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1 O O patient O O

2 O O O patient

3 O O patient

4 O O Hp(+),ND patient

5 O @) patient O

6 O O patient Hp(+)
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8 O O patient O

9 O O patient

10 O @ patient Hp(—) Hp(—)
11 O ® patient B

12 O @ patient Hp(—) Hp(—)
13 @) ® patient

14 O ® patient Hp(—)

15 O @ patient Hp(+) Hp(—)
16 O @ O patient
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21 O Hp(—) Hp(—) patient Hp(—)
22 O Hp(-) patient Hp(—) Hp(-)
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Hp : H. pylori. patient : index patient. O : identical to index patient,
@® : distinct from index patient, B : distinct from other family members,

Hp(+),ND : H. pylori(-+)but culture not done
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%3 Primers used for PCR

Target gene PCR Primers Product size
efp efp-forl GGCAATTTGGATGAGCGAGCTC 558
efprevl CTTCACCTTTTCAAGATACTC
trpC trpC_for8 AGCATCGCCCTCTAAAGGTT 618
trpC_rev6 | AAGCCCGCACACTTTATTTTC
ppa ppaforl-1 GAARTKAGCCATGACGCTRA 698
pparevd GGGTTAARATCGTTAAATTGTAG
mutY mutY-ford TTATGAAGTCTCTATATCAGCGAAGT 529
mutY-revd TACCTAAACAATAAGGATTGAAAGG
atp atpA_for2 GGACTAGCGTTAAACGCACG 840
atpA_rev2 CTTGAAACCGACAAGCCCAC
yphC yphC_rev3 | CATTYACCCTCCCAATGATGC 721
yphC_for2 CACGCCTATTTTTTTGACTAAAAAC
urel urelfor AGGTTATTCGTAAGGTGCG 721
urelrev2 GTTTAAATCCCTTAGATTGCC
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atpA efp mutY | ppa trpC | wurel | yphC

X 866 910 937 945 954 36 957

53 866 910 937 945 954 36 957

BIR (15Y,F) | 866 910 937 945 954 36 957
Ik (14Y, F) 866 910 937 945 954 36 957
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Gastric cancer affects about one million people per year
worldwide, being the second leading cause of cancer
mortality. The study of its etiology remains therefore a global
issue as it may allow the identification of major targets,
besides eradication of Helicobacter pylori infection, for
primary prevention. It has however received little attention,
given its comparatively low incidence in most high-income
countries. We introduce a consortium of epidemiological
investigations named the ‘Stomach cancer Pooling (StoP)
Project. Twenty-two studies agreed to participate, for a total
of over 9000 cases and 23 000 controls. Twenty studies have
already shared the original data set Of the patients, 40% are
from Asia, 43% from Europe, and 17% from North America;
34% are women and 66% men; the median age is 61 years;
56% are from population-based case~control studies, 41%
from hospital-based ones, and 3% from nested case—control
studies derived from cohort investigations. Biological
samples are available from 12 studies. The aim of the

StoP Project is to analyze the role of lifestyle and genetic
determinants in the etiology of gastric cancer through pooled
analyses of individual-level data. The uniquely large data set
will allow us to define and quantify the main effects of each
risk factor of interest, including a number of infrequent
habits, and to adequately address associations in subgroups
of the population, as well as interaction within and between
environmental and genetic factors. Further, we will carry out
separate analyses according to different histotypes and
subsites of gastric cancer, to identify potential different risk
patterns and etiological characteristics. European Journal of
Cancer Prevention 00:000-000 © 2014 Wolters Kluwer
Health | Lippincott Williams & Wilkins.

European Journal of Cancer Prevention 2014, 00:000-000

Introduction

The incidence and mortality of gastric cancer have been
falling at least since the middle of the previous century in
most high-income countries (Shibata and Parsonnet,
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2006; Malvezzi ez af., 2010). This is largely explained by
downward trends in the prevalence of Helicobacter pylori
infection, and by improvements in diet and food
conservation (Peleteiro ez 2/, 2012; Bosetti ez 4/, 2013a).
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The major reductions in the burden of gastric cancer were
however achieved without specific interventions, before
the identification of the major etiologic determinants
(Howson er al., 1986), which led to neglect of this
neoplasm in terms of research and development efforts
(Lunet ez @/, 2004). Still, gastric cancer affects about one
million people per year worldwide, being the second
leading cause of cancer mortality (Bertuccio er 2/, 2009).

