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Polymorphism Association with Digestive Tract Cancer: A
Meta-analysis
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Abstract

NAD(P)H: quinone oxidoreductase 1 (NQO1) C609T gene polymorphisms have been reported to influence the
risk for digestive tract cancer (DTC) in many studies; however, the results remain controversial and ambiguous.
We therefore carried out a meta-analysis of published case-control studies to derive a more precise estimation
of any associations. Electronic searches were conducted on links between this variant and DTC in several
databases through April 2012. Crude odds ratios (ORs) with 95% confidence intervals (CIs) were calculated to
estimate the strength of associations in fixed or random effect models. Heterogeneity and publication bias were
also assessed. A total of 21 case-control studies were identified, including 6,198 cases and 7,583 controls. Overall,
there was a statistically significant association between the NQO1 C609T polymorphism and DTC risk (TT vs.
CC: OR=1.224,95%CI=1.055-1.421; TT/CT vs. CC: OR=1.195,95% CI=1.073-1.330; TT vs. CT/CC: OR=1.183,
95% CI1=1.029-1.359; T vs. C: OR=1.180, 95% CI=1.080-1.290). When stratified for tumor location, the results
based on all studies showed the variant allele 609T might have a significantly increased risk of upper digest tract
cancer (UGIC), but not colorectal cancer. In the subgroup analysis by ethnicity, we observed a significantly risk
for DTC in Caucasians. For esophageal and gastric cancer, a significantly risk was found in both populations,
and for colorectal, a weak risk was observed in Caucasians, but not Asians. This meta-analysis suggested that
the NQO1 C609T polymorphism may increase the risk of DTC, especially in the upper gastric tract.
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Introduction esophageal carcinoma (Racette et al., 2011). In recent
years, genetic factors are increasingly recognized as major
contributors to DTC, also including single nucleotide
polymorphisms (SNPs) (Chen et al., 2010).

NAD(P)H: Quinone Oxidoreductase 1 (NQOI1),
known as diphtheria toxin diaphorase (DT-diaaphorase),
is a cytosolic flavoenzyme and its gene is located
on chromosome 16q22. Many single nucleotide
polymorphisms in this gene are thought to influence
expression of the encoding proteins and/or activity of
encoding proteins thereby predisposing to disease (Nebert
etal.,2002). A common single nucleotide polymorphism

Digestive tract cancers are the most common malignant
tumors worldwide, with three million new cases each year
(Parkin et al., 2005; Kanavos, 2006), of which Esophageal
carcinoma is the sixth leading cause of cancer death in
the world (Enzinger et al., 2003), Gastric cancer is the
fourth commonest cancer and the second commonest
cause of cancer death, globally (Ferlay et al., 2008),
colorectal cancer is also the third most common cancer
in males and the second in females (Jemal et al., 2011).
Despite advances in surgery and chemotherapy, it still has

a higher mortality rates. The mechanism of DTC is still
unclear. The carcinogenesis of DTC is a complex, multi-
factorial, and multistep event, in which many factors are
implicated, such as genetic factors, cigarette smoking,
heavy alcohol drinking, and poor dietary pattern (Compare
etal.,2010). Except for these shared risk factors, different
primary sites of DTC cancers have different risk factors
and thus different etiologies. For example, Helicobacter
pylori infection is involved in gastric cancer (Asombang
et al., 2012), Barrett’s esophagus is a key risk factor for

at position 609 of the NQO1 promoter region has been
described in years. (dsSNP ID: rs1800566) (Traver et
al., 1997). NQOI has been described as an anticancer
enzyme and detoxicant, but the variant allele will reduce
enzymatic activity according to in vitro studies (Siegel et
al., 1999). So many epidemiological studies have been
done to evaluate the association between NQO1 C609T
polymorphism and cancers. The relationships between
NQOI1 C609T polymorphism and lung, bladder and
colorectal cancers have been comprehensively studied by
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Table 1. Characteristics of the Studies Included in the Meta-analysis

Author Year  Population Source of control Sample size Type of cancer ~Genotyping method P value for
Cases controls HWE

