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A B S T R A C T

Studies investigating the association between glutathione S-transferase P1 (GSTP1) codon

105 polymorphism and gastric cancer risk report conflicting results. The objective of this

study was to quantitatively summarise the evidence for such a relationship. Two investiga-

tors independently searched the Medline and Embase databases. This meta-analysis

included 10 case-control studies, which included 1161 gastric cancer cases and 2847 con-

trols. The combined results based on all studies showed that there was no significant dif-

ference in genotype distribution [AA odds ratio (OR) = 1.14, 95% confidence interval

(CI) = 0.91, 1.44; AG (OR=0.82, 95% CI = 0.66, 1.03); GG (OR = 1.11, 95% CI = 0.55, 2.24)] between

gastric cancer and non-cancer patients. When stratifying for race, results were similar

except that patients with gastric cancer had a significantly higher frequency of AA

(OR = 1.53, 95% CI = 1.14, 2.06) and lower frequency of AG (OR = 0.70, 95% CI = 0.55, 0.89)

than non-cancer patients among Caucasians. When stratifying by the location and Lau-

ren’s classification of gastric cancer, we observed no statistically significant differences

in genotype distribution. This meta-analysis suggests that the GSTP1 codon 105 polymor-

phism may be associated with gastric cancer among Caucasians.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Gastric cancer, the second leading cause of death from can-

cer throughout the world, is an important health problem. A

2005 analysis of the worldwide incidence of and mortality

from cancer showed that 934,000 cases of gastric cancer oc-

curred in 2002 and that 700,000 patients die annually of this

disease.1 Despite the overall decline in gastric cancer rates in

most of the Western World, gastric cancer remains a serious

fatal disease throughout much of the rest of the world.2–4

Thirty-eight percent of worldwide cases occur in China,

where it remains the most common cancer in both sexes
er Ltd. All rights reserved
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as it is elsewhere in Eastern Asia.5 Conversely, the incidence

rates of adenocarcinomas of the proximal stomach and dis-

tal oesophagus have been increasing, particularly in the Wes-

tern World.6 A major strategy for facing this health care

problem is the identification of individuals at risk, contribut-

ing for prevention and early detection of the disease. The

knowledge on molecular alterations, which are involved in

the carcinogenic process of gastric cancer, may lead to new

and hopefully more effective means for controlling this

lethal disease. In this perspective, the role of genetic poly-

morphisms in gastric cancer risk has motivated increasing

interest in recent years.7
.
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Glutathione-S-transferases (GSTs) are the most important

phase II enzymes of the xenobiotic pathway. These enzymes

catalyse the conjugation of potentially mutagenic electro-

philic compounds, with nucleophilic glutathione yielding less

toxic and more water-soluble compounds, which are readily

excreted via urine or bile.8 Thus, GSTs protect our body from

the harmful effects of carcinogens and a reduction of their

activity can render an individual more susceptible to various

cancers.9 GSTP1 exhibits a polymorphism within its coding

region, which leads to reduced enzyme activity.10

Over the last two decades, a number of case-control stud-

ies were conducted to investigate the association between

GSTP1 codon 105 polymorphism and gastric cancer risk in hu-

mans. But these studies have reported conflicting results. No

quantitative summary of the evidence has ever been per-

formed. The purpose of this meta-analysis was to quantita-

tively summarise the evidence for such a relationship.

2. Materials and methods

2.1. Literature search strategy

Search was applied to the following electronic databases:

MEDLINE (1966 to June 2008), EMBASE (1980 to June 2008).

The following key words were used: ‘glutathione S-transfer-

ase’ or ‘GST’, ‘gastric’ or ‘stomach’, ‘carcinoma’ or ‘cancer’

or ‘tumour’. The search was done without restriction on lan-

guage, and was conducted on human subject. The reference

lists of reviews and retrieved articles were handsearched

simultaneously. Abstracts or unpublished reports were not

considered. If more than one article was published by the

same author using the same case series, we selected the

study with higher sample size.

2.1.1. Inclusion and exclusion criteria
We reviewed abstracts of all citations and retrieved studies.

For inclusion in the meta-analysis, the identified articles

had to provide information on (i) the number of gastric cancer

cases and controls studied; (ii) the number of individuals

genotype (AA, AG, GG) in cases and controls. Major reasons

for exclusion of studies were (i) no control; (ii) duplicate; (iii)

no usable data reported.

2.2. Data extraction

All data were extracted independently by two reviewers (Zhou

and Li) according to the prespecified selection criteria. Dis-

agreement was resolved by discussion. The following data

were extracted: study design and period, statistical methods,

population, number of gastric cancer cases and controls stud-

ied and study results.