Gastric carcinogenesis is a multistep and multifactorial
process, involving both genetic and environmental factors
(Boccia and La Vecchia, 2013). H. pylori infection is a major
recognized risk factor for gastric cancer (International
Agency for Research on Cancer, 1994) and appears to be a
necessary condition for the disease (Peleteiro er 2/, 2012).
"This notwithstanding, not all areas with high prevalence of
H. pylori infection show a high gastric cancer incidence
(Lunet and Barros, 2003). Gastric cancer is a tobacco-
related cancer, and the decreased prevalence of smoking
among men may explain a part of the recent decline in
gastric cancer among men (Ladeiras-Lopes e 2/, 2008).
Diet and related nutrient intake also play an important role
in the causation and prevention of gastric cancer [World
Cancer Research Fund and American Institute for Cancer
Research (WCRF/AICR), 2007]. A joint report from the
WCRF/AICR (2007) concluded that there is ‘probable
evidence’ that high consumption of nonstarchy vegetables
and fruits decreases the risk of gastric cancer, whereas salt
and salted foods are likely to increase the risk. ‘Limited
evidence’ for a role of several other foods was also reported.
Apart from salt, no specific constituent of diet has yet been
identified to explain these associations (Pelucchi & 4/,
2009). With reference to other factors, results have often
been inconsistent (Shibata and Parsonnet, 2006). Similarly,
a few hereditary syndromes and susceptibility genes of
gastric cancer have been identified (Boccia & </, 2008;
Hartgrink e 4/, 2009), but their role is far from being
adequately understood and quantified.

The study of the etiology of gastric cancer remains
therefore a global priority, as it may allow the identification
of major targets, besides H. pylri infection, for the
prevention and control of this major cancer worldwide.
This should include, among others, understanding the
almost two-fold higher risk for (intestinal-type) gastric
cancer among men, despite the small sex differences in the
prevalence of H. pylori infection (De Martel and Parsonnet,
2006; Derakhshan e @/, 2009), the interactions berween
complex dietary exposures, and the etiological differences
between heterogeneous nosological entities jointly referred
to as gastric cancer (i.e. cardia vs. noncardia subsite;
intestinal vs. diffuse histological type).

Various epidemiological consortia have been established
during the last two decades, to pool and analyze data
on risk factors for breast, ovarian, head and neck,
pancreatic, thyroid, and other neoplasms (Burgio e @/,
2013). These allowed us to identify and better quantify

the role of risk factors in various cancers (Collaborative
Group on Hormonal Factors in Breast Cancer, 1997; Fran-
ceschi er @, 1999; La Vecchia e 2/, 1999; Hashibe & 4/,
2007; Galeone & a/., 2010; Bertuccio er /., 2011). However,
no consortial effort has yet been established for gastric
cancer epidemiology. A large number of methodologically
sound case—control studies on this neoplasm have been
conducted over the years, and a concerted strategy for the
joint analysis of these investigations may allow new insights
into the etiology of gastric cancer. Therefore, our aim is to
join several investigators together to set up a consortium of
epidemiological investigations on risk factors for gastric
cancer, named the ‘Stomach cancer Pooling (StoP) Project’.

Our final aim is to examine the role of several lifestyle
and genetic determinants in the etiology of gastric cancer
through pooled analyses of individual-level data, after
central collection and validation of the original data sets.

Methods

Participant studies, data collection, and harmonization
The StoP Project is a consortium of epidemiological
studies on gastric cancer. Inclusion criteria for study
participation are: case—control study design, including
nested case—control within cohort studies, and inclusion
of at least 80 cases of incident, histologically confirmed
gastric cancer (including both cardia and noncardia
locations).

Participating studies were recruited through personal
contacts of participating investigators. Studies were
identified through searches in electronic databases,
including Medline and Embase, backward citation track-
ing, and contact with experts. Principal investigators of
these studies were contacted and invited to participate in
the consortium.

