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Summary

Background: Number of studies has been performed to investigate the association of NAD(P)H
quinine oxidoreductase 1 (NQOT) rs1800566 polymorphism with risk of bladder and prostate
cancers, but presented inconsistent results. Therefore, we performed a meta-analysis to pro-
vide a comprehensive data on the association of NQOT rs1800566 polymorphism with bladder
and prostate cancers. Methods: All eligible studies were identified in PubMed, Google Scho-
lar, EMBASE, and China National Knowledge Infrastructure databases before June 01, 2019.
Results: A total of 22 case-control studies including 15 studies with 4,413 cases and 4,275 con-
trols on bladder cancer and 7 studies with 762 cases and 1,813 controls on prostate cancer
were selected. Overall, pooled data showed that the NQOT rs1800566 polymorphism was
significantly associated with an increased risk of bladder cancer (T vs. C: OR 1.300; 95% Cl
1.112-1.518; P = 0.001; TT vs. CC: OR 1.415; 95% Cl 1.084-1.847; P = 0.011; TC vs. CC: OR 1.389;
95% Cl11.111-1.738; P =0.004; TT + TC vs. CC: OR 1.428; 95% Cl 1.145-1.782; P = 0.002) and pro-
state cancer (TC vs. CC: OR 1.276; 95% Cl 1.047-1.555; P=0.016; TT + TC vs. CC: OR 1.268; 95% Cl
1.050-1.532; P = 0.014). The stratified analysis by ethnicity revealed an increased risk of bladder
cancer among Caucasians and prostate cancer among Asians. Conclusion: This meta-analysis
suggested that the NQOT rs1800566 polymorphism was significantly associated with increased
risk of bladder and prostate cancers.
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Souhrn

Vychodiska: Bylo provedeno nékolik studii s cilem zkoumani asociace polymorfizmu NAD(P)H chinin oxidoreduktazy 1 (NQO1) rs1800566 s rizi-
kem karcinomu mocového méchyre a prostaty, ale byly predlozeny nekonzistentni vysledky. Proto jsme provedli metaanalyzu, abychom poskytli
komplexni Udaje o asociaci polymorfizmu NQO17 rs1800566 s karcinomem mocového méchyfre a prostaty. Metody: Prislusné studie byly identifi-
kovany v databazich PubMed, Google Scholar, EMBASE a China National Knowledge Infrastructure pied 1. cervnem 2019. Vysledky: Bylo vybrano
celkem 22 pfipadovych kontrolnich studii zahrnujicich 15 studii karcinomu moc¢ového méchyre se 4 413 pfipady a 4 275 kontrolami a 7 studii
karcinomu prostaty s 762 pfipady a 1 813 kontrolami. Souhrnna data ukazala, Ze polymorfizmus NQO1 rs1800566 byl vyznamné asociovan se
zvysenym rizikem karcinomu mocového méchyre (T vs. C: OR 1,300; 95% ClI 1,112-1,518; p = 0,001; TT vs. CC: OR 1,415; 95% Cl 1,084-1,847;
p=0,011;TCvs.CC: OR 1,389; 95% Cl 1,111-1,738; p =0,004; TT + TC vs. CC: OR 1,428; 95% Cl 1,145-1,782; p = 0,002) a karcinomu prostaty (TC vs.
CC:OR 1,276;95% Cl 1,047-1,555; p=0,016; TT + TC vs. CC: OR 1,268; 95% Cl 1,050-1,532; p = 0,014). Analyza stratifikovana podle etnicity odhalila
zvysené riziko karcinomu mocového méchyre u Kavkazanu a karcinomu prostaty u Asiatl. Zdveér: Tato metaanalyza naznacuje, Ze polymorfizmus

NQOT rs1800566 byl vyznamné spojen se zvySenym rizikem karcinomu mocového méchyre a prostaty.

