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Abstract: Background: Numerous studies have evaluated the association between NQO1 609C>T polymorphism 
and gastrointestinal (GI) cancer. However, the results remain inconclusive. To obtain a more precise estimation of 
the relation, we conducted an analysis of all available case-control studies. Methods: Eligible studies were identified 
by searching the databases and finally 19 articles were included in the meta-analysis. Odds ratio (OR) with 95% 
confidence interval (95% CI) was applied to assess the association between NQO1 609C>T polymorphism and GI 
cancer risk. Z test was used to evaluate the significance of OR and 95% CI. Results: In the overall analysis, there 
existed a significant association between NQO1 609C>T polymorphism and GI cancer susceptibility (T vs. C: OR = 
1.07, 95% CI = 1.01-1.14). The subgroup analysis based on ethnicity showed that NQO1 609C>T polymorphism was 
associated with susceptibility to GI cancer in mixed population (TT vs. CC: OR = 2.21, 95% CI = 1.44-3.40; TT vs. CT + 
CC: OR = 2.26, 95% CI = 1.48-3.44; Allele T vs. Allele C: OR = 1.24, 95% CI = 1.05-1.47). For the subgroup analysis 
according to source of control, a remark relationship of 609C>T with increased risk of GI cancer was observed in HB 
population (Allele T vs. Allele C: OR = 1.07, 95% CI = 1.01-1.14). Conclusion: Our results demonstrated that NQO1 
609C>T polymorphism might be associated with susceptibility to GI cancer.
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Introduction 

Gastrointestinal (GI) cancer mainly affects the 
digestive system that involves cancers of 
oesophagus, gallbladder, liver, pancreas, stom-
ach and bowel [1-4]. It has been reported that 
the incidence of GI cancer is increasing, with 
approximately 2 million new cases worldwide 
per year. As we all know, GI cancer arises from 
stomach and small intestine [5-9], but the 
pathogenesis of it is still unclear. Genetic fac-
tors, including the sequence alterations and 
organization aberrations of the cellular genome 
that range from single-nucleotide substitutions 
to gross chromosome, could modulate impor-
tant biological progresses and alter susceptibil-
ity to cancers consequently [10, 11]. Recently, 
many studies have investigated the role of 
NQO1 gene in the pathogenesis of GI cancer.

NQO1 gene is located on chromosome 16q22.1, 
spanning 17.2 kb and consisting of 6 exons and 
5 introns [12], which encodes NAD(P)H dehy-
drogenase 1 [13]. The gene is a member of 
NAD(P)H dehydrogenase family and encodes a 
cytoplasmic 2-electron reductase. The studies 
have suggested that mutations in NQO1 are 
associated with increased risk of tardive dyski-
nesia (TD), hematotoxicity after exposure to 
benzene and cancers [14]. The 609C>T poly-
morphism, with proline-to-serine amino acid 
change, is implicated in pathogenesis of can-
cers [15]. Although the relationship of NQO1 
609C>T polymorphism with GI cancer has been 
extensively investigated, the results were still 
inconclusive.

The reported genetic effects varied across the 
published studies, and a clear impact on can-
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cer risk is also limited by the insufficient statis-
tical power of these individual studies with a 
relatively small sample size. Therefore, we per-
formed a meta-analysis, based on published 
articles, to evaluate the influence of the NQO1 
609C>T polymorphism on the risk of GI 
cancer.

Materials and methods 

Searching strategy

Databases of PubMed, EMBASE, and other 
database were searched to retrieve eligible 
studies. Key words included “gastrointestinal”, 
“NQO1”, “polymorphism”, “cancer”, “esopha-
geal”, “stomach” and “gastric”. Reference lists 
of related studies and reviews were manually 
searched for additional publications.

