, Pheterogeneity < 0.001); 
therefore, the random-effects model was used; 
OR = 0.98 (0.86-1.11). In subgroup analysis 
based on ethnicity, there was no heterogeneity 
among the studies performed in Caucasian but 
large heterogeneity in studies on Asians. And 
the pooled ORs were no significant: 1.07 (0.94-
1.21), and 0.95 (0.80-1.14), respectively 
(Figure 2). We also examined the association of 
the XPC Ala499Val polymorphism and cancer 
risk according to cancer type. No significant 

number of cases and controls and genotype 
distributions in cases and controls.

Statistical analysis

Hardy-Weinberg equilibrium was examined by 
chi-square goodness-of-fit test (P > 0.05) using 
gene frequencies of the healthy individuals. 
Zintzaras reported a novel method to calculate 
the generalized odds ratio (ORG) based on a 
genetic model-free approach, which may over-
come the short-comings of multiple model test-
ing or erroneous model specification [31]. Thus, 
the ORG calculations were also performed.

The heterogeneity of the studies was assessed 
using the Cochran’s Q test (considered signifi-
cant for P < 0.10) and was quantified by the I2 
statistic. Both fixed effects (Mantel-Haenszel) 
and random effects (Der Simonian and Laird) 
models were used to combine the data. Relative 
influence of each study on the pooled estimate 
was assessed by omitting one study at a time 
for sensitivity analysis. Publication bias was 
evaluated by visual inspection of symmetry of 
Begg’s funnel plot and assessment of Egger’s 
test (P < 0.05 was regarded as representative 
of statistical significance). Statistical analyses 
were done in ORGGASMA and STATA software, 

version 11.0 (STATA Corp., 
College Station, TX, USA), and 
all tests were two-sided.

Results

Characteristics of the studies

There were 83 papers relevant 
to the search words. The flow 
chart of selection of studies 
and reasons for exclusion is 
presented in Figure 1 Overall, 
21 articles were included in 
the final meta-analysis. There 
were 13 articles with 5495 
cases and 35995 controls for 
the XPC Ala499Val polymor-
phism, and 12 studies with 
6153 cases and 6604 con-
trols for the XPG Asp1104- 
His polymorphism. For the 
XPC Ala499Val polymorphism, 
there were three studies con-
ducted in Caucasians, nine 

Figure 2. Odds ratios (OR) and 95% confidence interval (CI) of individual 
studies and pooled data for the association of the XPC Ala499Val polymor-
phism and digestive system cancer risk in allele model.
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association was found between XPC Ala499Val 
polymorphism and cancer risk according to 
cancer type (Table 2). Examining genotype fre-

quencies in the controls, significant deviation 
from HWE was detected in the two studies [21, 
23]. When the two studies were excluded, 

Table 2. Meta-analysis of the XPC Ala499Val and XPG Asp1104His polymorphisms and digestive 
system cancer risk

Study characteristics Case/controls Genetic 
model OR (95% CI) I2 (%) P for  

heterogeneity
XPC Ala499Val
Total (N = 13) 5495/35995 Allele Model 0.98 (0.86-1.11) 81.6 < 0.001

ORG 0.97 (0.83-1.13) 83.2 < 0.001
Ethnicity Caucasian (N = 3) 1059/29929 Allele Model 1.07 (0.94-1.21) 0 0.480

ORG 1.07 (0.93-1.23) 16.1 0.304
Asian (N = 9) 3747/5363 Allele Model 0.95 (0.80-1.14) 87.1 < 0.001

ORG 0.94 (0.75-1.17) 88.1 < 0.001
Mixed (N = 1) 689/703 Allele Model 0.96 (0.80-1.14)

ORG 0.97 (0.79-1.18)
Cancer type Colorectal (N = 4) 2217/31348 Allele Model 1.05 (0.88-1.26) 77.4 0.004

ORG 1.07 (0.87-1.32) 76.9 0.005
Gastric (N = 3) 816/1555 Allele Model 0.89 (0.75-1.04) 35.3 0.213

ORG 0.86 (0.73-1.00) 44.5 0.165
Esophageal (N = 2) 710/1062 Allele Model 0.97 (0.83-1.12) 0 0.902

ORG 0.92 (0.78-1.10) 0 0.827
Other (N = 4) 1752/2030 Allele Model 0.98 (0.68-1.42) 92.8 < 0.001

ORG 0.98 (0.62-1.56) 93.5 < 0.001
HWE Yes (N = 11) 4386/6188 Allele Model 0.94 (0.82-1.07) 78.2 < 0.001