Kli¢cova slova

karcinom mocového méchyre — karcinom prostaty - gen NQO17 - polymorfizmus — metaanalyza

Introduction

Bladder cancer is one of the most com-
mon malignancies, with approximately
430,000 new cases diagnosed world-
wide, with 118,000 new cases and
52,000 deaths recorded in Europe in
2012 [1]. Bladder cancer is a heteroge-
neous disease appearing in different
forms, e.g. non-muscle invasive and
muscle invasive. It mainly affects elderly
people and the average age at the time
of diagnosis is 73 years [2]. The lead-
ing risk factor for bladder cancer is to-
bacco use, with cigarette smokers show-
ing an approximately threefold higher
risk compared to non-smokers [1,3].
Moreover, prostate cancer is the most
commonly diagnosed cancer and the
second leading cause of cancer deaths
among men in the United States [4]. Risk
factors for developing localized pros-
tate cancer are not well known. How-
ever, a family history of prostate cancer
and age has long been identified as an
important risk for development of the
disease [5,6]. Although several nota-
ble advances in our knowledge about
risk factors of bladder and prostate can-
cers were published in recent years, their
exact mechanisms remains poorly un-
derstood [7]. It is suggested that both
bladder and prostate cancers are caused
by a combination of genetic and envi-
ronmental risk factors [5].

The NAD(P)H quinine oxidoreductase 1
(NQOT; also known as diphtheria toxin
diaphorase), a key phase Il enzyme, plays
an important role in the metabolism of
several carcinogens; it also protects cells
against oxidative stress [8,9]. NQOT ac-

tivity prevents the one electron reduc-
tion of quinones and thus prevents gen-
eration of free radicals by redox cycle.
The human NQOT gene is located on
chromosome 16922, consists of seven
exons (first exon is non-coding) spann-
ing 20 kb of genomic DNA [10]. NQO1 ge-
netic variations may play important roles
in etiology of genitourinary malignan-
cies, especially bladder cancer and pros-
tate cancer. Therefore, NQOT is consid-
ered as an anticancer enzyme, and its
polymorphisms can highly impact bio-
reductive cancer therapy [11,12].
Several single nucleotide polymor-
phisms have been identified in the NQO1
gene; among them, rs1800566 C>T
(Pro187Ser) polymorphism at nucleo-
tide 609 of exon 6, codes for a proline
(Pro)-to-serine (Ser) amino acid substitu-
tion is one of the most studied [13]. Gen-
otype-phenotype correlation studies
have showen that the rs1800566 poly-
morphism is associated with a de-
creased activity of NQO1 enzymatic
activity and an increased susceptibil-
ity to carcinogenesis, xenobiotic in-
duced toxicity and also a phenotypic
gene-dose effect [14]. A number of
case-control studies showed that the
NQOT rs1800566 polymorphism might
increase susceptibility to bladder and
prostate cancers, but the results remain
inconclusive and contradictive. In addi-
tion, the sample size in each study was
relatively small, and the statistical power
might be insufficient. Therefore, we per-
formed a comprehensive meta-analysis
to derive a more precise estimate for as-
sociation of the NQOT rs1800566 poly-

morphism with susceptibility to bladder
and prostate cancers.

Materials and methods

Publication search

A comprehensive literature search
was performed in PubMed, EMBASE,
Cochrane Library database, Springer
Link, Chinese Biomedical Database,
ChinaNational Knowledge Infrastructure
platforms, WanFang and VIP database to
collect all the eligible studies evaluating
the association of NQO17 rs1800566 poly-
morphism with bladder and prostate
cancers up to June 01, 2019. The follow-
ing terms, keywords and their combi-
nations were used: (“Prostate cancer”
or “Bladder cancer”) and (“NAD(P)H de-
hydrogenase (Quinone) 1" or “NQO1” or
“DT-diaphorase” or “DTD” or “quinone re-
ductase”) and (“609C>T" or “rs1800566"
or “Pro187Ser”) and (“Polymorphism” or
“SNPs” or “Mutation” or “Variation” or “Al-
lele”). Additionally, we reviewed the ref-
erence list of all relevant articles and
reviews to identify potential eligible
studies. If there were multiple publica-
tions from the same population, only the
most recent was included.

Selection criteria

The eligible studies, included in the
current meta-analysis, must have
met the following criteria: 1) studies
with case-control or cohort design; 2)
studies focused on the association of
NQOT rs1800566 polymorphism with
bladder and prostate cancers; 3) provid-
ing complete data of cases and controls
for calculating an odds ratio (OR) with
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95% confidence interval (Cl). Studies
were excluded for following reasons:
1) abstracts, reviews, case reports, post-
ers, editorials, conference articles;
2) data unavailable for calculating gen-
otype or allele frequencies; 3) studies
without reported genotype frequencies;
4) case only studies (without controls);
5) linkage studies, twin and family-based
studies; and 6) overlapping data or du-
plicate of previous publication.

