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Abnormalities of the ERCC1 gene can affect DNA repair pathways, thereby having a vital effect on genomic stability. A growing
amount of case-control studies have focused on making an investigation of the association between ERCC1 rs11615
polymorphism and cervical cancer susceptibility. However, the controversial results have raised concerns. To draw a more
accurate conclusion, six studies were elaborately selected from the electronic databases for this meta-analysis, with 753 cervical
cancer cases and 851 healthy controls. We applied pooled ORs combined with 95% CIs to test the potential associations.
Significant associations were revealed in Chinese populations (T vs C: OR = 1:557 and 95%CI = 1:234 – 1:966; TT vs CC:
OR = 3:175 and 95%CI = 1:754 – 5:748; TT/CT vs CC: OR = 1:512 and 95%CI = 1:126 – 2,031; and TT vs CT/CC: OR = 2:836
and 95%CI = 1:592 – 5:051). Even when the studies deviating from HWE were excluded, an increased cervical cancer
susceptibility was observed in Chinese. These results disclose that there is an obvious correlation between the risk of cervical
cancer and ERCC1 rs11615 polymorphism, especially in Chinese populations, and the T variant is the risky one. Also, our
findings need further studies to validate.

1. Introduction

Cervical cancer is the fourth most frequently diagnosed
malignant tumor in clinical practice [1], and it is also a gyne-
cological tumor with a fatality rate second only to breast
cancer among women [2]. Unfortunately, the specific patho-
genesis of cervical cancer has not been expounded at present.
Existing studies have made clear that HPV infection is an
important factor leading to cervical cancer [3]. Nevertheless,
HPV infection alone is not enough to cause the occurrence
of cervical cancer. It is also affected by host genetics, age,
sexual life, chronic vaginitis, and other factors [3–5]. Among

them, genes have a crucial impact on determining cancer
risk, and multifarious genetic variants also increase the risk
of suffering from cancer [6].

DNA damage refers to changes in DNA composition
and structure caused by various internal and external fac-
tors, including ionizing radiation, ultraviolet radiation, and
free radicals [7, 8]. Therefore, for the sake of maintaining
the integrity and stability of the genome, organisms must
develop a series of DNA repair pathways involving a variety
of complex mechanisms [9, 10]. These pathways require the
participation of multitudinous proteins, and without doubt,
changing genes that encode these proteins will affect the
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expression level of related proteins, leading to direct damage
to DNA repair ability, while the gene mutation and chro-
mosome damage caused by incomplete DNA repair are
important factors of cancer transformation and tumor
progression [11–13].

As a DNA repair protein, excision repair cross-
complementation group 1 (ERCC1) participates in numer-
ous DNA damage repair pathways, such as nucleotide
excision repair (NER), basic excision repair (BER), inter-
strand cross-linking (ICL) repair, and recombinant DNA
repair [14–17]. Genetic mutations occurring on a single
nucleotide can cause DNA sequence polymorphism, includ-
ing the insertion, deletion, transformation, and replacement
of a single base, which is known as single nucleotide poly-
morphism (SNP). SNPs are reported to be the most usual
form of genetic variation in humans, and the proportion is
more than 90% [18, 19].

In the past, many literatures have studied the effect of
ERCC1 polymorphism on cancers, especially ERCC1
rs3212986 and rs11615. For example, Bajpai et al. [20] have
reported the relationship between ERCC1 rs3212986 poly-
morphism and cervical cancer susceptibility and found that
the T variant at this site is correlated with the occurrence
of cervical cancer. Nevertheless, more studies have focused
on the association between ERCC1 rs11615 and cancer.
The study by Yu et al. [21] has shown that ERCC1
C19007T (ASN118ASN, rs11615) polymorphism may lead
to decline protein expression by affecting its mRNA and is
ultimately associated with decreased DNA repair ability in
cancer cells [22]. In addition, studies have shown that indi-
viduals with reduced ERCC1 expression may have a higher
risk of the squamous intraepithelial lesion, which ultimately
leads to invasive cervical cancer [23]. It is worth noting that
low ERCC1 expression is also associated with poor progno-
sis in cervical cancer patients [24]. Therefore, we hypothe-
sized that ERCC1 rs11615 polymorphism might play a role
in cervical cancer susceptibility and prognosis.

Based on this hypothesis, we searched the literatures and
found that the correlation between ERCC1 rs11615 poly-
morphism and susceptibility to cancers has been reported
in multiple meta-analyses, such as breast cancer, lung can-
cer, pancreatic cancer, head-and-neck cancer, and colorectal
cancer [14, 25–28]. However, case-control studies or meta-
analysis about cervical cancer have yielded conflicting results
[6, 29]. In consequence, based on existing case-control
studies, we carried out this new meta-analysis, aiming to
elucidate the correlation between ERCC1 rs11615 polymor-
phism and cervical cancer susceptibility and better predict
the occurrence and development of cervical cancer in clini-
cal practice.

