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1 Introduction
Esophageal cancer (EC) is a kind of digestive tract tumors, 

of which the morbidity and mortality are very different all round 
the world. China is one of the regions with high incidence of 
esophageal cancer worldwide, and more than half of the patients 
with EC had locally advanced or metastatic disease at the time 
of visit (Jemal et al., 2011; Liang et al., 2013). However, the 
etiology of most cases of esophageal cancer remains unknown 
due to probable multifactorial mechanisms of pathogenesis. One 
of the most pivotal factors leading to the difference in response 
to EC is the genetic variation between patients. Consequently, 
there are more and more studies paying attention to the 
differences in the gene of EC. Thus, it is important to identify 
the genes that contribute to susceptibility, severity, and drug 
response. Among these genetic variations, the polymorphisms 
in xeroderma pigmentosum group D (XPD) have been most 
evaluated in esophageal cancer (Sung et al., 1993; Boer & 
Hoeijmakers, 2000). The mutation of the XPD Asp312Asn has 
been extensively examined in studies on XPD polymorphisms 
in esophageal cancer. The potential relationships between 
XPD Asp312Asn polymorphism and the risk of EC remain 
conflicting, which may be because of the ethnic and regional 
differences and sample size. To decrease the effect of racial 
differences on EC, we carried out a meta-analysis to explore 
the relevance between XPD Asp312Asn polymorphism and 
the risk of EC in Chinese population.

2 Samples and methods
2.1 Eligible studies

The studies from beginning to October 2019 were searched 
in PubMed, Embase, Web of Science, the Cochrane Library, the 
Chinese Biomedical Database, and the CNKI databases. The 
following terms were used to search: (“ERCC2” or “XPD” or 
“excision repair cross-complementing group 2” or “DNA repair 
gene”) and (“esophageal” or “esophagus”). The search had not been 
restricted in language or publication status. Inclusion criteria: 
(1) studies with case-control which were related to the relevance 
between XPD Asp312Asn polymorphism and EC; (2) studies 
with enough data of genotypes to assess the OR; (3) the samples 
only referred to Chinese individuals; (4) studies with complete 
data. Exclusion criteria: studies which were not original article. 
The potentially enrolled studies and extracted information 
from those studies, such as the authors’ name, publication year, 
geographic areas, sample number, and genotype data with XPD 
Asp312Asn polymorphism were screened by the investigators.

2.2 Statistical analysis

The relevance between XPD Asp312Asn polymorphism 
and EC was assessed by pooled ORs and 95% CIs, which were 
analyzed by Z-test. The model of Asn vs. Asp, Asn/Asn vs. Asp/Asp, 
Asn/Asn vs. (Asp/Asp + Asp/Asn) and (Asn/Asn+ Asp/Asn) 
vs. Asp/Asp were examined with the esophageal cancer risk, 
respectively. The heterogeneity test was evaluated by chi-square 
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Practical Application: By further investigating the relationship between the XPD Asp312Asn polymorphism and esophageal 
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Table 2. Association of the XPD Asp312Asn polymorphism on esophageal cancer susceptibility.

Analysis model n ORr(95%CI) ORf(95%CI) Ph

Asn vs. Asp

Total analysis 8 1.12 (0.97-1.30) 1.12 (0.97-1.30) 0.999
PB 5 1.12 (0.94-1.34) 1.12 (0.94-1.34) 0.978
HB 3 1.12 (0.86-1.46) 1.12 (0.86-1.46) 0.896
North China 6 1.12 (0.95-1.32) 1.12 (0.95-1.32) 0.994
South China 2 1.14 (0.81-1.61) 1.14 (0.81-1.61) 0.654

Asn/Asn vs. Asp/Asp
Total analysis 6 1.48 (0.57-3.83) 1.51 (0.60-3.85) 0.962
PB 5 1.55 (0.56-4.29) 1.59 (0.59-4.30) 0.921
North China 5 1.65 (0.56-4.91) 1.70 (0.59-4.92) 0.934