Data extraction

Data were independently extracted by
two authors (S. A. Dastgheib and H. Nea-
matzadeh) using a data-collecting form
according to the inclusion criteria. Any
disagreement was resolved by discus-
sion with third author (M. Abedinzadeh).
The following information was collected
from each study: first author’s name,
year of publication, ethnicity, country
of the selected subjects, source of the
control groups, definition of metabolic
syndrome, frequencies of genotypes in
both groups and genotyping methods.
Diverse ethnicity descents were cate-
gorized as Asian, Caucasian and Afri-
can. If data were not reported in the pri-
mary manuscripts, we contacted the
corresponding authors by email to re-
quest the missing data.

Statistical analysis

The strength of association between
NQOT polymorphism and bladder and
prostate cancers was assessed by ORs
with 95% Cls. The significance of the
pooled effect size was determined by
Z-test, in which P < 0.05 was considered
statistically significant. The association
was evaluated underall five genetic mod-
els, i.e., allele (T vs. C), homozygote (TT
vs. CC), heterozygote (TC vs. CC), domi-
nant (TT + TC vs. CC), and the recessive
(TT vs. TC 4+ CC). Between-study hetero-
geneity was evaluated by the Cochran
Q-test, in which P < 0.10 indicated sig-
nificant heterogeneity was found. In ad-
dition, the I? statistic we applied to qual-
ify between-study heterogeneity (range
of 0-100%: 1> = 0-25%, no heterogene-
ity; I = 25-50%, moderate heterogene-
ity; 1> = 50-75%, large heterogeneity;
I2 = 75-100%, extreme heterogeneity).
The random effects model shows more

identification

screening

records identified through
database searching published
up to June 01, 2019
(N=116)

} !

records screened after
removing duplicates
(N=68)

l

records screened
(N=39)

l

full-text articles assessed
for eligibility
(N=39)

additional records identified
through other sources pub-
lished up to June 01,2019

records excluded after
reading titles and/or
abstracts
(N=29)
obviously irrelevant
unrelated topic

full-text articles excluded,
with reasons (N=17)
review, case reports,

letters to editors, evalua-

ted other diseases instead

eligibility

l

of bladder and prostate
cancer, other SNPs of
NQO1.

studies included in
qualitative synthesis

(N=22)

}

included

studies included in quantitative synthesis
(N =22 case-control studies)

bladder cancer: 15 case-control studies
prostate cancer: 7 case-control studies

Fig. 1. Flowchart of literature search and selection process [43].

flexibility with respect to variable effect
size in different studies and study popu-
lations. Thus, we have applied a ran-
dom-effects model, using the DerSimo-
nian and Laird method to calculate the
pooled OR when heterogeneity was
found; otherwise, affixed effect model
was applied to use the Mantel-Haenszel
method in absence of heterogeneity.
A Hardy-Weinberg equilibrium (HWE)
test of the NQOT rs1800566 polymor-
phism in controls was tested using chi-
square test (P-values < 0.05). Subgroup
analyses were conducted by stratifica-
tion of ethnicity to identifying poten-
tial source of heterogeneity. Sensitivity
analyses were performed to assess influ-
ence of each single study on pooled ORs
and the stability of the meta-analysis re-
sults by sequential removal of individual

studies. In addition, sensitivity analy-
sis was performed to examine the sta-
bility of the results by excluding those
studies that did not show HWE. Funnel
plots and Egger’s linear regression test
were used to estimate evidence for po-
tential publication bias. All of the statis-
tical calculations were performed using
Comprehensive Meta-Analysis software
version 2.0 (Biostat, USA). Two-sided
P-values < 0.05 were considered statisti-
cally significant.

Results

Study characteristics

Fig. 1 shows the flowchart of literature
search and selection process. The ini-
tial literature searches retrieved 116 po-
tentially relevant studies. After reading
the titles and abstracts, 48 studies were

94
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Tab. 1. Characteristics of studies included in the meta-analysis.