Inclusion criteria 

We defined inclusion criteria as follows: written 
in English or Chinese; case-control design; suf-
ficient information for estimating ORs and their 
95% CIs; genotype frequencies in the controls 
were in agreement with Hardy-Weinberg equi-
librium (HWE). Meanwhile, if the studies showed 

Statistical analysis

Hardy Weinberg Equilibrium (HWE) was tested 
in control group with chi-square test. The asso-
ciation between NQO1 609C>T polymorphism 
and GI cancer risk was estimated by pooled 
ORs with 95% CIs. Pooled ORs and 95% CI were 
calculated under the five genetic models of TT 
vs. CC, TT + CT vs. CC, TT vs. CT + CC, Allele T 
vs. Allele C and CT vs. CC. Z test was used to 
evaluate the significance of the pooled OR, and 
if P < 0.05, statistically significance was con-
firmed. Q test was used to check the statistical 
heterogeneity between studies. The heteroge-
neity was considered significant when P < 0.10. 
The fixed-effects model (based on Mantel-
Haenszel method) or random-effects model 
(based on DerSimonian-Laird method) was 
used to calculate ORs with 95% CIs in the over-
all analysis. The random-effects model was 
employed when there was significant heteroge-
neity; otherwise, the fixed-effects model was 
applied. Sensitivity analyses were performed to 
identify the effect of individual study on pooled 
results and test the reliability of results. 
Potential publication bias were estimated by 
Begg’s funnel plot and Egger’s linear regres-
sion test, and P < 0.05 was considered signifi-

Figure 1. Flow diagram of the study selection process.

overlapping data, the most 
recent study with larger sam-
ple size was selected.

Quality assessment

The quality of each study was 
assessed by the Newcastle-
Ottawa quality assessment 
scale.

Data extraction

Data were extracted from 
included studies independent-
ly by authors. For each study, 
the following data were col-
lected: last name of the first 
author, year of publication, 
country, ethnicity, study de- 
sign, numbers of subjects, 
source of controls, genotyping 
method, allele and genotype 
frequencies. In case of con-
flicting evaluations, disagree-
ments were resolved through 
discussion by other authors.
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cant. All the analysis was conducted with STATA 
Version 12.0 software. 

Results

Study characteristics

Through literature search, a total of 203 rele-
vant studies were identified (Figure 1). After 
careful review and selection, 19 eligible case-
control studies were included in this meta-anal-
ysis [16-34]. The detailed characteristics of eli-
gible studies were summarized in Table 1. 

Meta-analysis results

In order to explore the association between 
NQO1 609C>T polymorphism and the risk of GI 
cancer, a meta-analysis was conducted. The 
pooled ORs and their 95% CIs were calculated 
under the fixed effects model. In the overall 
analyses, we found that there was a significant 
association between NQO1 609C>T polymor-
phism and GI cancer susceptibility (T vs. C: OR 
= 1.07, 95% CI = 1.01-1.14). In addition, we 
conducted subgroup analysis according to eth-
nicity and source of control.

Subgroup analysis for ethnicity

The meta-analysis included 10 studies in 
Caucasian population, 7 studies in Asian popu-
lation, and 2 studies in mixed population. The 

Table 1. Main characteristics of all studies included in the meta-analysis
First author Year source Country Ethnicity Genotyping method HWE
Marjani 2010 Hospital based control Iran Asian PCR-RFLP 0.47
Martino 2007 Hospital based control United Kingdom Caucasian PCR-RFLP 0.99
Rahden 2004 Hospital based control German Caucasian PCR-RFLP 0.17
Sarbia 2003 Hospital based control German Caucasian PCR-RFLP 0.60
Zhang 2003 Hospital based control German Mixed PCR-RFLP 0.19
Zhang 2003 Hospital based control China Asian PCR-RFLP 0.39
Hamajima 2002 Hospital based control Japan Asian PCR-RFLP 0.08
Malik 2010 Hospital based control India Asian PCR-RFLP 0.31
Sachse 2002 Population-based control United Kingdom Caucasian PCR-RFLP 0.98
Hlavata 2010 Hospital based control Czech Caucasian PCR-RFLP 0.85
Sameer 2010 Hospital based control India Asian PCR-RFLP 0.45
Nisa 2010 Hospital based control Japan Asian PCR-RFLP 0.07
Begleiter 2006 Hospital based control Canada Mixed PCR-RFLP 0.29
van der Logt 2006 Population-based control New Zealand Caucasian PCR-RFLP 0.95
Harth 2000 Population-based control German Caucasian PCR-RFLP 0.79
Mitrou 2002 Hospital based control United Kingdom Caucasian PCR-RFLP 0.58
Mohelnikova-Duchonova 2010 Hospital based control Czech Caucasian TaqMan assay 0.93
Bartsch 1998 Hospital based control German Caucasian PCR-RFLP 0.27
Akkiz 2010 Hospital based control Turkey Asian PCR-RFLP 0.81

