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Abstract: Background: The association of glutathione s-transferase P1 (GSTP1) lle105Val polymorphism with risk of
esophageal cancer (EC) has been evaluated in many studies; however, the results from these studies are controver-
sial. Thus, further analysis on association between GSTP1 lle105Val polymorphism and risk of EC is needed among
a larger study population. Method: We searched the relevant electronic databases and performed a meta-analysis
based on 21 published case-control studies. The Chi-square based I>-statistic test was performed to evaluate pos-
sible heterogeneity across the studies. Additionally, random-effects models were used to calculate crude pooled
odds ratios (ORs) with 95% confidence intervals (Cls). Results: Overall, this meta-analysis did support a significant
association between GSTP1 lle105Val polymorphism and risk of EC (pooled OR 1.25, 95% Cl, 1.05-1.49). Further-
more, the stratified analysis showed that, in comparison to GSTP1 lle105Val lle/lle genotype, the Val/Val genotype
was significantly associated with risk of esophageal squamous cell carcinoma (ESCC) (pooled OR 1.45, 95% Cl,
1.07-1.96), particularly in the Caucasian population (pooled OR 1.41, 95% Cl, 1.01-1.95). Such a significant asso-
ciation was not observed for esophageal adenocarcinoma (EAC) patients or subjects of an Asian ethnicity. Moreover,
substantial evidence of heterogeneity among the studies was not observed. Conclusion: The results from this meta-
analysis support a significant association between the GSTP1 lle105Val polymorphism and risk of EC, particularly
in a subgroup with ESCC and in the Caucasian population. Further studies with larger sample sizes are needed to
validate our findings.
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Introduction

Esophageal cancer (EC) is one of the most com-
mon malignancies in the world, with obvious
geographical characteristics of its pathogene-
sis [1]. The development of EC is a multifactori-
al process. For example, tobacco smoking and
alcohol consumption are well-recognized etio-
logical factors for EC [2, 3]. However, not every
smoker and/or alcohol consumer develops EC,
suggesting that individual susceptibility factors
might also be involved in the development of
this malignancy.

Evidence indicates that genetic polymorphisms
in certain carcinogen-metabolizing genes play

an important role in modifying the risk for EC
[4]. Sequence variations in these genes can
alter the expression, function and activity of the
encoded enzymes and may consequently inc-
rease or decrease carcinogen activation or
detoxification. Among them, the glutathiones-
transferases (GSTs) represent a superfamily of
phase Il enzymes which catalyze the conjuga-
tion reactions between reduced glutathione
and reactive intermediates of a variety of endo-
genous and exogenous electrophilic com-
pounds. Some of these compounds have carci-
nogenic potential, thereby making them more
water-soluble for easy elimination from the
body. GSTP1 has a high level of esophageal
expression and plays a central role in the inacti-
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The association between GSTP1
polymorphism and risk of EC is
unclear, with some studies report-
ing increased EC risk in subjects
carrying GST1/Val105 variant [13-
17]; some reporting decreased risk
[18]; and others reporting no asso-
ciation [19-28]. A previous meta-
analysis investigated the associa-
tion between EC risk and GSTP1
polymorphism [29]; however, this
study also included a limited num-
ber of published studies, and new
results have since been published.
In the current meta-analysis, we
gave a more comprehensive over-
view of risk effect of GSTP1 lle05-
Val polymorphism on EC occur-

Articles included in the meta-analysis (N=21)

Figure 1. Flow diagram of study identification.

vation of toxic and carcinogenic compounds [5,
6]. The tendency of GST polymorphisms to alter
carcinogen metabolization is well established,
with GSTP1 polymorphisms having been exten-
sively studied in human population.

The GSTP1 gene is located on chromosome
11913 and consists of seven exons. There are
two known GSTP1 polymorphic sites, which are
characterized by an A-to-G transition at nucleo-
tide 313 (codon 105, exon 5), causing an iso-
leucine-to-valine change (llel05Val), and a
C-to-T transition at nucleotide 341 (codon 113,
exon 6), causing an alanine-to-valine substitu-
tion (Alall14Val) [7]. Four allele genotypes are
composed of these two polymorphic sites: the
wild type GSTP1*A (lle105, Alal14), GSTP1*B
(Vall05, Alal114), GSTP1*C (Vall05, Vall14),
and GSTP1*D (lle105, Val114) [7, 8]. The GSTP1
enzyme having Vall105 shows a catalytic effi-
ciency for the diol epoxides of polycyclic aro-
matic hydrocarbons that is seven-fold higher
than the isoenzymes having lle105. In contrast,
the catalytic efficiency for 1-chloro-2,4-dinitro-
benzene was reduced approximately three-fold
in GSTP1/Val1l05 compared to GSTP1/1le105
[7,9, 10]. The GSTP1/Val105 variant was found
to be 2-3 times less stable than the 11e105 vari-
ant [11] and was associated with a higher
hydrophilic DNA adduct level [12].
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rence, including journal articles pu-
blished up to September 1, 2013.