Tables 1 and 2 show the studies included in the StoP
Project, the country of data collection, the number of cases
and controls, and the information available on each study.
In brief, to date (i.e. October 2013), 22 studies from 11
countries have agreed to participate, including a total of
over 9000 patients and 23000 controls. Study participation
was confirmed through a signed data transfer agreement
(DTA) form for 21 of 22 studies, and 20 studies have
already provided the original data set and questionnaire.
Subsequently, we plan to define the final core group of
studies to participate in the first subproject analyses,
while additional studies will be invited to join the
consortium. Table 3 shows the frequency distribution of
patients and controls enrolled in the studies that have
already provided data to the StoP Project, according to sex,
age, and other selected characteristics. Of the patients, 40%
are from Asia, 43% from Europe, and 17% from North
America; 34% are women and 66% men; the median age is
61 years; 56% are from population-based case—control
studies, 41% from hospital-based ones, and 3% from nested
case—control studies from cohort investigations.
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Table 1 List of studies that have agreed to participate in the StoP Project
Study ID Study area(s) Period Study type Investigator(s) References Provided data
1 Milan, ltaly 1985-1997 CC, hospital-based Carlo La Vecchia La Vecchia et al. (1995) X
2 Harbin, China 1987-1989 CC, hospital-based Jinfu Hu Deandrea et al. (2010) X
3 Milan, ltaly 1997-2007 CC, hospital-based Eva Negri, Carlo La Vecchia Lucenteforte et al. (2008) X
4 Rome, ltaly 2006, ongoing  CC, hospital-based Stefania Boccia De Feo et al. (2012) X
5 Four areas, ltaly 1985-1987 CC, population-based Monica Ferraroni, Domenico Palli Buiatti et al. (1989) X
6 Athens, Greece 1981-1984 CC, hospital-based Dimitrios Trichopoulos, Pagona Lagiou et al. (2004) X
Lagiou
7 Eight provinces, Canada 1994-1997 CC, population-based ~ Kenneth C. Johnson Mao et al. (2002) X
8 Taixing, Jiangsu, China 2000 CC, population-based  Lina Mu, Zuo-Feng Zhang Mu et al. (2005) X
9 Moscow, Russia 1996-1997 CC, hospital-based David Zaridze, Dmitry Maximovich Zaridze et al. (1999) X
10 Ardabil, Iran 2004-2005 CC, population-based ~Reza Malekzadeh, Farhad Pourfarzi  Pourfarzi et al. (2009) X
11 Ardabil, Iran 2005-2007 CC, population-based ~ Reza Malekzadeh, Mohammadreza ~ Pakseresht et al. (2011) X
Pakseresht
12 Shanghai, Qingdao, China 1991~1983 CC, population-based  Guo-Pei Yu, Zuo-Feng Zhang Setiawan et al. (2005) X
13 Yangzhong, China 1995 CC, population-based  Guo-Pei Yu, Zuo-Feng Zhang Setiawan et al. (2001) X
14 New York, USA 1992-1994 CC, hospital-based Zuo-Feng Zhang, Robert C. Kurtz Zhang et al. (1999) X
15 Aichi, Japan 2001~2005 CC, hospital-based Keitaro Matsuo, Hidemi Ito Matsuo et al. (2013) X
16 New York, USA 1980-1990 CC, hospital-based Joshua Muscat NA X
17 Porto, Portugal 1999-2006 CC, population-based  Nuno Lunet, Barbara Peleteiro Lunet et al. (2007) X
18 Two counties, Sweden 1998-2010 Cohort, nested CC Alicja Wolk, Nicola Orsini, Andrea Harris et al. (2013) X
(SMC study) Bellavia
19 Ardabil, Iran 2001-2004 CC, hospital-based Reza Malekzadeh, Mohammad Derakhshan et al. (2008) X
Derakhshan
20 Two counties, Sweden 1998-2010 Cohort, nested CC Alicja Wolk, Nicola Orsini, Andrea Harris et al. (2013) X
(COSM study) Bellavia
21 Ten provinces, Spain 2008-2012 CC, population-based  Nuria Aragonés, Vicente Martin, NA
Gemma Castano-Vinyals
22 Five counties, Sweden 1989-1995 CC, population-based ~ Weimin Ye Ye et al. (1999)

CC, case-control; COSM, cohort of Swedish men; NA, not available; SMAC, Swedish mammography cohort; X, the study has already provided the data set.

For each study, we asked for the completion of a study
description form, providing information on the study char-
acteristics, as well as the principal investigator and contact
person. Investigators who agreed to participate provided a
signed D'TA and, thereafter, the complete original data set of
the study. Investigators not wishing to share the complete
data set were invited to provide a set of core variables
including, among others, age, sex, education/social class,
smoking habits, family history of gastric cancer, selected
dietary variables, and — if available — markers of H. pylors
infection. In addition to the data sets, we also collected the
original questionnaires and any useful information to help
with data handling (e.g. codebooks, labels, etc.) from the
participating studies, to optimize data harmonization.

Data harmonization is a complex task. An identification
number is assigned to each study, and then a unique
identification number is defined for each participant, by
combining the study number, the case—control status, and
the original identification number of the participant. We
split the whole body of information into several sections
(e.g. sociodemographic characteristics, smoking habits,
lifetime alcohol use, physical activity, etc.), and created a
project codebook for each topic, reporting which variables
are present in each study, their names and codes. We then
standardized data for the core variables of the project
(reported above), as well as progressively for selected
topics of interest for analyses, as the project evolved by
defining a uniform rule to recode each variable.

Completeness and consistency of the core variables of all
the studies included in the project are centrally

controlled, using ad-hoc developed programs. This will
facilitate the identification of implausible values and
outliers, inconsistencies between related variables (e.g.
nonsmokers reporting number of cigarettes/day), and
random and nonrandom missing values. It will also assist
in checking the overall consistency of the data through
frequency tables, median and mean values, and verifica-
tion of extreme values. For each study, we prepared a set
of tabulations, identified problems, and asked the contact
person to check the data.