Sarbia M(1) 2003 Germany  population 61 252 Esophageal cancer =~ PCR-RFLP 0.87308
Zhang(1) 2003 China hospital 193 141  Esophageal cancer =~ PCR-RFLP 0.95644
Zhang(2) 2003 Germany  hospital 257 252 Esophageal cancer =~ PCR-RFLP 0.87308
Von Rahden BH 2004 Germany  hospital 140 260  Esophageal cancer =~ PCR-RFLP 0.38345
Marjani HA 2010 Iran hospital 93 50  Esophageal cancer =~ PCR-RFLP 0.76727
Hamajima N(1) 2002 Japan hospital 102 399  Esophageal cancer =~ PCR-CTPP 0.52442
Zhang 2003 China hospital 193 141  Esophageal cancer =~ PCR-RFLP 0.95644
Sarbia M(2) 2003 Germany  population 120 252 Gastric cancer PCR-RFLP 0.87308
Sarbia M(3) 2003 Germany  population 203 252 Gastric cancer PCR-RFLP 0.52442
Hamajima N(2) 2002 Japan hospital 143 399  Gastric cancer PCR-CTPP 0.592629
Malik MA 2011 Kashmir population 108 195  Gastric cancer PCR-RFLP 0.69113
Li 2004 China hospital 124 165  Gastric cancer PCR-RFLP 0.86125
Mitrou PN 2007 UK population 894 946  Colorectal cancer PCR-RFLP 0.18828
Nisa H 2010 Japan population 685 778  Colorectal cancer PCR-RFLP 0.56676
Tijhuis MJ 2008 Netherland population 740 698  Colorectal cancer PCR-RFLP 0.96596
Harth V 2000 Germany  population 323 205  Colorectal cancer PCR-RFLP 0.52442
Hamajima N(3) 2002 Japan hospital 146 399  Colorectal cancer PCR-RFLP 0.98214
Hlavata [ 2010 Czech population 495 495  Colorectal cancer TagMan 0.96603
Northwood EL 2010 UK population 317 296  Colorectal cancer TagMan 0.96603
Van der Logt EM 2006 Netherland population 371 415  Colorectal cancer PCR-RFLP 0.9978
Sachse C 2002 UK population 490 593  Colorectal cancer PCR-RFLP 0.84023

F, fixed-effect model; R, random-effect model; DTC, digestive tract cancer

meta-analyses (Chao et al., 2000).

To date, a considerable number of studies have been
conducted to investigate the association between NQO1
gene polymorphism and DTC susceptibility in humans.
However, the results remain controversial and ambiguous.
So, we performed this meta-analysis to get a more precise
estimation of the association.

Materials and Methods

Publication search

Articles were identified by an electronic search
on Medline, Embase, China National Knowledge
Infrastructure (CNKI) and the Cochrane Library using
the following keywords: “quinone oxidoreductace” OR
“NQO1” OR “DT-diaphorase” OR “DTD” OR “quinone
reductase” OR “ NAD(P)H dehydrogenase(quinone)”
AND “esophageal” OR “gastric” OR “colorectal” and
“CRC”(last search: April 2012). Eligible studies were
retrieved and examined carefully. Review articles were
hand-searched to find additional eligible studies. The
studies included must meet the following criteria: (1)
evaluation of the NQO1 C609T polymorphism and
DTC cancer risk; (2) case-control study; (3) at least two
comparison groups (DTC group vs. control group).

Data extraction

Two authors (CLZ and FX) independently extracted
data and entered them in a customized database. Reviews,
nonoriginal articles, and studies on DTC cell lines and
animal models were excluded from our meta-analysis.
Discrepancies about inclusion of studies and interpretation
of data were resolved by discussion, consensus, and
arbitration by (CHL or QH). The following data were
collected from each study: first author’ name, year
of publication, ethnicity, country of origin, sources
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of controls, genotyping method, Hardy-Weinberg
equilibrium(HWE), and number of different genotypes
in cases and controls.