Materials and methods

Identification of eligible studies

We conducted a literature search through
September 1, 2013 using the key words search
in the PubMed, Web of Knowledge, MEDLINE,
Embase, and Google Scholar electronic data-
bases and search engines. The language of
publication was restricted to English. The fol-
lowing search terms were used: glutathione
s-transferase p or GST or GSTP1 or glutathione
S-transferase P1, and polymorphism or single
nucleotide polymorphism or SNP, and esopha-
geal cancer or esophagus or esophageal squa-
mous cell carcinoma or ESCC or esophageal
adenocarcinoma or EAC.

Inclusion and exclusion criteria

The following inclusion criteria were used to
select studies: (1) case-control study methodol-
ogy; (2) association of EC with GSTP1 polymor-
phisms; (3) reported sample size, odds ratios
(ORs) and 95% confidence intervals (Cls); and
(4) EC cases confirmed using histopathology.
The exclusion criteria were as follows: (1) ratio-
nale and study design obviously different from
our research objectives; (2) not case-control
study; (3) malignant tumor cases included in
controls; and (4) duplicated studies, reviews,
case reports. If duplicate data were presented
in more than one study, only the most informa-
tive and recent one was included.

Int J Clin Exp Med 2014;7(10):3215-3224
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Table 1. Characteristics of studies on the association of GSTP1 lle105Val and the risk of esophageal

cancer
Study Studyarea  Ethnicity ~ C25eY/ OR* (95% Cl) ORE (95% Cl) OR* (95% CI)
controls
Morita 1998 [18] Japan Asian 66/164 0.19 (0.07-0.51) 0.18 (0.07-0.48)
Lin 1998 [19] China Asian 42/36 0.83(0.31-2.22) 0.25 (0.03-2.60) 0.7 (0.3-1.8°
Van Lieshout 1999 [6, 13] Caucasian Caucasian 34/247 3.45 (1.55-7.65) 3.65 (0.88-15.07) 3.47 (1.60-7.57)
Tan 2000 [20] China Asian 150/150 0.89 (0.55-1.44) 1.47 (0.50-4.29) 1.0 (0.8-1.3)
Lee 2000 [21] China Asian 90/270 0.66 (0.39-1.11)
Casson 2003 [14] Canada Caucasian 45/45 2.5(1.0-6.3) 0.8 (0.2-3.1) 1.8 (0.8-4.3)?
Wang 2003 [15] China Asian 62/38 1.91 (0.82-4.45) 2.48 (0.24-25.44) 5.37 (2.50-11.50)
Ribeiro Pinto 2003 [16] Brazilian Mixed 34/68 4.09 (1.29-13.00)
Abbas 2004 [22] France Caucasian 70/124 1.12 (0.61-2.07) 1.27 (0.41-3.90) 1.02 (0.55-1.89)°
Jain 2006 [23] India Indian 100/137 0.80 (0.47-1.39) 1.29 (0.48-3.45) 0.87 (0.52-1.46)
Cai 2006 [24] China Asian 218/415 0.93 (0.64-1.35) 0.46 (0.13-1.67) 0.88 (0.61-1.27)
Casson 2006 [25] Canada Caucasian 56/95 1.36 (0.65-2.84) 2.22 (0.81-6.06) 1.54 (0.77-3.07)
Murphy 2007 [26] Ireland Caucasian  207/223 0.93 (0.62-1.39) 1.00 (0.53-1.88) 0.94 (0.62-1.41)
Wideroff 2007 [27] us Caucasian 67/206 0.71(0.38-1.32)¢ 1.73 (0.75-4.02) 0.87 (0.50-1.50)
Rossini 2007 [17] Brazil Mixed 162/252 1.66 (1.04-2.66) 1.78 (0.89-3.54) 2.12 (1.37-3.29)°
Zendehdel 2009 [28] Sweden Caucasian 175/471 1.21 (0.83-1.75) 1.41 (0.76-2.62) 1.24 (0.87-1.77)
Liu 2010 [30] China Asian 97/97 0.896 (0.478-1.678)° 0.825 (0.447-1.52)
Moaven 2010 [31] Iran Mixed 148/137 0.83 (0.50-1.36) 1.672(0.678-4.119)* 1.100 (0.688-1.757)°
Li 2010 [32] South African Mixed 245/288 1.01 (0.68-1.48)2 1.21 (0.71-2.07)° 1.00 (0.70-1.43)
Malik 2010 [4] Kashmir Valley Indian 135/195 1.00 (0.62-1.6)° 2.48 (1.03-6.02)* 1.16 (0.74-1.80)
Matejcic 2011 [33] South African Mixed 554/902 1.02 (0.79-1.32) 1.03 (0.77-1.38) 1.02 (0.81-1.30)