Policies

The consortium adopted a few forms to define the terms
for sharing and use of research data, as well as the
authorship policies.

The DTA form sets the terms and conditions of the
agreement between parties, such as the ownership of
original data and of their modifications, methods of data
protection and storage, and date of termination of the
agreement. The original investigators will maintain own-
ership of the data shared with the consortium.

Secretariat functions, thart is, data collection, harmoniza-
tion, and checking, are centralized at a single institution
(IRCCS - Istituto di Ricerche Farmacologiche ‘Mario
Negri’). Within the consortium, working groups are
formed to promote collaborative projects in specific areas
of gastric cancer epidemiological research. Each group
contributing data is invited to actively participate by
developing its own specific subprojects - that is,
proposing itself for the investigation of specific risk
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Table 2 Main characteristics of the 22 studies involved in the StoP Project®

Information collected in the study

Helicobacter
Study Smoking  Alcohol Physical  Coffee/tea Medical Occupational Menstrual and Exogenous Family pylori Biological
D Country Cases Controls Sociodemographic  history  drinking Anthropometry activity consumption Diet history exposures reproductive  hormones  Drugs history infection samples
1 ltaly 769 2081 X X X X X X X X X X X
2 China 266 633 X X X X X X X X
3 ltaly 230 547 X X X X X X X X X X X X
4 Italy 164 444 X X X X X X X X X X X X X X
5 Italy 1016 1169 X X X X X X X X X X X
6 Greece 110 100 X X X X X X X X X X X
7 Canada 1182 5039 X X X X X X X X X
8 China 206 415 X X X X X X X X X X X X
9 Russia 448 610 X X X X X X X X X X X X X
10 Iran 217 394 X X X X X X X X X
11 Iran 286 304 X X X X X X X X X
12 China 951 951 X X X X X X X
13 China 133 433 X X X X X X X X X X X
14 USA 134 132 X X X X X X X X X X X X
15 Japan 12560 3911 X X X X X X X X X X X X X
16 USA 87 261 X X X X X
17 Portugal 692 1667 X X X X X X X X X X X
18 Sweden 88 352 X X X X X X X X X X X
19 . lran 119 119 X "X X
20 Sweden 161 644 X X X X X X - X X X
21 Spain  400° 1800° X X X X X X X X X X X X X X X
22 Sweden 514 1164 X X X X X X X X X X X X X X X

Total 9423 23060

X, available information.

20n the basis of the study description form or reference papers provided by the study investigators.
bApproximate numbers. The study data set is under definition.
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Table 3 Distribution of 8509 patients and 20 096 controls from
20 studies providing data to the StoP Project, according to
selected characteristics®

Characteristic Patients (%) Controls (%)
Sex
Females 2920 (34.3) 8139 (40.5)
Males 5589 (65.7) 11957 (59.5)
Age (years)®
<40 318 (3.8) 1824 (9.2)
40-44 302 (3.8) 1267 (6.4)
45-49 509 (6.2) 1612 (8.1)
5054 817 (9.9) 2150 (10.8)
55-59 1117 (13.5) 2550 (12.8)
60~-64 1341 (16.2) 3022 (15.2)
65-69 1513 (18.3) 3171 (16.0)
70-74 1523 (18.4) 2754 (13.9)
>75 835 (10.1) 1501 (7.6)
Study type
Population-based case-control 4683 (55.8) 10362 (51.9)
Hospital-based case-control 3458 {41.2) 8619 (43.1)
Nested case~control (from a cohort) 249 (3.0) 996 (5.0)
Geographic area
Asia 3428 (40.3) 7060 (35.1)
Europe 3678 (43.2) 7604 (37.8)
North America 14083 (16.5) 5432 (27.0)

#StoP database v.0. Studies no. 21 and 22 were not included as their data sets
are not yet available.

®The full data set of study 12 is still under retrieval. Thus, the sums of the
subgroups of age do not add up to the totals.

factors. Three-monthly conference calls of the Steering
Committee and annual meetings are held to advance
collaboration between groups, discuss results, share
expertise and ideas, propose new research topics, and
discuss further development of the project.

Participation in the StoP Project requires the willingness
to share raw data in collaborative subprojects. However,
for each subproject a specific data-use approval will be
asked from each participating study. This will allow the
investigators to decide each time whether to withdraw
from a specific subproject (e.g. because they want to
publish their results on that issue separately). Authorship
policies have also been defined.

The consortium is regulated by a Steering Committee.
This includes one member from the secretariat and six
other members from different geographic areas, elected
from among the principal investigators of the participat-
ing studies or because of their epidemiological expertise.
The Steering Committee prepares the consortium guide-
lines, assesses and approves working group proposals,
decides on acceptance of new members, and in general
redeems every potential controversy within the consortium.