Statistical methods

Statistical analyses were performed by STATA 10.0
(STATA Corp., College Station, TX). Crude ORs with
95%Cls were used to assess the strength of association
between the NQO1 C609T polymorphism and DTC
cancer risk. We evaluated the risk of the codominant
model (TT VS. CC), the dominant model (TT/CT vs. CC),
the recessive model (TT vs. TA/AA) and allele model
(T vs. C), respectively. Heterogeneity assumption was
checked by the chi-square based Q test and was regarded
to indicate significance for P<0.05 (Cochran, 1954). The
fixed model would be used if the test of heterogeneity was
not significant; otherwise the random-effect model would
be used (Mantel et al., 1959; DerSimonian et al., 1986).
Heterogeneity among studies was assessed by 12 statistic
interpreted as the proportion of total variation contributed
by variation between studies. Sensitivity analysis was
carried out by including and excluding studies not in
HWE (Thakkinstian et al., 2005). An estimate of potential
publication bias was evaluated by the funnel plot, in which
the standard error of log (OR) of each study was plotted
against its log (OR). An asymmetric plot suggested a
possible publication bias. Funnel plot asymmetry was
assessed by the method of Egger’s linear regression test,
if P<0.05, the publication bias was statistically significant.
Subgroup analyses were performed by the location of
tumor, ethnicities and sources of controls.

Results

Characteristics of included studies
Totally, 34 papers were identified after an initial
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Table 2. Meta-analysis of the association between the NQO1 (609C/T) polymorphism and the risk of DTC

Type of cancer Number of Comparison Test of association Test of heterogeneity Publication bias
studies OR 95% CI P value Model Q P value I’ P value P value
(Egger’s) (Begg's)
DTC 21 TTvs.CC 1224 1.055-1421 0008 F 2859 009 30.10%  0.075 0.176
TT/CTvs.CC 1195 1.073-1330 0001 R 3923 0006 49.00%  0.156 0212
TTvs.CC/CT 1.183 1.029-1359 0018 F 2735 0.126 2690%  0.11 0.072
Tvs.C 1.18 1.080-1.290 0 R 4172 0003 52.10%  0.18 0.289
Esophageal cancer 7 TT vs. CC 1.69 1.240-2.304 0.001 F 9.96 0.126  39.80% 0.764 0.81
TT/CTvs.CC 1299 1.085-1555 0.004 F 1255 0051 5220% 0368 0.953
TTvs.CC/CT 1532 1.159-2025 0003 F 1042 0.108 4240%  0.764 0.773
Tvs.C 1289 1.051-1.581 0015 R 13.17 0.041 5420% 0368 0.964
Gastric cancer 5 TTvs.CC 1599 1.131-2261 0.008 F 427 0371 630%  0.142 0227
TT/CTvs.CC 1361 1.118-1.658 0.002 F 916 0057 56.30% 1 0.775
TTvs.CC/CT 1474 1.075-2020 0016 F 456 0335 1230% 0327 0279
Tvs.C 1331 1.145-1.546 0 F 702  0.135 43.00%  0.114 0.071
Colorectal cancer 9 TT vs.CC 0.99 0.814-1205 0924 F 4.1 0.848 0.00% 0404 0.309
TT/CTvs.CC 1104 1.014-1202 0023 F 1198  0.152 3320%  0.677 0.826
TT vs.CC/CT 0976 0.809-1.177 0.796 F 389  0.876 000% 0532 0518
Tvs.C 1.068  0.995-1.147 0.07 F 1102 0201 2740% 0835 0.852