*OR of esophageal cancer associated with GSTP1 lle105Val: lle/Val vs. lle/lle. “OR of esophageal cancer associated with GSTP1 lle105Val: Val/Val vs. lle/lle. *OR of

esophageal cancer associated with GSTP1 lle105Val: lle/Val + Val/Val vs. lle/lle. adjusted for potential confounding variables. OR, odds ratio and Cl, confidence interval.

Data extraction

Three investigators (Song, Zhou, and Du) revi-
ewed and extracted information independently
from selected publications in accordance with
the above mentioned inclusion and exclusion
criteria. Any conflicts over study/data inclusion
were settled by a discussion between the inves-
tigators. Following the criteria above, 21 arti-
cles [4, 13-28, 30-33] were included in the
present analyses. The steps taken towards
article selection are shown below (Figure 1).
The following data were extracted from includ-
ed studies: authors of study, study area and
period, the number of cases and controls, OR
and 95% Cls. If crude and adjusted ORs and
95% Cls were both offered, we extracted the
results that were adjusted for the most poten-
tial confounding variables. When the ORs were
not presented, we calculated unadjusted ORs
from the exposure data given in the articles.
The details of each study are shown in Table 1.

Statistical analysis

Deviations from Hardy--Weinberg equilibrium
(HWE) were tested using Fisher’s exact test to
evaluate the genetic equilibrium of each study
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[34]. For all studies, we evaluated the risk of
the hetero- and homozygous carriers of the
variant Val allele, both together and separately,
compared with the wild type lle allele. Then, we
calculated the overall ORs of the polymor-
phisms.

Tests for heterogeneity were made among stud-
ies using the Cochran’s Q and 12 test statistic
[35]. For the Cochran’s Q test statistic, a P
value < 0.10 was accepted as statistically sig-
nificant heterogeneity. Random-effects models
were used to estimate summary ORs and 95%
Cls [36]. To examine potential sources of het-
erogeneity, we also conducted subgroup analy-
ses by histological types (EAC and ESCC) and
by ethnicity (Asian and Caucasian population).
Meta regression analysis was also performed
to identify sources of heterogeneity according
to several variables, such as number of cases,
source of controls, covariates adjusted, and
publication time.

Sensitivity analyses were conducted to assess
the strength of our findings by excluding one
study at a time. Begg’s funnel plot and Egger’s
regression test [37] were used to evaluate pub-
lication bias. In Egger’s test, when P value <

Int J Clin Exp Med 2014;7(10):3215-3224
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Study %
ID OR (95% CI) Weight
case-control :
Morita1998 — : 0.18 (0.07,0.48) 2.65
Lin1998 ——r— 0.70 (0.30, 1.80) 2.91
van Lieshout1999 Ne——— 3.47 (1.60, 7.57) 3.45
Tan2000 -+ 1.00 (0.80, 1.30) 6.99
Lee2000 —_— 0.66 (0.39, 1.11) 4.98
Casson2003 —_— 1.80 (0.80, 4.30) 3.15
Wang2003 i —_— 5.37 (2.50, 11.50)3.52
Ribeiro Pinto2003 | ———— 4.09 (1.29, 13.00)2.05
Abbas2004 —_ 1.02 (0.55, 1.89) 4.35
Jain2006 — 0.87 (0.52, 1.46) 5.03
Cai2006 —rl 0.88 (0.61,1.27) 6.12
Casson2006 —_—— 1.54 (0.77, 3.07) 3.90
Murphy2007 el 0.94 (0.62, 1.41) 5.79
Wideroff2007 — 0.87 (0.50, 1.50) 4.80
Rossini2007 ) —— 212 (1.37,3.29) 559
Zendehdel2009 = 1.24 (0.87,1.77) 6.21
Liu2010 —_— 0.82 (0.45, 1.52) 4.38
Moaven2010 — 1.10 (0.69, 1.76) 5.36
Li2010 —— 1.00 (0.70, 1.43) 6.19
Malik2010 — 1.16 (0.74, 1.80) 5.54
Matejcic2011 -+ 1.02 (0.81,1.30) 7.03
Subtotal (I-squared = 69.3%, p=0.000) € 1.14 (0.94, 1.38) 100.00
I