First Author Country Geno-
(Ethnicity) typing
Method
Bladder Cancer
Schulz1996[15]  CSMaY - peg prLp
(Caucasian)
Park 2003 [21] USA. PCR-RFLP
(Caucasian)
Choi 2003 [22] Korea (Asian) PCR-RFLP
Sweden
Sanyal 2004 [23] (Caucasian) PCR-RFLP
Italy
Hung 2004 [24] (CuEsa) PCR-RFLP
Moore 2004 [25]  Ar9entina - pep prip
(Caucasian)
USA
Terry 2005 [26] (Caucasian) MS
Broberg 2005 [27]  >Weden MS
9 (Caucasian)
Wang 2007 [19]  Taiwan (Asian) PCR-RFLP
Figueroa 2008 Spain
[28] (Caucasian) TagMan
Pandith 2011 India
[16] (Asian) PCR-RFLP
Fu 2003 [20] China (Asian) PCR-RFLP
Huang 2014 [8]  Taiwan (Asian) PCR-RFLP
Goerlitz 2014 Egypt
[17] (African) TagMan
Mandal 2012 [18] India (Asian) PCR-RFLP
Prostate Cancer
Steiner 1999[20] 2™ - pcpprip
(Caucasian)
Hamajima 2002 Japan ]
[30] (Asian) PCR-RFLP
Ergen 2007 [31] Turkey  pegpeLp
9 (Caucasian)
Steinbrecher Germany MS
2010 [34] (Caucasian)
Jing-Xian 2011 China
[33] (Asian)  129Man
Mandal 2012 [18] India (Asian) PCR-RFLP
Stoehr2012(32] ™MW peggrip

(Caucasian)

socC

PB

HB

HB

PB

HB

PB

HB

PB

HB

HB

HB

HB
HB

PB

HB

PB

HB

HB

PB

NS

HB

HB

Case/
Control

99/260

232/239

177/170

299/124

201/214

106/108

235/214

179/156

300/300

1128/1123

104/120

99/100
159/150

895/797

200/200

54/100

56/640

45/59

248/492

45/40

195/250

119/232

Cases Controls
Genotypes Allele Genotypes Allele
CCCTTT € T CCCTTT C€ T
68 26 5 162 36 195 61 4 451 69
142 82 8 366 96 163 66 10 392 86
81 68 28 230 124 94 60 16 248 92
206 85 8 497 101 83 34 7 200 48
113 75 13 301 101 135 66 13 336 92
62 35 9 157 53 61 40 7 162 54
156 70 9 382 88 150 58 6 358 70
43 131 5 217 141 107 46 3 260 52
70 148 82 288 312 94 136 70 324 276
685 392 51 1762 494 661 400 62 1722 524
44 53 7 141 67 70 44 6 184 56
30 38 31 68 100 38 46 16 122 78
36 83 40 155 163 51 67 32 169 131
519 323 53 1361 429 470 276 51 1216 378
105 72 23 282 118 128 61 11 317 83
37 15 2 89 19 67 31 2 165 35
17 30 9 64 48 240 286 114 766 514
23 17 5 63 27 23 26 10 72 46
163 80 5 406 90 333 133 26 799 185
5 26 14 36 54 12 21 7 36 35
105 67 23 277 113 164 72 14 400 100
76 37 6 189 49 166 60 6 392 72

MAFs

0.13

0.18

0.27

0.19

0.21

0.25

0.16

0.17

0.46

0.23

0.23

0.39
0.44

0.24

0.21

0.18

0.40

0.39

0.19

0.44

0.20

0.16

HWE

0.755

0.321

0.167

0.175

0.207

0.897

0.891

0.442

0.129

0.884

0.785

0.739
0.259

0.226

0.304

0.461

0.075

0.571

0.011

0.673

0.113

0.835

SOC - source of control, MAF — minor allele frequency, HWE - Hardy-Weinberg equilibrium, PCR-RFLP — polymorphism chain reac-
tion-restriction fragment length polymorphism, MS — mass spectrometry, PB — population based, HB - hospital based, NS — not stated
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Study name Statistics for each study
A Odds Lower Upper
ratio  limit limit Z-Value p-Value
Schulz 1996 [15] 1.452 0.934  2.258 1.658 0.097
Park 2003 [21] 1.189 0.860 1.644 1.048 0.295
Choi 2003 [22] 1.453 1.051 2.009 2.262 0.024
Sanyal 2004 [23] 0.847 0.579 1.239 -0.856 0.392
Hung 2004 [24] 1.225 0.888 1.692 1.236 0.217
Moore 2004 [25] 1.000 0.646 1.549 0.000 1.000
Terry 2005 [26] 1.178 0.834 1.664 0.930 0.352
Broberg 2005 [27]  3.249 2254 4682 6.318 0.000
Wang 2008 [19] 1.272 1.014 1.595 2.078 0.038
Figueroa 2008 [28] 0.921 0.801 1.059 -1.149 0.250
Pandith 2011 [16] 1.561 1.029 2370 2.093 0.036
Fu 2013 [20] 1596 1.072 2376 2.303 0.021
Huang 2014 [8] 1357 0988 1.862 1.887 0.059
Goerlitz2014[17] 1.014 0865 1.188 0.172 0.863
Mandal 2014 [18] 1598 1.157  2.208 2.842 0.004
1.300 1.112 1.518 3.299 0.001
0.01 0.1
B Study name Statistics for each study