pooled ORs with their 95% CIs are shown in 
Table 2. In the analysis, a remark relationship 
of NQO1 609C>T polymorphism and risk of GI 
cancer was observed in mixed population (TT 
vs. CC: OR = 2.21, 95% CI = 1.44-3.40; TT vs. 
CT + CC: OR = 2.26, 95% CI = 1.48-3.44; Allele 
T vs. Allele C: OR = 1.24, 95% CI = 1.05-1.47).

Subgroup analysis for source of control

The meta-analysis included 16 hospital-based 
(PB) studies and 3 population-based (HB) stud-
ies. The details about the ORs with 95% CIs 
were shown in Table 3. The results showed that 
NQO1 609C>T was associated with increased 
risk of GI cancer (Allele T vs. Allele C: OR = 1.07, 
95% CI = 1.01-1.14) in HB population not in PB 
population.

Sensitivity analysis

Sensitivity analysis was conducted in order to 
evaluate the influence of each single publica-
tion on the overall results. After excluding each 
study one by one at a time and comparing the 
results before and after, we did not find any 
remarkable changes, which suggested that our 
meta-analysis results were stable. 

Publication bias

Begg’s funnel plot and Egger’s test were per-
formed to assess the publication bias. The 
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Table 3. Pooled ORs with 95% CIs in the subgroup analysis 
by source of control

Genetic model OR (95% CI) P (P value of 
heterogeneity)

Overall
TT vs. CC 1.15 (0.99-1.33) 0.202

TT + CT vs. CC 1.07 (1.00-1.14) 0.728
TT vs. CT + CC 1.13 (0.98-1.30) 0.129

Allele T vs. Allele C 1.07 (1.01-1.14) 0.147
CT vs. CC 1.06 (0.99-1.14) 0.798

Source of control
HB TT vs. CC 1.17 (1.00-1.37) 0.109

TT + CT vs. CC 1.06 (0.98-1.14) 0.712
TT vs. CT + CC 1.16 (0.99-1.35) 0.066

Allele T vs. Allele C 1.07 (1.01-1.14) 0.118
CT vs. CC 1.05 (0.97-1.13) 0.814

PB TT vs. CC 0.99 (0.65-1.49) 0.903
TT + CT vs. CC 1.10 (0.95-1.29) 0.331
TT vs. CT + CC 0.94 (0.62-1.42) 0.974

Allele T vs. Allele C 1.09 (0.95-1.25) 0.247
CT vs. CC 1.12 (0.95-1.32) 0.327

HB: hospital-based; PB: population-based.

shape of the funnel plot revealed no 
obvious asymmetry. Moreover, the 
Egger’s test showed no obvious pub-
lication bias (P = 0.352).

Discussion

GI cancer is a rare, slow-growing can-
cer that affects certain cells in the 
lining of the stomach and intestines 
[35]. It has been demonstrated that 
hormones secreted by the cells could 
regulate the production of digestive 
juices and muscles that move food 
through the stomach and intestines. 
Moreover, GI cancer is associated 
with increased risk of other cancers 
of digestive system, which seriously 
affects population lives. To obtain 
more information on the pathogene-
sis of GI cancer, many studies have 
investigated the association of genes 
with the risk of GI cancer.