F, fixed-effect model; R, random-effect model; DTC, digestive tract cancer

A Study %
D OR (95% CI) Weight
Sarbia M(1) (2003) — L« 30800541758 o035
Zhang(1) (2003) —— 205(1.09,385) 437
Zhang(2) (2003) | —————— 455(151,1370) 120
Von Rahden BH (2004) —_— 142(052,386) 199
Marjani HA (2010) B — s 075(0.20,284) 156
Hamajima N(1) (2002) —_— 0.82(0.41,1.64)  5.80
Zhang (2003) — 205(1.09,385) 437
Sarbia M(2) (2003) q———=——————  3.45(0.90,1324) 0566
Sarbia M(3) (2003) _— 174(0.46,660) 104
Hamajima N(2) (2002) —_— 117 (0.66,2.06)  6.95
Malik MA (2011) —_—— 264(1.23,564) 250
Li (2004) 140(072,272) 468
Mitrou PN (2007) _— 1.01(0.56,1.81)  7.07
Nisa H (2010) — 0.94(068,1.31) 2333
Tijhuis MJ (2008) —_— 113(0.63,202) 6389
Harth V (2000) —_— 0.97(0.39,243) 294
Hamajima N(3) (2002) —+ 0.65(0.35,1.20)  8.66
Hlavata 1 (2010) 1.15(0.54,245) 4.02
Northwood E (2010) + 173(0.75,4.00) 276
Logt EM (2006) 118(0.49,283) 295
Sachse C (2002) —_— 0.97(051,1.86) 592
Overall (-squared = 30.1%, p = 0.096) <> 122(1.05,1.42)  100.00

T T T
0569 1 176
Study %

B D OR (95% CI) Weight
Sarbia M(1) (2003) ————=——> 285(1.61,507) 264
Zhang(1) (2003) —_——— 1.44(0.90,231) 3.49
Zhang(2) (2003) — 112(0.76,1.65) 4.48
Von Rahden BH (2004) —_—— 1.33(0.86,2.06) 3.86
Marjani HA (2010) _ 0.65(0.32,129) 1.97
Hamajima N(1) (2002) —_— 110(0.70,1.73) 372
Zhang (2003) _—— 1.44(0.90,231) 3.49
Sarbia M(2) (2003) ;| —— 218(1.38,345) 367
Sarbia M(3) (2003) _——— 1.39(0.93,200) 426
Hamajima N(2) (2002) —_—— 124(0.83,1.86) 431
Malik MA (2011) T——— 1.51(0.94,242) 350
Li (2004) —_— 0.79(0.48,1.30) 3.30
Mitrou PN (2007) e 113(093,138) 793
Nisa H (2010) — 0.93(0.76,1.16) 7.58
Tijhuis MJ (2008) —— 132(1.06,1.65) 7.40
Harth V (2000) —— 105(0.73,152) 476
Hamajima N(3) (2002) —o—}—-— 0.88(0.60,1.29) 452
Hlavata 1 (2010) — 099(0.78,124) 7.22
Northwood E (2010) _— 1.03(0.73,1.44) 522
Logt EM (2006) —— 152(1.13,204) 592
Sachse C (2002) —— 1.12(0.87,145) 677
Overall (-squared = 49.0%, p = 0.006) <> 1.19(1.07,1.33)  100.00
NOTE: Weights are from random effects analysis

T T
197 1 507

Figure 1. A. Overall Meta-analysis for NQO1 C609T
Polymorphism (TT vs. CC) and Digestive Tract Cancer
Risk; B. Overall Meta-analysis for NQO1 C609T
Polymorphism (TT/CT vs. CC) and Digestive Tract
Cancer Risk

search. Based on the exclusion and inclusion criteria in
original manuscript, after reading the titles or abstract,
18 studies didn’t meet the criteria (6 were not about the
gene polymorphisms and DTC risk, 3 were not case-
control study, 3 didn’t get sufficient information, 1 was
a meta-analysis, 1 was not consistent with HWE, and 4
were repeatable studies). So, 16 studies were retrieved for
detailed assessment. Of the 16 papers, two of these studies
discussed different DTC (Hamajima et al., 2002; Sarbla
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et al., 2003) and one discussed different subpopulations
(Zhang et al., 2003), which we treated independently.
Thus, a total of 21 case-control studies (Among these
studies, esophageal cancer (n=7) (Hamajima et al.,
2002; Sarbla et al., 2003; Zhang et al., 2003; Zhang et
al., 2003; vov Rahden et al., 2005; Marjani et al., 2010),
gastric cancer (n=5) (Hamajima et al., 2002; Hamajima
et al., 2002; Sarbla et al., 2003; Li et al., 2004; Malik et
al., 2011), CRC (n=9) (Harth et al., 2000; Harth et al.,
2000; Sachse et al., 2002; Hamajima et al., 2002; van der
Logt et al., 2006; Mitrou et al., 2007; Tijhuis et al., 2008;
Nisa et al., 2010; Hlavata et al., 2010; Northwood et al.,
2010) including 6,198 DTC patients and 7,583 controls
were included in our meta-analysis. Twelve studies
were conducted in Caucasian, and nine in Asian. The
characteristics of the studies were showed in Table 1.