Odds Lower Upper

ratio limit limit Z-Value p-Value
Steiner 1999 [29] 0.933 0.459 1.897 -0.192 0.848
Hamajima 2002 [30] 1.376 0.762 2.487 1.058 0.290
Ergen 2007 [31] 0.611 0.279 1.339 -1.230 0.219
Steinbrecher 2010 [34]  1.092 0.791 1.509 0.535 0.593
Jiang-xian 2011 [33] 3.429 1.086 10.824 2.101 0.036
Mandal 2012 [18] 1.635 1.113 2.399 2.509 0.012
Stoehr 2012 [32] 1.423 0.889 2.278 1.470 0.142

1.268 1.050 1.532 2470 0.014

0.01

Odds ratio and 95% CI

Relative
weight
5.38
6.72
6.72
6.04
6.73
542
6.46
6.22
7.88
8.80
5.64
5.85
6.80
8.62
6.72

%ﬂ
1 10 10

Odds ratio and 95% CI

0

Relative
weight
7.07
10.16
5.78
34.06
2.69
24.15
16.08

-
-+

0.1 1 10 100

Fig. 2. Forest plot for association of NQO7 rs1800566 polymorphism with risk of bladder and prostate cancers.

A. Bladder cancer (allele model T vs. C).

B. Prostate cancer (dominant model TT + TC vs. CC).

excluded. Among these studies,
46 studies were excluded because they
did not report useful data for meta-analy-
sis, or were a review, case only study,
and not being case-control studies. Fi-
nally, 22 case-control studies including
15 studies with 4,413 cases and 4,275 con-
trols for bladder cancer [8,15-28] and
7 studies with 762 cases and 1,813 con-
trols for prostate cancer [18,29-34] were
included to the meta-analysis. The main
characteristics of the studies are shown
in Tab. 1. All included studies were pub-
lished between 2005 and 2013. The
studies have been carried out in Ger-
many (N =4), USA (N = 2), Sweden (N =2),

India (N = 3), China (N = 2), Taiwan (N = 2),
Korea (N = 1), Italy (N = 1), Argentina
(N=1),Spain (N = 1), Egypt (N = 1), Japan
(N = 1), and Turkey (N = 1). As for ethnic-
ity, 12 studies were conducted on Cauca-
sians, 9 studies on Asians, and 1 article on
Africans. A total of 16 polymerase chain
reaction-restriction fragment length
polymorphism, 3 mass spectrometry, and
1 TagMan genotyping approach were
used. The genotype and minor allele fre-
quency distributions in the studies con-
sidered in the present meta-analysis are
shown in Tab. 1. Moreover, the distribu-
tion of genotypes in the controls was
in agreement with HWE for all selected

studies, except for one study for prostate
cancer (Tab. 1).

Quantitative synthesis

Bladder cancer

The summary of the meta-analysis of the
association of NQOT rs1800566 poly-
morphism with bladder cancer is shown
in Tab. 2. Overall, pooled ORs showed
that there was a significant association
between NQOT rs1800566 polymor-
phism and bladder cancer risk under
four genetic models, i.e., allele (T vs. C:
OR 1.300, 95% CI 1.112-1.518, P = 0.001)
(Fig. 2A), homozygote (TT vs. CC: OR
1.415, 95% Cl 1.084-1.847, P = 0.011),

96
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Tab. 2. Summary of meta-analysis for the association of NQO7 rs1800566 polymorphism with risk of bladder and prostate

cancers.