2. Methods

2.1. Literature Retrieval Strategy. All relevant studies were
independently searched and screened by two researchers.
By entering the following keywords: ‘cervical cancer’ or
‘cervical carcinoma’ or ‘cervical neoplasm’ and ‘SNP’ or
‘polymorphism’ or ‘genetic variant’ and ‘ERCC1’ or ‘excision
repair cross-complementary group 1’ or ‘rs11615’, we

retrieved correlative articles published in the CNKI, Embase,
Pubmed, WanFang, and EBSCO databases up to September
2021. Additionally, we attempted to find potentially relevant
studies from the abstracts, full texts, and reference lists of the
identified articles.

2.2. Selection and Exclusion Criteria. Articles selected for our
meta-analysis should accord with the following criteria:
(1) evaluating the correlation between ERCC1 rs11615 poly-
morphism and cervical cancer susceptibility; (2) human case-
control study; and (3) containing complete genotyping data
for calculation. Articles with repeated published data or
which were case reports or conference reports or reviews
and where genotype frequency or allele frequency could not
be obtained were excluded. After identifying the original
studies required, we performed a quality control assessment
of the literature by using Newcastle-Ottawa Scale (NOS).

2.3. Data Extraction. Two researchers extracted the original
data according to the selection criteria, and a third
researcher assisted them if the collected data were found to
be inconsistent. The information we collected was as follows:
(1) first author; (2) published year; (3) country and ethnicity;
(4) case number and control number; (5) genotyping
method; (6) allele and genotype frequency; and (7) Hardy-
Weinberg equilibrium (HWE) in controls (it can be calcu-
lated from the control data).

2.4. Statistical Analysis. In this study, almost all the analysis
processes were accomplished by the STATA 12.0 software. A
Chi-square test for the genotypes frequencies of controls was
applied to judge whether it is in keeping with HWE; P < 0:05
indicates that HWE is not balanced [30]. We used pooled
odds ratios (ORs) combined with their 95% confidence
intervals (CIs) to estimate the association in allele (T vs C),
homozygous (TT vs CC), heterozygous (TC vs CC), reces-
sive (TT vs TC/CC), and dominant (TC/TT vs CC) models.
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Figure 1: The detailed process of literature selection and inclusion.
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According to the characteristics of the literatures, we chose
country and genotype methods as the targets of subgroup
analysis. Moreover, we used the I2 test to detect heterogene-
ity, with I2 > 50% indicating significant heterogeneity, and
Q-test with a P < 0:1 indicating that. When the result
showed P > 0:1 and I2 < 50%, it means that no or low
heterogeneity was found and a fixed-effects model could be
utilized. If not, a random-effects model was selected
[31, 32]. Furthermore, sensitivity analysis, which can detect
the impact of each literature on the final results, and publica-
tion bias, which was usually shown by Begg’s funnel plot and
Egger’s test, were also proceeded by Stata. If P < 0:05, it can
be regarded as there is significant bias [33]. Finally, we con-
ducted an additional trial sequential analysis by using TSA
software to verify whether our existing sample size was suffi-
cient to support our conclusions.

3. Results

3.1. Characteristics of Studies. All the related scripts and sup-
ported data were uploaded on the Github page https://github
.com/ZYFNJMU/ERCC1-rs11615-and-cervical-cancer. The
detailed procedure of literature selection and inclusion is
shown in Figure 1. In the end, we retrieved six suitable orig-
inal pieces of literature for this meta-analysis [22, 29, 34–37],
involving 753 cervical cancer cases and 851 controls. Table 1
showed the result of the quality control assessment con-
ducted through NOS. It indicated that the quality of the
six original studies included in our meta-analysis was rela-
tively excellent. As for subjects, all of them were Asians. In
Tables 2 and 3, we, respectively, exhibited the characteristics
of all the contained studies and the frequency distribution of
alleles and genotypes for each study.

3.2. Quantitative Data Synthesis. Table 4 summarized the
main results of rs11615 polymorphism and cervical cancer
susceptibility. The results announced that cervical cancer
susceptibility is not associated with ERCC1 rs11615 poly-
morphism in all five models (Figure 2(a)). Meta-analysis
was conducted again after excluding studies that do not con-
form to HWE, and the results showed that there is an
explicit association between them (Figure 2(b)).