Main results of meta-analysis

NQO1 C609T gene polymorphism and DTC: Overall,
a total of 21 case-control studies including 6,198 DTC
cases and 7,583 healthy controls were in the meta-analysis.
Assignificant heterogeneity was observed in TT/CT vs. CC
and T vs. C contrasts (Table 2), and we conducted analyses
using the random-effect model .The combined result based
on all studies showed that there was statistically significant
link between NQO1 C609T polymorphism and DTC risk
(TT vs. CC: OR=1.224,95%CI=1.055-1.421; TT/CT vs.
CC: OR=1.195, 95%CI=1.073-1.330; TT vs. CT/CC:
OR=1.183, 95%CI=1.029-1.359; T vs. C: OR=1.180,
95%CI=1.080-1.290) (Table 2, Figure 1,2). In the analysis
of ethnic groups, the results showed that T allele carriers
had a significantly increased risk of DTC in Caucasians
(TT vs. CC: OR=1.318, 95%CI=1.039-1.672), but not
Asians (TT vs. CC: OR=1.241, 95%CI1=0.913-1.688)
(Table 3).

NQO1 C609T gene polymorphism and esophageal
cancer: In all, seven studies containing 1,039 esophageal
cancer patients and 1,495 healthy controls assessed the
association of NQO1 C609T gene polymorphism and
esophageal cancer risk. A significant heterogeneity was
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Table 3. Meta-analysis of the Association Between the NQO1 (609C/T) Polymorphism and DTC in Subgroup