Statistical methods

We quantify the independent association between several
potential risk factors and gastric cancer using adjusted
odds ratios and the corresponding 95% confidence
intervals, using a two-stage procedure. First, we com-
pute study-specific estimates through logistic regression
models (conditional or unconditional, according to the
design of each study), including terms for relevant
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covariates for each individual subproject. Second, to
calculate summary estimates, the study-specific esti-
mates are included in a fixed-effect or random-effect
model, as appropriate (DerSimonian and Laird, 1986).

We assess heterogeneity between studies using a like-
lihood ratio test. Further, heterogeneity between subgroups
is explored through stratified analyses, in each subproject.
Thus, we compare results across subgroups of age, sex,
education level/social class, type of controls (i.e. population
vs. hospital-based), geographic area (i.e. Europe, Asia,
North America, others), and other strata. Interest is
focused on histological types and subsites of gastric cancer
(i.e. intestinal vs. diffuse histology; cardia vs. noncardia
site).

Missing data are handled by applying multiple imputation
procedures. They are estimated through logistic regres-
sion models, separately for each geographic region and
including in the models terms for case—control status,
age, sex, and study center.

We also perform at least two types of sensitivity analysis:
(i) by excluding one study at a time to evaluate its
influence on the overall results, to ensure that the
statistical significance and magnitude of the summary
estimate are not heavily dependent on a single study;
(ii) by restricting the analyses to studies with information
on H. pylori infection of controls, and comparing H. pylori-
seropositive controls with all gastric cancer cases,
regardless of their H. pylori serostatus, under the
assumption that H. pylori is a necessary cause for gastric
cancer (Peleteiro e al., 2012; Bonequi e a/., 2013).

Forest plots presenting results for individual studies are
provided, to guarantee transparency.

Pooled analyses on dietary and other lifestyle factors
We will analyze the role of those foods (or food groups)
and nutrients with indications in the literature of a
potential protective role against gastric cancer (e.g. fruit
and vegetables, vitamin G, carotenoids, etc.), as well as
those that are likely to increase the risk for this neoplasm
(c.g. starchy and salty foods, red and processed meat,
carbohydrates, etc.; Shibata and Parsonnet, 2006).

Selected dietary factors, including folate intake (Boccia
et al., 2008), will also be investigated together with their
interaction with genetic susceptibility and family history,
tobacco smoking, and other identified risk factors.

Other relevant factors considered include lifetime
tobacco smoking and alcohol consumption; overweight
and obesity at different ages; physical activity; socio-
economic status; history of gastric or duodenal ulcers and
of gastroesophageal acid reflux disease; use of histamine-
2-receptor antagonists, proton-pump inhibitors, and
aspirin; and occupational exposures. For women, we also
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investigate menstrual and reproductive factors and
exogenous hormones.

Biological materials and methods

Among the 22 studies included, 12 reported collection of
biological samples. Among them, three had frozen blood
samples from patients and controls, five had stored DNA
from entire blood samples/lymphocytes, and 10 had
frozen serum and/or plasma samples. In addition,
paraffin-embedded tissue samples of gastric cancer
mucosa are, in principle, available from all the participat-
ing studies for the surgical cases, whereas freshly frozen
tssues and/or frozen tissue preserved in dedicated
preserving reagents are available only from two studies.

As shipment policies for biological samples outside the
country of each participating center vary widely, the StoP
Project in principle does not aim to pool individual
samples centrally unless specifically requested from
dedicated projects. However, the consortium will set up
a data set including all the following information from
each center:

(1) Reference single nucleotide polymorphisms (SNP)
number(s) for the SNP investigated within candidate
gene studies or genome-wide association studies
(GWAs), along with the distribution of allelic variants
among the compared groups.

(2) Gene expression profile(s) available, along with the
expression levels among the compared groups.

(3) microRNA, along with their expression levels among
the compared groups.

(4) H. pylori infection status and genotyping results (e.g.
CagA positive/negative, VacA m1/m2, etc.) from
gastric tissue samples.

(5) Any biochemical biomarkers investigated (e.g. folic
acid levels, pepsinogen).

Discussion

This project takes advantage of the experience gained by
several principal investigators participating in the Interna-
tional Head and Neck Cancer Epidemiology (INHANCE)
consortium (Hashibe ez @/, 2007; Conway ez 2., 2009), and
other similar ones (Kamper-Jorgensen e 2/, 2013; Bosetti
et al., 2013b).