Asn/Asn vs. Asp/Asp + Asp/Asn
Total analysis 6 1.46 (0.56-3.78) 1.49 (0.59-3.79) 0.958
PB 5 1.53 (0.56-4.23) 1.57 (0.58-4.24) 0.914
North China 5 1.64 (0.55-4.86) 1.68 (0.58-4.87) 0.930

Asn/Asn+ Asp/Asn vs. Asp/Asp

Total analysis 8 1.12 (0.96-1.31) 1.12 (0.96-1.31) 0.994
PB 5 1.12 (0.93-1.35) 1.12 (0.93-1.35) 0.944
HB 3 1.14 (0.86-1.50) 1.14 (0.86-1.50) 0.882
North China 6 1.11 (0.94-1.32) 1.11 (0.94-1.32) 0.980
South China 2 1.16 (0.81-1.66) 1.16 (0.81-1.66) 0.631

ORr: Odd ratio for random-effects model; ORf: Odd ratio for fixed-effects model; Ph: P value for heterogeneity test.

based Q-test. OR values were pooled by using fixed-effects 
model without significant heterogeneity. On the contrary, the 
random-effects model was carried out. In addition, the sensitivity 
was evaluated by assessing the consistency between fixed-effects 
model and random-effects model. The potential publication 
bias was evaluated by funnel plot which was assessed by the 
Egger’s test. Stata, version 12 (StataCorp LP, College Station, 
TX) was carried out to perform statistical analyses. P < 0.05 
was considered to be significantly different. Moreover, subgroup 
analyses stratified by geographic area and source of controls 
were carried out.

3 Results
3.1 Characteristics of obtained reports

Through research, a total of 92 published articles assessing 
XPD polymorphisms together with esophageal cancer were 
found. In total, 8 studies (Xing et al., 2002; Yu et al., 2004; 
Zhou, 2007; Wu et al., 2012; Huang et al., 2012; Wang, 2012; 
Li & Sun, 2013; Zhang et al., 2014) were used in this report, 
which met our inclusion criteria. All the included articles were 
published between 2002 and 2014. At the end, 2553 esophageal 
cancer cases and 3091 controls for assessing the relation between 

XPD Asp312Asn polymorphism and the risk of EC among 
Chinese were involved (Table 1).

3.2 Results of meta-analysis

Because there were no heterogeneities among the included 
studies (P > 0.05, I2=0%), we carried out fixed-effect model in 
every genotype. In overall population, the pooled results did 
not show a significant risk of EC with the XPD Asp312Asn gene 
polymorphism in the four gene models (Table 2, Figure 1). 
Moreover, the stratified analysis did not find an association for 
esophageal cancer in population-based studies and hospital-
based studies, as well as in South and North China (Table 2).

3.3 Sensitive analysis and publication bias diagnosis

The stability and sensitivity were used to compare the difference 
by using fixed-effects model and random-effects model. There 
were no changes in all pooled ORs. In addition, sensitivity analysis 
showed that our meta-analysis had good stability (Table 2). The 
results of publication bias indicated that the shape of the funnel 
plot did not show notable asymmetry (Figure 2). Besides, the 
Egger’s test suggested that there was no marked publication bias 
in selected studies (t = -0.04, P = 0.970, Figure 3).

Table 1. Characteristics of studies included in the meta-analysis.