ORG 0.92 (0.78-1.09) 80.6 < 0.001
No (N = 2) 1109/29807 Allele Model 1.21 (1.02-1.43) 47.5 0.168

ORG 1.28 (1.12-1.47) 50.2 0.156
XPG Asp1104His
Total (N = 12) 6153/6604 Allele Model 1.03 (0.96-1.11) 37.3 0.093

ORG 1.04 (0.95-1.14) 42.3 0.060
Ethnicity Caucasian (N = 5) 1278/1544 Allele Model 1.05 (0.92-1.21) 8.7 0.357

ORG 1.09 (0.94-1.26) 0 0.477
Asian (N = 5) 3477/3747 Allele Model 1.08 (0.98-1.18) 41.0 0.148

ORG 1.09 (0.97-1.23) 51.2 0.084
Mixed (N = 2) 1398/1313 Allele Model 0.91 (0.80-1.03) 0 0.535

ORG 0.89 (0.77-1.03) 0 0.591
Cancer type Colorectal (N = 8) 5050/5032 Allele Model 1.04 (0.95-1.14) 50.3 0.05

ORG 1.05 (1.00-1.16) 53.2 0.037
Gastric (N = 2) 221/608 Allele Model 1.00 (0.79-1.26) 0 0.875

ORG 0.99 (0.75-1.30) 0 0.819
Other (N = 2) 882/964 Allele Model 1.02 (0.80-1.30) 63.4 0.098

ORG 1.02 (0.76-1.38) 68.2 0.076
HWE Yes (N = 10) 5071/5486 Allele Model 1.04 (0.96-1.13) 37.8 0.106

ORG 1.05 (0.95-1.17) 47.6 0.046
No (N = 2) 1082/1118 Allele Model 0.95 (0.73-1.23) 61.5 0.107

ORG 1.02 (0.88-1.18) 35.8 0.212
ORG: The Generalized Odds Ratio.
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(I2 = 42.3%, Pheterogeneity =  0.060), and the ran-
dom effect was used; ORG = 1.04 (0.95-1.14). 
When the two studies deviation from HWE were 
excluded, results showed a similar pattern: ORG 
= 1.05 (0.95-1.17), with moderate heterogene-
ity (I2 = 47.6%, Pheterogeneity = 0.046). Same situa-
tions were encountered in subgroup analysis 
based on ethnicity and cancer type, namely, no 
signifiant associations were found (Table 2).

Sensitive analysis

Sensitivity analyses were performed to assess 
the influence of individual dataset on the 
pooled ORs by sequential removing each eligi-
ble study. As seen in Figure 4, any single study 
was omitted, while the overall statistical signifi-
cance does not change, indicating that our 
results are statistically robust.

Publication bias

Begg’s funnel plot and Egger’s test were per-
formed to assess publication bias among the 
literatures. As shown in Figure 5, there was no 
evidence of publication bias for XPC Ala499Val 
in allele model (Begg’s test P = 0.760; Egger’s 
test P = 0.303) and XPG Asp1104His in allele 
model (Begg’s test P = 0.451; Egger’s test P = 
0.253).

results showed that there still was large hetero-
geneity among studies (I2 = 78.2%, Pheterogeneity < 
0.001); hence, the random-effects model was 
used; OR = 0.94 (0.82-1.07). 

Similarly, for the model-free approach, 13 stud-
ies were included. The results showed that 
there was large heterogeneity among studies (I2 
= 83.2%, Pheterogeneity < 0.001), and the random-
effects model was used; ORG = 0.97 (0.83-
1.13). In subgroup analysis based on ethnicity, 
no significant heterogeneity was found in 
Caucasian and the fixed-effect ORG equalled 
1.07 (0.93-1.23). But in Asians, large heteroge-
neity existed (I2 = 88.1%, Pheterogeneity < 0.001), 
and random-effects model was used to esti-
mate the pooled ORG = 0.94 (0.75-1.17; Table 
2). In subgroup analysis based on cancer type, 
no significant association was found between 
XPC Ala499Val polymorphism and cancer risk. 
When the two studies deviation from HWE were 
excluded, results showed that there still was 
large heterogeneity among studies (I2 = 80.6%, 
Pheterogeneity < 0.001), and the random-effects 
model was used; ORG = 0.92(0.78-1.09) (Table 
2).