2.3. Statistical analysis

The statistical analysis was conducted using STATA 8.2

(StataCorp, College Station, Tex), P < 0.05 was considered sta-

tistically significant. Dichotomous data were presented as

odds ratio (OR) with 95% confidence interval (CI). Statistical

heterogeneity was measured using the Q statistic (P < 0.10

was considered representative of statistically significant het-
erogeneity). Heterogeneity was also assessed through visual

examination of L’Abbe plots. Fixed effects model was used

when there was no heterogeneity of the results of the trials.

Otherwise, the random effects model was used. For dichoto-

mous outcomes, patients with incomplete or missing data

were included in sensitivity analyses by counting them as

treatment failures. To establish the effect of clinical hetero-

geneity between studies on meta-analysis’ conclusions, sub-

group analysis was conducted on the basis of race and the

location, stage, Lauren’s classification and histological differ-

entiation of gastric cancer.

Several methods were used to assess the potential for pub-

lication bias. Visual inspection of asymmetry in funnel plots

was conducted. The Begg rank correlation method and the Eg-

ger weighted regression method were also used to statistically

assess publication bias (P < 0.05 was considered representa-

tive of statistically significant publication bias).11,12

3. Results

3.1. Study characteristics

There were 60 papers relevant to the searching words.

Through the step of screening the title, 34 of these articles

were excluded (24 were not polymorphisms, nine were not

case-control studies, one was not conducted in humans). Ab-

stracts from 26 articles were reviewed and an additional 13

trials were excluded (10 were not case-control studies, three

were not conducted in humans), leaving 13 studies for full

publication review. Of these, three were excluded (three did

not report usable data);13–15 thus, 10 papers,16–25 which in-

cluded 1161 gastric cancer cases and 2847 controls, were

found to match our inclusion criteria. Ten studies, including

eight population-based case–control studies and two hospi-

tal-based case–control studies, were included in this meta-

analysis. The studies had been carried out in China, Japan,

Korea, USA, Italy, India, Spain and Turkey. The characteristics

of the studies included in this meta-analysis are presented in

Table 1.

3.2. Quantitative data synthesis

The combined results based on all studies showed that there

was no significant difference in genotype distribution [AA

odds ratio (OR) = 1.14, 95% confidence interval (CI) = 0.91,

1.44; AG (OR = 0.82, 95% CI = 0.66, 1.03); GG (OR = 1.11, 95%

CI = 0.55, 2.24)] between gastric cancer and non-cancer pa-

tients. When stratifying for race, results were similar except

that patients with gastric cancer had a significantly higher

frequency of AA (OR = 1.53, 95% CI = 1.14, 2.06) and lower fre-

quency of AG (OR = 0.70, 95% CI = 0.55, 0.89) than non-cancer

patients among Caucasians. When stratifying by the location

and Lauren’s classification of gastric cancer, we observed no

statistically significant differences in genotype distribution.

(Table 2).

Statistically significant heterogeneity was observed be-

tween trials in all analyses with the Q statistic (AA P = 0.01;

AG P = 0.04; GG P = 0.001). In addition, L’Abbe plots did show

evidence of heterogeneity. Review of funnel plots could not

rule out the potential for publication bias for all analysis.
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Publication bias was not evident when the Begg rank correla-