Subgroup  Genetic model

Bladder Cancer
Overall Tvs.C
TTvs.CC
TCvs. CC
TT+TCvs.CC
TTvs. TC+ CC

Ethnicity
Caucasian Tvs.C
TTvs.CC
TCvs. CC
TT+TCvs.CC
TTvs. TC+ CC
Asian Tvs.C
TTvs. CC
TCvs. CC
TT+TCvs. CC
TTvs. TC+CC

Prostate Cancer
Overall Tvs.C
TTvs.CC
TCvs. CC
TT+TCvs. CC
TTvs. TC+CC

Ethnicity
Caucasian Tvs.C
TTvs. CC
TCvs. CC
TT +TCvs. CC
TTvs. TC+CC
Asian Tvs.C
TTvs.CC
TCvs.CC
TT +TCvs.CC
TTvs. TC + CC

Type of

model

random
random
random
random

fixed

random
fixed

random

random
fixed
fixed
fixed
fixed
fixed
fixed

random

random
fixed
fixed

random

fixed
fixed
fixed
fixed
fixed
fixed
fixed
fixed
fixed
fixed

Heterogeneity

12 (%)

76.45
47.96
79.68
81.29
3143

84.98
38.57
88.49
88.88
6.630
0.00
0.00
0.00
0.00
0.00

55.59
62.56
1.030
38.31
53.74

35.99
50.78
0.00
14.52
48.03
35.19
48.33
0.00
0.00
45.83

P,
<0.001
0.020
<0.001
<0.001
0.117

<0.001
0.122

<0.001

<0.001
0379
0.842
0.880
0.757
0.961
0.443

0.036
0.014
0416
0.137
0.043

0.196
0.107
0423
0.320
0.123
0.214
0.144
0.533
0.383
0.158

OR

1.300
1.415
1.389
1.428
1.169

1.283
0.986
1.405
1.398
0.938
1.421
1.890
1.469
1.583
1.498

1.194
1.348
1.276
1.268
1.171

1.017
0.766
1.146
1.088
0.767
1.472
2.063
1.544
1.646
1.568

Odds ratio

95% CI Z-test
1.112-1.518 3.299
1.084-1.847 2.555
1.111-1.738 2.879
1.145-1.782 3.157
0.987-1.519  1.838
0.963-1.709 1.706
0.748-1.300 -0.098
0.934-2.115 1.630
0.939-2.082 1.648
0.714-1.232  -0.459
1.249-1.616 5.357
1.445-2.472 4.648
1.208-1.787 3.857
1.318-1.901 4.919
1.183-1.897 3.359
0.940-1.518 1.453
0.689-2.641 0.872
1.047-1.555 2410
1.050-1.532 2470
0.669-2.051 0.553
0.831-1.244 0.163
0.417-1.406 -0.861
0.895-1.468 1.081
0.858-1.380 0.699
0.423-1390 -0.875
1.174-1.844 3.358
1.247-3.414 2818
1.110-2.148 2.577
1.207-2.244 3.148
0.995-2.470 1.940

POR

0.001
0.011
0.004
0.002
0.066

0.088
0.922
0.103
0.099
0.646
<0.001
<0.001
<0.001
<0.001
0.001

0.145
0.383
0.016
0.014
0.580

0.871
0.389
0.280
0.489
0.382
0.001
0.005
0.010
0.002
0.052

PBeggs
0.276
0.198
0.620
0.198
0.488

0.710
0.018
1.000
1.000
0.173
0.259
0.259
1.000
1.000
0.259

1.000
1.000
1.000
1.000
0.763

1.000
0.734
0.308
0.308
0.308
1.000
1.000
0.296
1.000
1.000

Publication bias

Eggers

0.014
0.081
0.064
0.023
0.209

0.171
0.084
0.257
0.205
0.178
0.027
0.148
0.922
0.500
0.191

0.909
0.938
0.942
0.908
0.867

0.812
0.491
0.170
0.431
0.409
0.882
0.722
0.257
0.519
0.890
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Fig. 3. Funnel plot for publication bias in the meta-analysis of NQO17 rs1800566 polymorphism with bladder cancer under dominant

model (TT + TC vs. CQC).

heterozygote (TC vs. CC: OR 1.389, 95%
Cl 1.111-1.738, P = 0.004), and dom-
inant (TT 4+ TC vs. CC: OR 1.428, 95% Cl
1.145-1.782, P = 0.002). Stratified analy-
sis by ethnicity revealed that there
was a significant association between
NQOT rs1800566 polymorphism and
bladder cancer among Caucasians using
all five genetic models, i.e., allele (T vs. C:
OR 1.421,95% Cl 1.249-1.616, P < 0.001),
homozygote (TT vs. CC: OR 1.890, 95% Cl
1.445-2.472, P < 0.001), heterozygote
(TCvs.CC: OR 1.469, 95% Cl 1.208-1.787,
P <0.001), dominant (TT + TC vs. CC: OR
1.583, 95% Cl 1.318-1.901, P < 0.001),
and recessive (TT vs. TC + CC: OR 1.498,
95% Cl 1.183-1.897, P = 0.001), but not
in Asian population.