Subgroup analyses(n) TT vs.CC TT/CT vs. CC TT vs. CC/CT Tvs.C
OR(95%CI) P, I OR(95%CI P, 8 OR(95%CI) P, I OR(95%CI) P, D
DTC
Caucasian(n=12) 1.318(1.039-1.672) 0455 0.00% 1.269(1.109-1452) 0.014 53.80% 1.248(0.986-1.580) 0.487 0.00% 1.232(1.105-1.374) 0.041 45.80%
Asian(n=9) 12410.913-1.688) 0027 53.80% 1046(0.919-1.191) 0.175 30.50% 1201(0913-1.581) 0.033 5220% 1.1050.954-1279) 0023 55.00%
Esophageal cancer
Caucasian(n=3) 2.648(1.375-5.101) 0295 18.10% 1.557(0.938-2584) 0027 72.30% 2473(1.301-4.698) 0236 30.70% 1459(1.169-1.822) 0.13 51.00%
Asian(n=4) 1.480(1.039-2.107)  0.122 4820% 1.191(0.927-1.529) 023 3030% 1.367(1.001-1.866) 0.122 48.30% 1.190(1.004-1.411) 0.086 55.70%
Gastric cancer
Caucasian(n=2) 2.401(0931-6.195) 0477  0.00% 1.692(1.250-2.290) 0.147 52.40% 2.051(0.800-5.259) 0.582 0.00% 1.582(1.216-2.059) 0.166 47.90%
Asian(n=3) 1.503(1.035-2.182) 0234 31.10% 1.164(0.898-1.508) 0.165 44.60% 1412(1.009-1.975) 0.156 46.10% 1226(1.021-1471) 0274 22.80%
Colorectal cancer
Caucasian(n=7) 1.117(0.854-1.459) 0963  0.00% 1.158(1.053-1275) 0295 17.70% 1065(0.817-1389) 094  000% 1.130(1.038-1230) 0.588 0.00%
Asian(n=2) 0.862(0.646-1.151) 0296  8.30% 0.921(0.764-1.109) 0.772 0.00% 0.894(0.684-1.167) 0.241 27.30% 0.933(0.818-1.065) 0.404 0.00%
P,, P-value of Q test for heterogeneity test; DTC, digestive tract cancer
Study % . . . . .
A % OoR@s%CH  Weignt 4,825 controls investigated the possible relationship
v Lol - ey of NQO1 C609T gene polymorphism with colorectal
) w00ty B imomsy iae cancer. No significant heterogeneity was observed, and
arjani —_— X .
Hamalma NCT 2002 =1 oriloan 1an o4 we conducted analyses using the fixed-effect model. A
Zhang (2003 |————— 1.79(1.03,3.11 544 . . . . .
Sarmia g2 2003) I neriac ose significant association was observed only in the TT/CT
Sarbia M(3) (2003) —_— 1.59 (0.42, 6.00) 0.95 .
Hamajima N(2) (2002) —_— 102061,170) 801 vs. CC genotype. The comparisons of other genotypes
Malik MA (2011) .'_._ 2.40(1.16,4.98) 246 . . . . .
e S ot e did not detect any statistical associations (Table 2). In the
e ooy — SoeEn B subgroup analysis by ethnicity, a weak risk was found for
Harth V (2000 —_—— 0.95 (0.38, 2.37] 260 : :
Homaa it (2002) =T 050030 110 508 Caucasians, but not Asians (Table 3).
Hlavata | (2010) 1.16 (0.55, 2.46) 348
Northwood E (2010) —_— 175(0.76,4.02) 240
Logt EM (2006) T 102(0.43,244) 278 . . . L. .
Sachse C (2002 0.93(049,178) 531 Publication bias and sensitivity analysis
Overall (I-squared = 26.9%, p = 0.126) Q 1.18 (1.03, 1.36) 100.00 R R
: Begg’s funnel plot and Egger’s test were performed
o ! 1‘ to assess the publication bias of literatures. The shape of
Stua; %
B 7 oreswon  wean the funnel plot did not reveal obvious asymmetry and the
Servia (D 2002 L T masa 20 Egger’s test suggested the absence of publication bias
Vo amon 11 2004 e 120000 100 361 (P=0.176 for TT vs. CC; P=0.212 for TT/CT vs. CC;
Marjani HA (2010) —————r— 076 (0.45,129) 218
Hamalima N(b (2002 — 0970.71,132) 441 P=0.072 for TT vs. CC/CT; P=0.289 for T vs. C) (Table
Zhang (2003) —r—— 1.42(1.04,193) 451
Sarbia M(2) (2003) —_— 194(132,286) 344 2)
Sarbia M(3) (2003) 1.34(0.94,191) 381 N
Hamajima N(2) (2002) 1.12(0.85,1.47) 511
Malik MA (2011) —— 158(1.10,228) 3.76
L|>(2004) T 1.14(0.82,158) 4.17 D. °
el e e iscussion
Tijhuis MJ (2008) [— 124(1.02,1.49) 683
Harth V (2000) —_— 1.03(0.75,1.41) 4.44 . . . . .
S e s - shsmstdin Sue NQOI1 is an antioxidant enzyme, important in the
e oo 1 e bt detoxification of environmental carcinogens. A single
Sachse C (2002) 1.08(0.87,1.34) 6.28 . . ., .
Overall (-squared = 52.1%, p = 0.003) <> 1.18(1.08,1.29)  100.00 nucleotide pOlymorphlsm(C—)T) at pOSlthn 609 of the
HETE e s b gt anaine | NQO1 cDNA has been associated with susceptibility to

Figure 2. A. Overall Meta-analysis for NQO1 C609T
Polymorphism (TT vs. CC/CT) and Digestive Tract
Cancer Risk; B. Overall Meta-analysis for NQO1
C609T Polymorphism (T vs. C) and Digestive Tract

Cancer Risk

observed only in the T vs. C contrast (P=0.041), and we
conducted analyses using the random-effect model. There
was statistically significant link between NQO1 C609T
polymorphism and esophageal cancer risk (Table 2). In
the analysis of ethnic groups, significant associations
were observed in both groups. The detail information was
shown in Table 3.