tion method (AA P = 0.13; AG P = 0.33; GG P = 0.33) and the Eg-

ger weighted regression method (AA P = 0.08; AG P = 0.84; GG

P = 0.05) were used.
4. Discussion

The rapid growth of human genetics creates countless oppor-

tunities for studies of disease association. Given the number

of potentially identifiable genetic markers and the multitude

of clinical outcomes to which these may be linked, the testing

and validation of statistical hypotheses in genetic epidemiol-

ogy is a task of unprecedented scale. Meta-analysis provides a

quantitative approach for combining the results of various

studies on the same topic, and for estimating and explaining

their diversity. A meta-analysis of 379 studies addressing 36

genetic associations with disease found that association stud-

ies of the same disease are often inconsistent in their find-

ings, and that the first study to report an association often

indicates a stronger effect than in subsequent studies. This

can lead to a distorted impression of the genetic aetiology

underlying a given disease. A systematic meta-analytic ap-

proach may assist in estimating population-wide effects of

genetic risk factors in human disease.26,27

A genetic predisposition to gastric cancer has been sug-

gested by both epidemiological studies and case reports of

gastric cancer families.6 Recent studies suggest that single

nucleotide polymorphisms may be related to the tumourigen-

esis of gastric cancer.28 Individual genetic susceptibility may

be critical in a variety of processes relevant to gastric cancer

tumourigenesis such as (i) mucosal protection in the face of

Helicobacter pylori infection and other carcinogens, (ii) the

inflammatory response, which conditions the maintenance,

severity and outcome of the H. pylori infection, (iii) the func-

tioning of carcinogen detoxification and antioxidant protec-

tion, (iv) cell proliferation ability, (v) the intrinsic variability

of DNA repair processes; and (vi) the cell apoptotic pathway.7

The mechanism of human gastric tumourigenesis is still rel-

atively unknown, and single nucleotide polymorphisms can

be used as a tool in searching for genetic variations of the dis-

ease gene and susceptibility, and to increase understanding of

the disease mechanism.29

Statistically significant heterogeneity was observed be-

tween trials in all analyses with the Q statistic. The most

important factor that contributed to the heterogeneity was

whether or not the genotype frequencies were in Hardy–

Weinberg equilibrium, because the equilibrium may not hold

among a case group if the genotype is truly associated with

disease. Observed departures from equilibrium therefore sug-

gest possible issues with the control group, or the study pop-

ulation in general, that might have generated less than ideal

circumstances for the investigation of the GSTP1 codon 105

polymorphism and gastric cancer. A departure from Hardy-

Weinberg equilibrium can also imply possible ethnic admix-

ture in the population, if the polymorphic site varies in geno-

type by race.30,31 In fact, race-specific variation in the

distribution of genotypes in the GSTP1 codon 105 polymor-

phism has been demonstrated.32,33 Because race may be re-

lated to disease, either through common risk factors or



Table 2 – Meta-analysis of GSTP1 codon 105 polymorphism and gastric cancer.

Stratification of
gastric cancer

No. of
studies

OR (95% CI) of AA P OR (95% CI) of AG P OR (95% CI) of GG P

Location: Cardia

versus non-cardia

1 1.17 (0.54,2.54) 0.69 DNR DNR

Asians 1 1.17 (0.54,2.54) 0.69 DNR DNR

Caucasians 0

Lauren’s

classification:

diffuse versus

intestinal

2 0.86 (0.44,1.67) 0.47 0.83(0.29,2.37) 0.72 1.58(0.21,12.00) 0.66

Asians 1 0.72 (0.29,1.76) 0.90 DNR DNR

Caucasians 1 1.07 (0.39,2.93) 0.95 0.83(0.29,2.37) 0.72 1.58(0.21,12.00) 0.66

Abbreviations: OR, odds ratio; CI, confidence interval; DNR, data not reported.
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other genes in linkage-disequilibrium with GSTP1, confound-

ing by race, or population stratification, may have biased re-

sults in studies conducted on ethnically diverse populations

that did not account for possible confounding. In this meta-

analysis, subgroup analysis was conducted on the basis of

race. In fact, five studies were conducted among Asians, and

five studies were conducted among Caucasians. When strati-

fying for race, results were similar except that patients with

gastric cancer had a significantly higher frequency of AA

and lower frequency of AG than non-cancer patients among

Caucasians.

GSTP1 codon 105 polymorphism also had been extensively

studied and reported to be associated with some other can-

cers. A case-control study, included 3035 cases and 3037 pop-

ulation controls, conducted by Lee and colleagues suggested

that GSTP1 codon 105 polymorphism was significantly associ-

ated with greater breast cancer risk.34 A case-control study

conducted by Rybicki and colleagues showed that men who

carried the GSTP1 codon 105 polymorphism and were ex-

posed at high levels to occupational PAH had increased risk

for prostate cancer.35 The study conducted by Mittal and col-

leagues demonstrated that the GSTP1 gene polymorphism is a

strong predisposing risk factor for bladder cancer in the North

Indian population.36 The study conducted by Lee and col-

leagues demonstrated that the presence of the GSTP1 codon

105 polymorphism was associated with a poorer prognosis

of oesophageal cancer.37 A case-control study conducted by

Miller and colleagues showed that the GSTP1 GG genotype ap-

pears to enhance the magnitude of the association between

environmental tobacco smoke exposure and lung cancer.38

The study conducted by Soya and colleagues demonstrated

that a significant interaction was observed among smokers

and tobacco chewers carrying GSTP1 mutant genotypes.39 It

supported the results achieved by us.

There are some limitations to this meta-analysis. First,

only published studies were included in the meta-analysis;

therefore, publication bias may have occurred, even though

the use of a statistical test did not show it. Second, we could

not obtain information from most studies on the presence or

absence of a history of infection with H. pylori, a strong risk

factor for gastric cancer. Third, as in most meta-analyses,

these results should be interpreted with caution because

the population from eight countries and controls were not

uniform. Fourth, our meta-analysis is based on unadjusted
estimates, while a more precise analysis could be performed

if individual data were available, which would allow for an

adjustment estimate (by age and sex). For this to be made,

however, this approach requires the authors of all the pub-

lished studies to share their data. Finally, meta-analysis re-

mains retrospective research that is subject to the

methodological deficiencies of the included studies. We min-

imised the likelihood of bias by developing a detailed protocol

before initiating the study, by performing a meticulous search

for published studies and by using explicit methods for study

selection, data extraction and data analysis.

In conclusion, this meta-analysis suggests that the GSTP1

codon 105 polymorphism may be associated with gastric can-

cer among Caucasians. Since half of the included studies

were based on a limited number of cases (<100), it is critical

that larger and well-designed multicentric studies based on

the same ethnic group confirm our results.
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