3.3. Subgroup Analysis. In the subgroup analysis based on
country classification, four case-control studies on Chinese
people were included. Since there are only two studies,
respectively, for the people of Bangladesh and Korea, no
subgroup analysis of Bangladeshi and Korean populations
was performed. The results showed a growing risk of cervical
cancer in the Chinese population in four models but not in
the heterozygous model (Table 4 and Figure 2(c)). We
removed the study that did not conform to HWE once again,
and the results still showed the prominent correlation for
Chinese in the four models (Table 4 and Figure 2(d)). Four
studies genotyped by PCR-RFLP were applied for subgroup
analysis, and the results stated that there was no association
between them, regardless of whether we removed the studies
that did not conform to HWE or not. Among the four stud-
ies, there were two articles about Chinese. Therefore, we
conducted an analysis again using the two articles. In the
end, we also found that they are associated. (Figure 3).

3.4. Detection of Heterogeneity. The results of heterogeneity
testing are summarized in Table 4. The fixed-effects model
was applied if P > 0:1 and I2 < 50%; otherwise, we chose a
random-effects model. When no studies were excluded, we
found significant heterogeneity in six studies (heterogeneity
test results were, respectively, equal to 80.2%, 72.3%,

Table 3: The frequency distribution of alleles and genotypes.

Study
Cases Controls Cases Controls

P for HWE
CC CT TT CC CT TT C T C T

Das et al. 155 45 10 120 60 20 355 65 300 100 0.0047

Zhang et al. 43 42 10 62 55 4 128 62 179 63 0.0474

Wu et al. 25 16 7 31 15 2 66 30 77 19 0.9133

Han et al. 131 85 13 115 78 11 347 111 308 100 0.6349

Zhang et al. 39 34 7 105 61 9 112 48 271 79 0.9709

Xiong et al. 47 31 13 66 32 5 125 57 164 42 0.6627

Table 2: Characteristics of the included studies.

Study Year SNP Country Ethnicity Cases Controls Genotype method

Das et al. 2021 rs11615 Bangladesh Asians 210 200 PCR-RFLP

Zhang et al. 2017 rs11615 China Asians 95 121 MALDI-TOF

Wu et al. 2014 rs11615 China Asians 48 48 PCR-RFLP

Han et al. 2012 rs11615 Korea Asians 229 204 PCR-RFLP

Zhang et al. 2012 rs11615 China Asians 80 175 PCR

Xiong et al. 2010 rs11615 China Asians 91 103 PCR-RFLP
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Figure 2: Forest plots of the association between cervical cancer and ERCC1 rs11615. (a) A random-effects model of six studies (TT/CT vs
CC). (b) A fixed-effects model of four studies conformed to HWE (TT vs CT/CC). (c) A fixed-effects model of four studies about Chinese
populations (TT/CT vs CC). (d) A fixed-effects model of three studies about Chinese populations conformed to HWE (TT/CT vs CC).
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Figure 3: Forest plots of the association between cervical cancer and ERCC1 rs11615. (a) A random-effects model of four studies genotyped
by PCR-RFLP (TT/CT vs CC). (b) A fixed-effects model of three studies conformed to HWE and was genotyped by PCR-RFLP (TT/CT vs
CC). (c) A fixed-effects model of two studies about Chinese conformed to HWE and genotyped by PCR-RFLP (TT/CT vs CC).
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44.7%, 70.2%, and 66.1%). In all analyses only about Chinese
populations, we found there was nearly no heterogeneity.

3.5. Sensitivity Analysis and Publication Bias. As mentioned
earlier, sensitivity analysis was carried out by eliminating
individual studies once to research the impact of individual
studies on the whole. It can be seen that Das’s study has a
great influence on several models and Han’s has a little influ-
ence (Figure 4(a)). The results of publication bias are shown
in Table 4 and Figures 4(b) and 4(c). They indicated no pub-
lication bias in all situations.

3.6. Trial Sequential Analysis. As shown in Figure 5, we con-
ducted trial sequential analyses under all gene models. When
all six literatures were included, the Z-curve sometimes
crossed the traditional boundary, but never crossed the
TSA boundary and required information size (RIS), suggest-
ing the possibility of false positive errors. However, when
only four literatures about Chinese were included, the Z
-curve passed the traditional boundary and TSA boundary,
suggesting that the results of the meta-analysis were stable,
even if they did not reach RIS.

4. Discussion

Abnormal mechanisms of cell proliferation, differentiation,
and death can lead to tumors. The specific mechanisms of

their occurrence and development have always been the
focus of research. However, as is known to all, abnormal
gene structure, DNA damage, and abnormal expression
or function of tumor genes and tumor suppressor genes
are important preconditions for malignant transformation
[38]. Therefore, DNA repair acts as a practically protective
response to maintain the stability of the cell genome. Various
DNA repair mechanisms, such as NER, BER, mismatch
repair, and recombination repair mechanisms, control
DNA damage [39]. ERCC1 is a pivotal regulatory factor in
the nucleotide excision repair (NERs) pathway [40], and
genetic variations in this gene can affect DNA repair [41, 42].