NQO1 C609T gene polymorphism and gastric cancer:
Totally, five studies including 698 cases and 1,263 controls
examined the effect of NQO1 C609T gene polymorphism
on gastric cancer. No significant heterogeneity was
observed in all contrasts of genotypes. Similarly, contrasts
of genotypes also detected a significant association (Table
2).In the analysis of ethnic groups, significant associations
were also observed in both groups (Table 3).

NQO1 C609T gene polymorphism and colorectal

cancer: Nine studies which contained 4,461 cases and

tumors induced by chemical carcinogens. In this study,
we performed a systematic review of association between
the NQO1 C609T and risk for DTC based on 21 case-
control studies for which information was available. Our
meta-analysis provided evidence that TT/CT genotypes
of NQO1 C609T were associated with a significantly
increased risk for DTC. Many investigators also have
reported similar observation in other cancers. A meta-
analysis showed that the variant 609TT/CT genotypes
were associated with an increased risk for lung, bladder
and colorectal cancer, which was similar with our current
finding (Chao et al., 2006).

However, in our meta-analysis, we found that
the significant association between NQO1 C609T
polymorphism and DTC risk might be mainly attributed
to UGIC, but not colorectal cancer, especially in Asians.
In previous meta-analysis study, Wang et al. (2012) and
his colleagues’ meta-analysis study also showed that the
NQOI1 gene 609 C> T polymorphism might contribute
to esophageal cancer occurrence, especially in Eastern
Asians, but in our study, no significantly different was
observed in Caucasians or Asians. For colorectal cancer,
no significant associations were found between NQO1
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C609T polymorphism and colorectal cancer risk, but in
the subgroup analysis by ethnicity; significant associations
were observed for colorectal cancer in Caucasians, which
was similar with previous meta-analysis study (Zhou et
al., 2011; Chen et al., 2012). The reason may be that the
different cancer sites had a dissimilar prevalence with a
difference in clinical feature, prognosis and possibly in
genetic and environmental epidemiology (Benedix et al.,
2010); and the other reason may be the limited number
of studies.

Another major finding of this study was that the
association of NQO1 C609T polymorphism and DTC
susceptibility may be not according to ethnicity, but
there was a higher significance among Caucasians
(Table 3), which was not similar with previous study.
That showed a wide variation of the allele frequency had
been observed across ethnic groups, the homozygous
variant genotype was as rare as 2% in white population
but as frequent as 20% in Asian populations (Kelsey et
al., 1997). The reasons may be that the limited number
of studies also made the results from subgroup analysis
by ethnicity less reliable; in addition, the differences in
genetic backgrounds and the environment they lived in
may influence the association between the NQO1 C609T
polymorphism and risk for DTC. Therefore, our results
should be interpreted with caution.

It is worth mentioning that testing for deviations from
HWE in controls is an important requirement in population
genetic studies. HWE is based on five basic assumptions:
1) the population is large (i.e., there is no genetic drift); 2)
there is no gene flow between populations, from migration
or transfer of gametes; 3) mutations are negligible; 4)
individuals are mating randomly; and 5) natural selection
is not operating on the population. Deviation from HWE
may point to genotyping error, racial heterogeneity, or
selection bias (Trikalinos et al., 2006).

Similar to other systematic reviews and meta-
analyses, some limitations of this meta-analysis should
be acknowledged. First, lacking of the original data (the
small sample size in some subgroup analyses) limited our
further evaluation of potential interaction. Second, some
controls were selected from hospital population; such
people might have benign digestive tract diseases and
correspond to a potentially incremental risk of DTC. Third,
our meta-analysis was based on unadjusted estimates,
while a more precise analysis could be conducted if the
individual study data and records were available. Fourth,
many environmental and genes factors may affect the risk
of DTC; our finding may be due to the context of the gene
with other factors.

In conclusion, these suggested that NQO1 C609T
polymorphism may be associated with the risk of DTC
in Caucasians and Asians, and this genetic variant may
increase the risk of UGIC, but not colorectal cancers in
Asians. More well-designed and unbiased prospective
studies with larger sample size should be evaluated the
associations.
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