Author and 
publication year

Source of 
controls

Cancer 
Type

Geographic 
areas

Case 
number

Control 
number

Case Control HWE
Asp/
Asp

Asp/
Asn

Asn/
A sn

Asp/
Asp

Asp/
Asn

Asn/
Asn χ2 P

Xing et al. (2002) PB ESCC Beijing 433 524 381 49 3 461 62 1 0.53 0.467
Yu et al. (2004) HB ESCC Hubei 135 152 121 14 0 136 16 0 0.47 0.493
Zhou 2007 PB ESCC Hebei 327 612 279 46 2 528 82 2 0.40 0.527
Wu et al. (2012) PB ESCC Henan 235 235 206 28 1 212 22 1 0.27 0.602
Huang et al. (2012) HB ESCC Xinjiang 213 358 171 42 0 298 60 0 2.99 0.084
Wang 2012 PB ESCC Henan 405 405 349 55 1 354 50 1 0.31 0.580
Li & Sun (2013) PB ESCC Jiangsu 400 400 342 56 2 351 47 2 0.10 0.754
Zhang et al. (2014) HB ESCC Henan 405 405 349 55 1 354 50 1 0.31 0.580
PB: population-based; HB: hospital-based; ESCC: esophageal squamous cell carcinoma; HWE: Hardy-Weinberg equilibrium. χ2: Chi square value; P: P-value.
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Figure 1. The forest plots on the association between XPD Asp312Asn 
polymorphism on esophageal cancer susceptibility under allele model.

Figure 2. Publication bias assessment of XPD Asp312Asn polymorphism 
and esophageal cancer risk with Begg’s funnel plot. SND: standard 
normal deviate.

Figure 3. Egger’s linear regression for the Begg’s funnel plot.

4 Discussion
DNA repair enzyme gene polymorphisms could change the 

function of disrupting DNA repair, resulting in genetic variation 
and carcinogenesis (Coskunpinar et al., 2015). Some studies 
had been published to analyze the relation in XPD Asp312Asn 
polymorphism and EC, however, no comprehensive exact conclusion 
was obtained. Individual study could generate diverse results as 
the variability in region and individual in different populations, 
or due to the limit of cases. Furthermore, a unique culture and 
lifestyle from diverse ethnic group resulted in the different genetic 
trait with cancers (Zhang et al., 2018; Liu et al., 2017). To avoid 
these limits, we performed this study to further survey the relation 
about XPD Asp312Asn polymorphism and esophageal cancer in 
Chinese populations. Analyses of 8 publications including 2553 
esophageal cancer cases and 3091 controls did not provide the 
evidence that XPD Asp312Asn polymorphism was related to 
the risk of EC in Chinese. And there was no marked association 
between XPD Asp312Asn gene polymorphism and EC in South 
China and North China by subgroup analyses.

Our findings were inconsistent with the other meta-analyses, 
which showed that XPD Asp312Asn gene polymorphism was 
related to a significantly raised risk for EC in overall populations 
(Duan et al., 2012; Guo et al., 2014; Yang et al., 2014). In Duan 
et al.’s (2012) meta-analysis, there was notable relevance in 
Caucasian populations. However, Guo et al.’s (2014) meta-analysis 
found no association between them among Asian and European. 
In Yang et al.’s (2014) meta-analysis, the stratified analysis by 
ethnicity showed marked relationship between XPD Asp312Asn 
polymorphism and EC susceptibility in non-Chinese populations 
in the Asp/Asn vs Asp/Asp comparison and in the dominant 
model comparison. However, there was no similar association 
in Chinese. These results indicated that XPD Asp312Asn gene 
polymorphisms and esophageal cancer are significantly related 
to ethnicity. Therefore, some studies have been carried out in 
Chinese population and subgroups will make this meta-analysis 
better. Under certain circumstances, our results suggested that 
XPD Asp312Asn gene polymorphism may not be a marked 
risk factor for esophageal cancer development in the Chinese 
population.

Most importantly, XPD Asp312Asn polymorphism may vary 
greatly between different races, but this study mainly focused 
on Chinese population. Some limitations existed in our meta-
analysis. The conducted (ethnic-specific) meta-analysis only had 
data from a single ethnic group, which made our results only 
apply to Chinese populations. Besides, we did not consider other 
influences on EC, such as tobacco, alcohol, environmental factors, 
or lifestyle, that could have led to potential bias. Furthermore, 
the causative mechanism of EC is much complicated and is 
regulated by activities of gene-gene and gene-environment 
interactions. Because of the lack of related information, these 
interactions were not included in our study.

5 Conclusion
In short, our results showed that there may be no relevance 

between the XPD Asp312Asn polymorphism and EC susceptibility 
in Chinese. For the sake of further assessing the relationship 
between XPD Asp312Asn polymorphism and esophageal cancer, 
more studies in other populations with different environmental 
background or other risk factors are needed.
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