The StoP Project examines several dietary, nondietary,
and genetic risk factors for gastric cancer, taking
advantage of a large data set with original information
from various geographic areas. The role of environmental
and lifestyle risk factors in gastric carcinogenesis is in fact
not well quantified (Shibata and Parsonnet, 2006).
Further, the associations may vary according to the gastric
subtype. For example, heavy alcohol drinking might be
positively associated with gastric noncardia, but not
gastric cardia, adenocarcinoma (Tramacere e 4/, 2012),
although not all studies are consistent with this finding

(Zaridze ¢ al., 2000). In contrast, overweight and obesity
might increase gastric cardia cancer risk only (Yang e o/,
2009).

We will also be in a position to investigate the role of a
number of infrequent habits that cannot be examined in
the single studies because of the relatively low number of
exposed subjects. For example, we plan to consider the
roles of pipe and cigar smoking, as well as of time since
smoking and alcohol drinking cessation.

"This study has the potential to improve the knowledge on
the etiopathogenesis of stomach cancer through the
identification of genetic variants associated with stomach
cancer risk. In particular, the StoP Project aims to:
(1) carry out pooled analysis on SNPs that have already
been genotyped in studies of the consortium, starting
from those significant from GWAs (replication study);
(i1) perform investigations on the effect of gene—environment
interactions on gastric cancer risk by selecting the available
SNPs in association with potentially modifiable environ-
mental risk factors; (iii) apply for funding within GWAs
(replication study) on gastric cancer by pooling individual
DNA/frozen blood samples; (iv) apply for funding to
address the role of microRINA as a diagnostic tool in gastric
cancer by pooling individual serum samples.

The major strength of the project is its collaborative
framework, and thus the large number of cases available
for analysis. This will allow us to examine separately, with
adequate statistical power, the role of the above-reported
risk factors in gastric cancer overall, as well as in different
gastric cancer histological types (mainly intestinal vs.
diffuse type) and subsites. Besides gastric cardia, we also
plan to investigate differences between cancers of the
fundus/body and pylorus.

The assessment of H. pylori infection in case—control
studies is problematic. Blood samples obtained at
stomach cancer diagnosis are of limited value, as the
infection tends to decrease with the progression of
the neoplastic disease (Shibata and Parsonnet, 2006;
Peleteiro er al., 2012). In addition, serological methods
(mostly ELISA) used in old studies did not cover all
antigenic parts of H. pylori, yielding inaccurate results.
Another possible reason for lower H. pylori infection rates
in surgical specimens from patients who have undergone
gastrectomy is prophylactic antibacterial therapy, which
may cause H. pylori infection rates to fall in the
specimens. Thus, whereas almost all gastric cancer cases
(at least noncardia ones) are attributable to chronic
H. pylori infection, some cases show seronegative results
on H. pylori testing. Therefore, in studies in which
information on H. pylri infection is available, when
assessing the effects of other risk factors we will conduct
sensitivity analyses assuming that all patients with gastric
cancer have been infected, comparing them only with
seropositive controls, assuming that only these patients
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would be at risk for developing gastric cancer if H. pylori
infection is a necessary condition for it.

Information and selection bias are other potential limi-
tations related to the case—control design of the studies
included in the project (excluding nested case—control
studies from cohort investigations), and confounding also
needs to be addressed. To overcome these problems,
multivariate analyses will be carried out, adjusting for a
set of core variables known or suspected to influence
gastric cancer risk, besides specific factors for each
investigation. Stratified analyses will also be carried out
according to covariates, such as study design (i.e. original
or nested case—control study) and source of controls (i.e.
hospital-based, population-based) and other relevant
factors, including geographic area.

Pooled analyses of individual-level data have several
advantages over systematic reviews (Blettner e a4/,
1999). In particular, the individual-level data approach
allows harmonization of information and analyses, con-
sistency of adjustment terms and multivariate models,
and efficient investigation of heterogeneity and interac-
tion between covariates (loannidis ez /., 2013).

Conclusion

The uniquely large data set available will allow us not
only to define and quantify more precisely than
previously possible the main effects of each risk factor
of interest, but also to adequately address interactions
within and between environmental and genetic factors.
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The impact of alcohol on the risk of stomach cancer is controver-
sial. Although aldehyde dehydrogenase 2 (ALDH2) Glu504Lys
(rs671) polymorphism has a strong effect on acetaldehyde
metabolism, little is known about its impact on stomach cancer
risk when combined with alcohol drinking. This case-control
study included a total of 697 incident stemach cancer case sub-
jects and 1372 non-cancer control subjects who visited Aichi
Cancer Center between 2001 and 2005. We estimated odds ratios
(OR) and 95% confidence intervals (CI) for ALDH2 genotypes
and alcohol consumption using logistic regression models after
adjustment for potential confounders, including Helicobacter
pylori infection. The ALDH2 504Lys allele was associated with
the risk of stomach cancer, with adjusted ORs of 1.40 (95% CI,
1.11-1.76) for Glw/Lys and 1.73 (1.12-2.68) for Lys/Lys com-
pared with Glu/Glu. Heavy drinking was associated with risk
(OR 1.72, 1.17-2.52) after adjustment for ALDH2 genotype and
other confounders, Moreover, ORs for heavy drinking were 1.28
(0.77-2.12) for those with ALDH2 Glu/Glu and 3.93 (1.99-5.79)
for those with the ALDH2 Lys allele relative to non-drinkers with
the Glu/Glu genotype (P for interaction = 0.0054). In conclusion,
ALDH?2 and alcohol drinking showed interaction for risk factors
of stomach cancer, indicating that acetaldehyde plays a role in
stomach carcinogenesis.