SNPs are a common type of heritable variation in
humans, and rs11615 (C>T) is a familiar polymorphism
of the ERCC1 gene. As mentioned above, many meta-
analyses have been reported about rs11615 and cancer. Most
of the results show a significant correlation between multiple
cancers and this mutation locus. For cervical cancer, Ma
et al. [6] included data from case-control studies of Han
et al. [34] and Xiong et al. [22], and the results showed there
was no association, but Ma et al. did not focus on this issue.

This meta-analysis is aimed at making an investigation
into the correlation between ERCC1 rs11615 polymorphism
and the risk of cervical cancer. In the process of literature
searching, we were surprised to find a Genome-Wide
Association Studies (GWAS) about cervical cancer from

Meta-analysis random-effects estimates (exponential from)
Study ommited

Das et al (2021)

Zhang et al (2017)

Wu et al (2014)

Han et al (2012)

Zhang et al (2012)

Xiong et al (2010)

0.69 0.77 1.14 1.68 2.00

(a)

Begg’s funnel plot with pseudo 95% confidence limits
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Figure 4: (a) Sensitivity analysis of six studies (TT/CT vs CC). (b, c) Funnel plots for publication bias. (b) All studies (TT/CT vs CC).
(c) Studies of Chinese (excluded Das’s and Han’s) (TT/CT vs CC).
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the Swedish population, which also reported the relationship
between ERCC1 rs11615 and cervical cancer susceptibility,
but unfortunately, it was difficult to obtain allele and geno-
type data from GWAS of cases and controls [43]. Therefore,
these studies were not included in our meta-analysis. At last,
six eligible articles were retrieved for this study, involving
753 cases and 851 controls. But there turned out to be no
association between them in all five gene models. During
the process, we noticed that the control group data of two
pieces of literature did not conform to HWE. Many possibil-
ities can lead to deviations from HWE, such as genotyping
errors and inbreeding, which may lead to our studies reveal-
ing erroneous conclusions. Therefore, we eliminated these
data for further analysis, and ultimately in the allele model,
homozygous model, and recessive model, we found signifi-
cant correlations. But it is not reflected in the other two
models, which may indicate that people with the TT geno-
type have a higher susceptibility to cervical cancer. In the
subgroup analyses by country and genotype method, we
revealed the more obvious association between them in Chi-
nese populations. This association was significant even when
we removed studies that deviate from HWE.

In addition, after sensitivity analysis, we found that Das’s
and Han’s studies had a greater impact on the overall results,
possibly because their case number was relatively larger
compared to other studies, and they targeted, respectively,
Bangladeshis and Korean people. They may also be the
source of heterogeneity in our analysis. Our analysis after
the exclusion of both Das’s and Han’s studies showed a

stronger association and significantly reduced heterogeneity.
This also reveals that our results are reliable for the Chinese.
Unfortunately, other ethnic groups were not included in our
analysis. As a result, the association of different ethnic
groups is not fully understood at this time. Furthermore,
we found no proof of publication bias in this study. Finally,
our trial sequential analyses also suggested that the results of
the meta-analysis were stable in Chinese populations.

Therefore, based on the results of our meta-analysis and
existing research reports, we believe that ERCC1 rs11615
polymorphism may reduce DNA repair ability by affecting
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Figure 5: (a, b) Trial sequential analyses of TT vs CC model. (a) All six literatures were included. (b) Four literatures about Chinese were
included. (c, d) Trial sequential analyses of TT vs CT/CC model. (c) All six literatures were included. (d) four literatures about Chinese
were included.
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Figure 6: The mechanism between ERCC1 rs11615 polymorphism
and cervical cancer.
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its mRNA stability and protein expression level, leading to
an increased risk of cervical cancer (Figure 6). ERCC1 has
the opportunity to be a target for cervical cancer diagnosis
or drug therapy. Of course, the specific mechanism needs
to be further explored.

Certainly, limitations still exist in this meta-analysis.
First, only six pieces of literature were included, with a
relatively low case number; therefore, the risk assessment
of ERCC1 rs11615 polymorphism was not clear enough. In
addition, most of the data of cases and controls provided
are from Chinese populations, and there is no information
such as age, environmental factors, and sex, which cause it
difficult for us to conduct more subgroup analyses.

5. Conclusion

In brief, this meta-analysis put forward a conclusion that the
ERCC1 rs11615 polymorphism increases cervical cancer
susceptibility, especially in the Chinese populations, while
TT genotype may have a higher risk. To promote in-depth
research on genetic susceptibility to cervical cancer, more
randomized controlled studies and systematic reviews with
large samples, rigorous design, multicenter, and multilink
will be of great importance and far-reaching significance.
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