Overall (I-squared = 69.3%, p = 0.000) %) 1.14 (0.94, 1.38) 100.00
NOTE: Weights are from random effecis{ ana Iyslis :
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Figure 2. Forest plot for association between GSTP1 lle105Val and risk of ESCC (lle/Val + Val/Val vs lle/lle). A
random-effects model was used. The squares and horizontal lines represent the study-specific OR and 95% Cl. The
diamond corresponds to the summary OR and 95% ClI.

0.10, it was considered statistically significant
publication bias. All analyses were conducted
using Stata v.12 (StataCorp LP, TX) statistical
software.

Results

Literature search and studies’ characteristics

Our keyword search identified 71 papers, from
which 44 papers [7 reviews and 37 did not
meet criteria (2)] were excluded after review of
the abstracts. After reading the full texts of the
remaining 27 papers, we eliminated an addi-
tional 6 papers, including 1 duplicated report, 4
failure to meet inclusion criterion (1) and 1 fail-
ure to meet inclusion criterion (3) (Figure 1). In
summary, a total of 21 case-control studies
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evaluating the association between GSTP1
lle105Val polymorphism and risk of EC were
identified, with 2,757 cases and 4,560 controls
included [4, 13-28, 30-33]. Among these 21
studies, 9 were performed in Asian popula-
tions, 7 in Caucasians, and 5 in mixed ethnicity
populations. Controls in 7 studies were popula-
tion-based and controls in the other 14 studies
were hospital-based. The study characteristics
are shown in Table 1.

Meta-analysis results

The summary OR for lle/Val + Val/Val vs. lle/lle,
lle/Val vs. lle/lle and Val/Val vs. lle/lle was
1.14 (95% Cl 0.94-1.38), 1.05 (95% CI 0.88-
1.24), 1.25 (95% CI 1.05-1.49), respectively.
(Figures 2-4).

Int J Clin Exp Med 2014;7(10):3215-3224
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Study %
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Cai2006 — 0.93 (0.64, 1.35) 7.60
Casson2006 —_— 1.36 (0.65, 2.84) 3.66
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Moaven2010 —_— 0.83 (0.50, 1.36) 5.87
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Subtotal (l-squared = 48.7%, p=0.009) ¢

Overall (I-squared = 48.7%, p = 0.009) g

:
>

is

NOTE: Weights are from random effects analy
I
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Figure 3. Forest plot for association between GSTP1 lle105Val and risk of ESCC (lle/Val vs lle/lle). A random-effects
model was used. The squares and horizontal lines represent the study-specific OR and 95% Cl. The diamond cor-

responds to the summary OR and 95% CI.

Subgroup analyses

Subgroup analyses according to histological
types are shown in Table 2. Compared with
wild-type (lle/lle), variant homozygote (Val/Val)
of GSTP1 lle105Val was associated with a sig-
nificantly increased risk of ESCC (Val/Val vs.
lle/lle: OR = 1.45, 95% Cl = 1.07-1.96; P =
0.134 for heterogeneity test). However, we
failed to find any significant association for
GSTP1 lle105Val with risk of EAC in different
genetic models. We also performed stratified
analysis by ethnicity (Asian and Caucasian
group). As shown in Table 2, a significant asso-
ciation between GSTP1 Ille105Val polymor-
phism and risk of EC among the Caucasian
population was found (OR = 1.41, 95% CI =
1.01-1.95; P = 0.602 for heterogeneity test).

3219

Such a significant association was not observed
in the Asian study population.

Meta-regression analyses

We performed meta-regression analyses rega-
rding the number of cases, ethnicity, adjusted
covariates, and the publication time. We found
that all of these variables did not appear to be
main causes of heterogeneity, with P values
equal to 0.542, 0.453, 0.992, and 0.873, res-
pectively.

Sensitivity analyses

We performed sensitivity analyses by removing
one study at a time and then estimating sum-
mary OR of the remaining studies. We found
the results to be stable (data not shown).