Introduction

Alcohol consumption is an established risk factor for cancers of the
upper aero-digestive tract (UADT) (1-3), majority of them are squa-
mous cell carcinoma. One major hypothesized mechanism behind
alcohol-related carcinogenesis in the UADT is the involvement of
acetaldehyde, a metabolite of ethanol. Aldehyde dehydrogenase 2
(ALDH?2) is a key enzyme in acetaldehyde metabolism, and molecu-
lar epidemiologic studies in East Asia (4-11), where the functional
ALDH?2 Glu504Lys (rs671) polymorphism is prevalent, have con-
tributed to the conclusion that acetaldehyde has a substantial impact
on carcinogenesis in humans as a result of its strong interaction with
alcohol drinking (3).

To date, the association between alcohol consumption and gastric
cancer, of which majority are adenocarcinoma, has been controversial.

Abbreviations: AG, atrophic gastritis; ALDH2, aldehyde dehydrogenase 2;
OR, odds ratios; CI, confidence intervals; PG, pepsinogen; PY, pack years;
UADT, upper aero-digestive tract.

A recent meta-analysis showed no appreciable association of moder-
ate alcohol drinking with stomach cancer, but it did find a suggestive
association between heavy drinking and non-cardia adenocarcinoma
(12). Although it has -been hypothesized that acetaldehyde contrib-
utes to gastric carcinogenesis, as it does for UADT cancer (13,14),
evidence for this association to date has been limited (15-18). Taken
evidences of no association between esophageal adenocarcinoma risk
and alcohol in mind (19,20), there may not be neither association nor
interaction. Anyhow, it is worth to be evaluated in the population in
which functionally validated ALDH?2 polymorphism is prevalent.

In this study, we investigated the association between ALDH?2
Glu504Lys (rs671) polymorphism and aicohol consumption and risk
of stomach cancer in Japanese population.

Materials and methods

Study population

The case participants were 697 patients with no history of cancer who were
histologically diagnosed with stomach cancer between January 2001 and
December 2005 at Aichi Cancer Center Hospital in Japan. All participants
were recruited under written informed consent within the framework of the
Hospital-based Epidemiologic Research Program at Aichi Cancer Center (21—
23), and all provided blood samples. Among the 697 subjects, 684 (98.1%)
were histologically confirmed as adenocarcinoma. Among 684 cases, 379 were
diffuse type and 305 were intestinal type.

The control subjects were 1372 first-visit outpatients during the same period
who were confirmed to have no cancer and no history of neoplasms. Non-cancer
status was confirmed by medical examinations, including radiographic exami-
nations, with participants suspected of having stomach cancer first examined
by physical or endoscopic inspection, and subsequently radiographically when
indicated. Controls were selected randomly and were individually matched by
age (+5 years) and sex (male and female) with a case-control ratio of 1:1-2.
A total of 2069 participants (697 cases and 1372 controls) were included in this
study. Response rate was over 95% for both case and control subjects. The study
was approved by the institutional ethical committee of Aichi Cancer Center.

Information on alcohol consumption

Information on alcohol consumption was collected from first-visit outpatients
aged 20-79 years using a self-administered questionnaire. Each participant
was asked at the time of first visit to our hospital about their alcohol con-
sumption before the development of the current symptoms, which made them
visit our hospital. For the present analyses, lifetime alcohol consumption of
various common beverages (Japanese sake, beer, shochu, whiskey and wine)
was determined in terms of the average number of drinks per day. which was
then converted into a Japanese sake (rice wine) equivalent measure of 180ml;
termed a go, this is standard measure in Japan and contains 23 g of ethanol.
Drinking status was classified into the four categories of never drinker, light
drinker (fewer than S days per week, fewer than 2 go per day), moderate
drinker (5 or more days per week, fewer than 2 go per day) and heavy drinker
(5 or more days per week, 2 or more go per day).