For the allele contrast, there were 12 articles 
(6153 case and 6604 control) studying the 
association between XPG Asp1104His poly-

morphism and the risk of 
digestive system cancers. The 
results showed moderate het-
erogeneity among studies (I2 = 
37.3%, Pheterogeneity = 0.093), 
and the random-effects OR = 
1.03 (0.96-1.11; Figure 3). 
When the two studies devia-
tion from HWE were excluded 
[18, 21], results showed no 
heterogeneity among studies 
(I2 = 37.8%, P = 0.106), and 
the fixed-effects OR was not 
significant either: OR = 1.04 
(0.96-1.13). Same situations 
were encountered in subgroup 
analysis based on ethnicity 
and cancer type (Figure 3), 
namely, no significant associ-
ations were found (Table 2).

For the model-free approach, 
12 studies were included. The 
results also showed moderate 
heterogeneity among studies 

Figure 3. Forest plot of the odds ratio (OR) and 95% confidence intervals (CIs) 
of studies on the association between digestive system cancer and the XPG 
Asp1104His polymorphism based on allele model.
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Figure 4. Sensitivity analysis: examining the influence of individual studies to pooled odds ratios (OR). A. XPC Ala499Val polymorphism in allele model; B. XPG As-
p1104His polymorphism in allele model.
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Discussion

At present, the majority of meta-analyses of 
genetic association studies are usually con-
ducted by comparing genotype frequencies 
between cases and controls under various 
genetic models. However, these genetic mod-
els are not independent, and a priori knowledge 
or biological justification for model selection is 
seldom available [32, 33]. But in our study, the 
model-free approach was used. The application 
of ORG might overcome the drawbacks of mul-
tiple model testing or erroneous model specifi-
cation and make the interpretation of the 
results easier [31].

To our knowledge, the current meta-analysis is 
the largest one to investigate the association 
between XPC Ala499Val and XPG Asp1104His 
polymorphisms and digestive system cancer 
risk. Pooled analysis for the XPC Ala499Val 
polymorphism contained 13 studies with a 
total of 5495 cases and 35995 controls; mean-
while, pooled analysis for the XPG Asp1104His 
polymorphism encompassed 12 studies with 
6153 cases and 6604 controls. The meta-anal-
ysis observed no significant association be- 
tween XPC Ala499Val and XPG Asp1104His 
polymorphisms and digestive system cancer 
risk in the overall population and in the sub-
group analysis by ethnicity and cancer type.

The XPC Ala499Val and XPG Asp1104His poly-
morphisms and cancer risk have been investi-
gated by several meta-analyses [34, 35]. 
Recently, He et al conducted a comprehensive 
meta-analysis about XPG Asp1104His polymor-

phisms and cancer susceptibility, and found 
that the XPG Asp1104His polymorphism confer 
significantly susceptibility to cancer risk [34]. 
Compared with He’s work, we only focus on the 
association of XPG Asp1104His polymorphism 
and digestive system cancer, while He et al. 
analyzed a variety of cancers, including breast 
cancer, lung cancer, bladder cancer, and glio-
ma, etc. Additionally, two recently published 
studies [20, 21] were not included in that meta-
analysis. Therefore, we identified more eligible 
studies and performed a detailed analysis by 
the allele model and model-free approach. 
Compared with another meta-analysis about 
XPC Ala499Val polymorphism and digestive 
system risk reported by Jiang et al [35], we 
identified more eligible studies and performed 
analysis by a comprehensive strategy, while 
they only analyzed six studies about XPC 
Ala499Val polymorphism.

The current study has some inevitable limita-
tions that should be acknowledged. First, our 
results were based on an unadjusted estimat-
ed, a more precise analysis would have been 
conducted if more detailed individual data were 
available. Second, there was significant hetero-
geneity among included studies. Even though 
we used the random-effect model to calculate 
pool ORs, the precision of outcome would be 
affected. Third, only published studies were 
included in this meta-analysis, which may have 
biased our results.

In summary, we concluded that the XPC 
Ala499Val and XPG Asp1104His polymor-
phisms were not associated with digestive sys-

Figure 5. Begg’s funnel plot for publication bias test. Each point represents a separate study for the indicated as-
sociation. A. Funnel plot for allele model of XPC Ala499Val polymorphism; B. Funnel plot for allele model of XPG 
Asp1104His polymorphism.
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tem cancer risk. However, future well designed 
large studies, particularly stratified by gene-
gene and gene-environment interactions might 
be necessary to clarify the possible role of the 
XPC Ala499Val and XPG Asp1104His polymor-
phisms in the susceptibility to digestive system 
cancer.
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