Prostate Cancer

The summary of the meta-analysis of the
association of NQOT rs1800566 poly-
morphism with prostate cancer is shown
in Tab. 2. Overall, pooled ORs showed
that there was a significant association
between NQOT rs1800566 polymor-
phism and prostate cancer risk under
two genetic models, i.e., heterozygote
(TCvs.CC: OR 1.276, 95% Cl 1.047-1.555,
P =0.016), and dominant (TT + TC vs. CC:

OR 1.268, 95% Cl 1.050-1.532, P = 0.014)
(Fig. 2B). Stratified analysis by ethnicity
revealedthat there wasasignificantasso-
ciation between NQOT rs1800566 poly-
morphism and prostate cancer among
Asians under all four genetic mod-
els, i.e., allele (T vs. C: OR 1.472, 95% Cl
1.174-1.844, P = 0.001), homozygote
(TT vs. CC: OR 2.063,95% Cl 1.247-3.414,
P = 0.005), heterozygote (TC vs. CC: OR
1.544, 95% ClI 1.110-2.148, P = 0.010),
dominant (TT + TC vs. CC: OR 1.646, 95%
Cl11.207-2.244, P = 0.002), but not under
Caucasians.

Heterogeneity test and sensitivity
analyses

There was a statistically significant he-
terogeneity for both bladder cancer and
prostate cancer in the overall analysis.
Thus, we performed subgroup analyses
by ethnicity and HWE status to explain
the potential source of heterogeneity.
As shown in Tab. 2, most heterogeneity
disappeared in the subgroup analysis
by ethnicity among Asians and Cauca-
sians, indicating that ethnicity might be
the major source of heterogeneity in this
meta-analysis. Moreover, we performed
a sensitivity analysis to assess the influ-

ence of each study on pooled results
and robustness of our results by sequen-
tial omission of each eligible study. How-
ever, the pooled results showed that
the significance of the OR was not af-
fected by any single study. Then, sensi-
tivity analysis was conducted by exclud-
ing those studies departure from the
HWE. Therefore, the sensitivity analysis
suggested that the current meta-analy-
sis were relatively consistent even when
a single study or some studies were
excluded.

Publication bias

Publication bias was assessed with
Begg’s funnel plots and Egger’s test
(Tab. 2). The shapes of the funnel plots
and Egger’s test did not show any evi-
dence of publication bias in the overall
and subgroup analysis by ethnicity for
prostate cancer. However, the results of
Begg'’s funnel plots and Egger’s regres-
sion test suggested evidence of publi-
cation bias for bladder cancer in over-
all under two genetic models, i.e., allele
(PBeggs = 0.276; PEggers = 0.014) and domi-
nate (P, =0.198; P, =0.023;Fig.3),
and by subgroup analysis among Asians
under the allele model (P = 0.259;

Beggs
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Peggers = 0.027). Thus, to adjust these
biases, we used a trim-and-fill method
developed by Duval and Tweedie. How-
ever, after trimming, we obtained similar
results, indicating that the results were

statistically reliable.

Discussion

In this meta-analysis, a total of 22 case-
control studies including 15 studies on
bladder cancer and 7 on prostate cancer
were selected to provide the most com-
prehensive assessment of the associa-
tion of NQOT rs1800566 polymorphism
with bladder cancer and prostate cancer
risk. The current meta-analysis results
showed that the NQOT rs1800566 poly-
morphism is significantly associated
with bladder and prostate cancers.
Moreover, stratified analysis by ethnicity
showed that the NQOT rs1800566 poly-
morphism was significantly associated
with an increased risk of bladder and
prostate cancers in Caucasians and
Asians, respectively. In view of the com-
plex effect of genetic variations on tum-
origenesis, the lack of an increased risk
of bladder and prostate cancers with
NQOT1 rs1800566 polymorphism in other
populations might be attributed to ge-
netic backgrounds and environmental
factors of those populations.