Int J Clin Exp Med 2014;7(10):3215-3224
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Study %
ID OR (95% Cl) Weight
a i
Lin1998 i 0.25(0.03,2.60)  0.63
van Lieshout1999 3.65(0.88, 15.07) 155
Tan2000 ———— 147(0.50,4.29)  2.70
Casson2003 - 0.80 (0.20,3.10)  1.66
Wang2003 : 248(0.24,2544) 057
Abbas2004 —_— 1.27(0.41,3.90) 246
Jain2006 R — 129(0.48,345)  3.21
Cai2006 . ; 0.46 (0.13,1.67) 1.9
Casson2006 —_— 222(0.81,6.06)  3.08
Murphy2007 —_— 1.00 (0.53, 1.88)  7.78
Wideroff2007 —_—— 173(0.75,4.02) 442
Rossini2007 —_— 1.78 (0.89, 3.54)  6.54
Zendehdel2009 —_— 141(0.76,262) 8.14
Moaven2010 — 167 (0.68,4.12)  3.83
Li2010 —_— 1.21(0.71,2.07)  10.89
Malik2010 248(1.03,6.02) 4.00
Matejcic2011 — 1.03(0.77,1.38)  36.63
Subtotal (-squared = 0.0%, p = 0.506) > 1.25(1.05,1.49)  100.00
Overall (--squared = 0.0%, p = 0.506) O 1.25(1.05,1.49)  100.00
NOTE: Weights are from random effects analysis E

I I |
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Figure 4. Forest plot for association between GSTP1 lle105Val and risk of ESCC (Val/Val vs lle/lle). A random-effects
model was used. The squares and horizontal lines represent the study-specific OR and 95% Cl. The diamond cor-

responds to the summary OR and 95% CI.

Assessment for publication bias

A Begg's funnel plot was generated, showing
nearly symmetrical pattern (Figure 5), indicat-
ing low possibility of publication bias. Egger’'s
test was also used to quantitatively evaluate
publication bias, which confirmed no evidence
of bias (p = 0.570).

Discussion

GSTP1 lle105Val polymorphism has been eval-
uated as a potential susceptibility factor con-
tributing to the risk of developing various can-
cers including cancer of the breast, prostate
and lung, with the variant Val105 genotype
more likely to be associated with increased risk
of cancer [38-40]. Using a meta-analytic app-
roach, we consistently found a statistically sig-
nificant association between variant homozy-
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gote (Val/Val) of GSTP1 lle105Val and increased
risk of EC. A previous meta-analysis of 13 pub-
lished case-control studies found no significant
general main effects for GSTP1 lle105Val poly-
morphism on EC risk [29]. In the present study,
we analyzed data from 2,757 cases and 4,560
controls in 21 studies to have the statistical
power to detect differences and provide more
precise risk estimates than the previous meta-
analysis and individual studies, the majority of
which suffered from limited sample size [4,
13-28, 30-33].

Results from our meta-analysis stratified by
histological types of EC indicate that individuals
carrying variant homozygous Val/Val genotype
had significantly higher risk of ESCC than indi-
viduals carrying wild-type lle/lle genotype.
However, such a significant association was not

Int J Clin Exp Med 2014;7(10):3215-3224
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Table 2. Subgroup analyses for the association of GSTP1 lle105Val polymorphism and esophageal

cancer
Subgroups SL\IUC; ;)efS OR (95% Cl) Izst:(ﬂot/jtlcs Test for(;it;:jo;enelty*
Histological subtype
ESCC
lle/Val + Val/Val vs. lle/lle 13 1.19 (0.93-1.51) 68.6 <0.001
lle/Val vs. lle/lle 12 1.06 (0.91-1.24) 14.4 0.303
Val/Val vs. lle/lle 11 1.45 (1.07-1.96) 33.1 0.134
EAC
lle/Val + Val/Val vs. lle/lle 9 1.18 (0.90-1.55) 29.9 0.179
lle/Val vs. lle/lle 9 1.21 (0.88-1.67) 43.9 0.075
Val/Val vs. lle/lle 9 1.29 (0.90-1.84) 0 0.84
Ethnicity
Asian
lle/Val + Val/Val vs. lle/lle 7 0.88 (0.55-1.42) 82.4 <0.001
lle/Val vs. lle/lle 0.83 (0.55-1.27) 59.9 0.029
Val/Val vs. lle/lle 4 0.75 (0.33-1.68) 75.6 0.006
Caucasian
lle/Val + Val/Val vs. lle/lle 8 1.36 (0.99-1.88) 53.8 0.034
lle/Val vs. lle/lle 7 1.28 (0.91-1.79) 55.8 0.035
Val/Val vs. lle/lle 7 1.41 (1.01-1.95) 0 0.602

“Test for heterogeneity: random effect modeling was used.