NQO1 is an important enzyme which 
can catalyze the two-electron reduc-
tion of quinoid compounds into 
hydroquinones [36]. NAD (P) H, 
decoded by NQO1, also plays a prom-
inent role in maintaining cellular 
homeostasis [37, 38]. Additionally, 
NQO1 is essential for the antioxidant 
defense system, stabilization of 
tumor suppressors and activation of 
quinone based chemotherapeutics. 
Overexpression of NQO1 in solid 
tumors coupling with its ability to 
convert quinone-based chemo-thera-
peutics into potent cytotoxic com-
pounds has made it a very attractive 
target [39, 40]. Single-nucleotide 
polymorphisms (SNPs) in genes cod-
ing metabolizing enzymes could 
modulate genetic functions and cel-
lular toxicity in response to chemi-
cals. NQO1 is an important detoxifi-
cation enzyme involved in the 
catabolism of 1,4-benzoquinone 
(1,4-BQ), a benzene metabolite 
believed to be associated with bone-
marrow toxicity and leukemia [41]. In 
recent years, the relationship of 
NQO1 609C>T polymorphism with GI 
cancer also has been reported. Since 

Table 2. Pooled ORs with 95% CIs in the subgroup analysis 
by ethnicity

Genetic model OR (95% CI) P (P value of 
heterogeneity)

Overall
TT vs. CC 1.15 (0.99-1.33) 0.202

TT + CT vs. CC 1.07 (1.00-1.14) 0.728
TT vs. CT + CC 1.13 (0.98-1.30) 0.129

Allele T vs. Allele C 1.07 (1.01-1.14) 0.147
CT vs. CC 1.06 (0.99-1.44) 0.798

Ethnicity 
Caucasians TT vs. CC 1.05 (0.81-1.37) 0.790

TT + CT vs. CC 1.09 (1.00-1.20) 0.453
TT vs. CT + CC 1.02 (0.78-1.32) 0.878

Allele T vs. Allele C 1.09 (1.00-1.18) 0.218
CT vs. CC 1.10 (1.00-1.21) 0.510

Asians TT vs. CC 1.02 (0.84-1.25) 0.363
TT + CT vs. CC 1.02 (0.92-1.14) 0.742
TT vs. CT + CC 1.02 (0.84-1.23) 0.217

Allele T vs. Allele C 1.02 (0.93-1.12) 0.316
CT vs. CC 1.02 (0.91-1.15) 0.798

Mixed TT vs. CC 2.21 (1.44-3.40) 0.840
TT + CT vs. CC 1.11 (0.91-1.35) 0.412
TT vs. CT + CC 2.26 (1.48-3.44) 0.800 

Allele T vs. Allele C 1.24 (1.05-1.47) 0.266
CT vs. CC 1.01 (0.81-1.25) 0.517
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the effects of district, country and ethnicity, no 
conclusive results were obtained.

In the overall analyses, we detected a signifi-
cant association between NQO1 609C>T poly-
morphism and GI cancer susceptibility. Indeed, 
in the subgroup analysis by ethnicity, signifi-
cantly relationship was also found between 
NQO1 609C>T and GI cancer in the mixed 
group. In the subgroup analysis by source of 
control, significantly increased risk of GI cancer 
was observed in the HB group but not in the PB 
group. Further investigations with large sample 
sizes are needed to clarify the possible effects 
of NQO1 609C>T on GI cancer.

Heterogeneity is a potential problem when 
interpreting the results of all meta-analyses. 
Throughout the overall and subgroup analyses, 
the heterogeneity was not detected in the 
meta-analyses. Moreover, the sensitivity analy-
sis and Egger’test suggested that our results 
were stable and reliable. However, several limi-
tations should be addressed. First, most of the 
studies were involved in Caucasians and 
Asians, and only two studies were mixed eth-
nicities. Second, only published studies were 
included in the meta-analysis, therefore, publi-
cation bias might have occurred, even though 
the statistical test showed no bias. Third, the 
sample sizes of included studies were relatively 
small and the matching criteria for the cases 
and controls were also not strict. In conclusion, 
this meta-analysis suggested that NQO1 
609C>T polymorphism may be associated with 
increased risk of GI cancer. Future larger and 
well-designed studies in different ethnic popu-
lations and different sites of GI cancer are 
needed to validate our findings.
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