The current meta-analysis results are
inconsistence with previous meta-analy-
sisinvestigating the association between
NQOT rs1800566 polymorphism in the
prostate cancer risk. In 2014, Zhang
et al,, in a meta-analysis of 6 case-control
studies with 717 cases and 1,794 con-
trols, failed to show a significant associa-
tion between the NQOT rs1800566 po-
lymorphism and prostate cancer risk
in overall population. However, simi-
larly to our results, they reported that
the NQOT7 rs1800566 polymorphism
might be a risk factor for development
of prostate cancer in Asians [35]. How-
ever, Zhang et al., in meta-analysis of
urinary system cancer including 5 case-
controls on prostate cancer found that
the NQOT rs1800566 polymorphism
conferred genetic susceptibility to uri-
nary system cancer including bladder
cancer, prostate cancer, and renal cell
carcinoma [11]. Moreover, our results
are inconsistent with previous meta-

analysis only focused on the role of
NQOT1 rs1800566 polymorphism in the
bladder cancer risk [36,37]. Recently,
Wang et al. performed a meta-analy-
sis on effects of NQO7T rs1800566 poly-
morphism and smoking as an environ-
ment-related factor on bladder cancer
susceptibility. Their meta-analysis in-
cluded seven case-control studies with
1,341 cases and 1,346 controls, and
showed that the NQO7 rs1800566 poly-
morphism in smokers significantly in-
creased risk of bladder cancer compared
with non-smokers [12]. However, their
estimates were based on crude pooled
ORs, not adjusted OR values, such as eth-
nicity, which might be the cause of inac-
curate results. Similarly, in 2014, Goerlitz
etal, in a case-control study of 902 cases
with bladder cancer and 804 popula-
tion-based healthy subjects in Egypt
found that the NQOT rs1800566 poly-
morphism plays an important role in
the susceptibility to bladder cancer
by modulating the effects of known
contributing factors, such as smoking
and also schistosoma haematobium
infection [17].

Meta-analysis is an ideal tool to iden-
tify genetic association [38]. However,
between-study heterogeneity can dis-
tort the results of a meta-analysis [39,40].
Several factors, such as diversity in study
design, sample size, ethnicity, source of
controls, genotyping method, and de-
viation from HWE might contribute to
results heterogeneity [41,42]. To iden-
tify possible factors that contributed to
high heterogeneity, we performed sub-
group analysis by ethnicity. The over-
all heterogeneity no longer existed in
subgroup analysis, thus we hypothe-
sized that ethnicity was the main source
of between-study heterogeneity in this
meta-analysis.

Some limitations in this meta-analysis
must be addressed. First, the small sam-
ple size for prostate cancer was the major
defect in this meta-analysis. Thus, well-
designed studies with large sample size
are needed to further investigate the as-
sociation between NQOT rs1800566 po-
lymorphism and prostate cancer risk.
Second, we mostly focused on studies
published in English and Chinese, which
might have led to publication bias. Third,

the study populations were dominantly
Caucasian and Asian. The subgroup
meta-analysis for ethnicity had little or
no information for other ethnic groups,
such as Africans and mixed populations.
Forth, several important confounding
factors, such as age, gender (for bladder
cancer), drinking, smoking, and disease
stages were not considered for strati-
fied analysis because relevant data were
insufficient in the selected studies. Fi-
nally, bladder and prostate cancers are
mainly caused by gene-gene and gene-
environment interactions. However, no
appropriate information was available
for further analysis and data sorting.
Therefore, further large-scale studies
in different populations with more de-
tailed data, with different environmen-
tal background are required to validate
gene-gene and gene-environment in-
teractions on NQOT rs1800566 polymor-
phism with risk of bladder and prostate
cancers.

In summary, the results of meta-
-analysis suggested that the NQOIT
rs1800566 polymorphism was signif-
icantly associated with an increased
risk of bladder and prostate cancers.
Moreover, NQO7 rs1800566 polymor-
phism was significantly associated with
risk of bladder cancer and prostate can-
cer in Caucasians and Asians, respec-
tively. However, well-designed and large
studies are needed to further investigate
the association of these polymorphisms
with breast cancer susceptibility.
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