Begg's funnel plot with pseudo 95% confidence limits

logor
o
)
4

0 2
s.e. of: logor

Figure 5. Begg's funnel plot for publication bias assessment.

observed with EAC. GSTP1 is known to metabo-
lize tobacco-related carcinogens and eliminate
the oxidative products of thymidine or uracil
propenal [41]. GSTP1 has an effect upon
benzo(x)pyrene and its major metabolites [9],
which are the major components of cigarette
smoke [42]. Moreover, epidemiological studies
have shown that GSTP1 polymorphisms seem

3221

to be more associated with
tobacco-related cancers [19].
ESCC and EAC have signifi-
cant divergence in etiology
while sharing a few etiological
factors. Smoking is generally
accepted as a risk factor for
both ESCC and EAC, but the
effect is much stronger in
ESCC than in EAC [43]. Thus,
the difference in main effects
of GSTP1 variant genotype in
these two histological types of
EC is biologically plausible.

Our stratified analyses by eth-
nicity revealed a significant
association between GSTP1
lle105Val polymorphism and

EC in Caucasians, while the
association was not significant in the Asian

subgroup. This appears to contradict the above
stratification analysis by histological type
because ESCC is the major type of EC in the
Asian population. However, the result in the
Asian subgroup was based on 4 studies in
Chinese populations showing a high level of
between-study heterogeneity, suggesting that

Int J Clin Exp Med 2014;7(10):3215-3224
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the studies do not estimate the same effect
due to different degree of bias. In addition,
there are significant differences regarding etio-
logical profiles between high and low incidence
areas within China [44]. This difference may
also be responsible for variation in EC risk in
these studies and the overall non-significance.
More large studies are warrant to determine
the effect of GSTP1 lle105Val polymorphism on
EC risk in Asians.

Although no significant association between
GSTP1 lle105Val polymorphism and EC risk
was observed in dominant model (lle/Val + Val/
Val vs lle/lle) or in pair comparison between lle/
Val and lle/lle genotype, we cannot exclude
that we may fail to detect the effect because of
between-study heterogeneity (p < 0.001 for
heterogeneity test for both meta-analyses).
Although we conducted subgroup analyses by
ethnicity and histological type to explore poten-
tial sources of heterogeneity, other possible
sources such as publication year, case-control
matching, and sample size were unable to be
examined in our analyses. Uncontrolled con-
founding factors could be a major source of
between-study heterogeneity because most
studies used crude ORs and 95% Cl. Additionally,
the design of some studies was not optimal,
some having small sample sizes [14-16, 19],
and some including populations with highly het-
erogeneous ethnic backgrounds or of unclear
ethnicity [16, 17, 31-33]. Case-control study
design is prone to selection bias, which could
be a source of heterogeneity. Furthermore,
because GSTP1 polymorphisms might contrib-
ute to susceptibility to non-cancer disease,
using hospital-based controls may introduce
heterogeneity to the meta-analysis. Therefore,
more optimal and well-designed studies are
required to evaluate the genetic association
between GSTP1 lle105Val polymorphism and
EC risk in the future.

Considerable effort was made to test for pos-
sible associations between GSTP1 lle105Val
polymorphism and risk of EC, and a significant
effect of GSTP1 variant homozygous (Val/Val)
genotype on EC risk was found with no signifi-
cant between-study heterogeneity. However,
there are still some limitations to the meta-
analysis. First, we cannot control for confound-
ing factors that were not adjusted for in indi-
vidual studies, such as age, sex, family history
of cancer, smoking, alcohol consumption, and
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other potential risk factors. These factors might
modify or even change the direction of observed
effect. Second, GSTP1 may interact with envi-
ronmental factors or interact with other genes
in creating susceptibility for EC. However, due
to lack of these data in individual data, we were
unable to explore potential gene-gene or gene-
environment interactions. Thirdly, although we
did not find evidence of publication bias, it is
possible as we do not have information on
unpublished studies.

In conclusion, this meta-analysis demonstrates
that GSTP1 lle105Val significantly modified the
risk of EC, especially ESCC, and that the effect
of modification was particularly pronounced in
the Caucasian population. To confirm our find-
ings, more, well-designed large-scale studies in
diverse ethnic populations are warranted.
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