Evaluation of other lifestyle factors

Information on smoking status was obtained in the three categories of non-
smoker, former smoker and current smoker, with former smokers defined as
those who had quit smoking at least 1 year before study enrolment. Cumulative
exposure to smoking was categorized into five groups by pack years (PY),
the product of the number of packs of cigarettes smoked per day and the
number of years of smoking, namely as never, PY < 20, PY < 40, PY < 60
and PY 60 or more. Consumption of fruits and vegetables was determined
using a food frequency questionnaire, which included 43 single food items
in eight frequency categories (24). The food frequency questionnaire was
validated using a 3 day weighed dietary record as standard, which showed
that reproducibility and validity were satisfactory (25,26). Participants were
divided into three groups based on the distribution of fruit and vegetable
consumption among controls (tertiles).

Assessment of Helicobacter pylori infection and atrophic gastritis

Allcases were examined for plasma IgG levels for Helicobacter pylori (H.pylori)
using a commercially available direct enzyme-linked immunosorbent assay
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kit (‘E Plate “Eiken” H.pylori Antibody’; Eiken Kagaku, Tokyo, Japan). This
enzyme-linked immunosorbent assay kit was developed in Japan using an anti-
gen extracted from the domestic strain in Japan and is commonly used in medi-
cal studies in this country (27,28). A positive status for H.pylori infection was
defined as an H.pylori IgG antibody level >10U/ml in serum (27,28). Serum
pepsinogens (PGs) were measured by chemiluminescence enzyme immunoas-
say, and gastric mucosal atrophy was defined by a PG I value <70ng/ml and
PG /PG II < 3ng/ml (29-31).

Examination of ALDH2 Glu504Lys (rs671) polymorphism

DNA of each subject was extracted from the buffy coat fraction using a DNA
blood mini kit (Qiagen). Genotyping for the ALDH2 Glu504Lys polymor-
phism (rs671) was based on TagMan Assays by Applied Biosystems (Foster
City, CA). In our laboratory, the quality of genotyping is routinely assessed
statistically using the Hardy—Weinberg test and by retyping of a random sam-
pling of 5% of subjects.

Data analvses

To assess the association between ALDH?2 polymorphism and alcohol con-
sumption in the risk of stomach cancer, we estimated the odds ratios (OR) and
corresponding 95% confidence intervals (CI) using multiple logistic regres-
sion models. First. we evaluated the impact of ALDH2 polymorphism and
alcohol drinking separately using all subjects. For this analysis, conditional
logistic regression models included terms for cumulative exposure to smok-
ing, fruit/vegetable intake and H.pvlori infection. We examined a model that
separately evaluated ALDH2 genotype and alcohol drinking and a second
model that included both. Further, we evaluated possible effect modification
by ALDH2 polymorphism on the impact of alcohol consumption; for this
analysis, we used unconditional logistic regression models adjusted for the
same covariates as for the overall analysis. Effect modification was assessed
by the likelihood ratio test between the models with and without interaction
terms between the ALDH2 polymorphism and alcohol consumption. We
defined interaction term as a product of ALDH2 polymorphism (Lys allele
carrier = 1 and wild-type homozygote = 0) and alcohol consumption as a con-
tinuous variable (never = 0, low = 1, moderate = 2 and heavy = 3); therefore,
degree of freedom in the tests was 1. Consistency of the interaction between
ALDH? polymorphism and alcohol consumption was assessed by stratified
analysis according to the strata of the particular covariate considered with
the model including three-way interaction term among ALDH2 polymor-
phism, alcohol consumption and stratifying factor. Association between the
combination of ALDH2 polymorphism and alcohol consumption and atrophic
gastritis (AG) was evaluated in a multivariate unconditional logistic model
among control subjects. Covariates considered in the model were the same as
that for stomach cancer risk, except with regard to the status of AG. Missing
values for covariates were treated as dummy variables in the models. All
analyses were performed using Stata SE version 11.2 (STATA Corp, College
Station, TX).

Results

Demographic characteristics and selected lifestyle habits of partici-
pants are shown in Table I. Age and sex were appropriately matched.
The proportion of smokers was higher in cases than in controls. Cases
were exposed to a higher smoking dose than controls. Prevalence of
H.pylori infection was 82.2% in cases and 54.2% in controls. Fruit/
vegetable intake between the two groups showed no apparent marked
difference (27.28).

Table II presents the association between alcohol drinking and
ALDH2 15671 polymorphism and stomach cancer. We explored three
models: model 1, a crude model; model 2, a confounder-adjusted
mode] that evaluated alcohol drinking and ALDH?2 rs671 polymor-
phism separately and model 3, a complete model that included alco-
hol drinking and ALDH2 polymorphism together. In model 3, ORs
for drinking relative to non-drinking were 1.04 (0.77-1.40) for light,
1.15 (0.82-1.61) for moderate and 1.72 (1.17-2.52) for heavy drink-
ing, indicating a dose-dependent positive association. This association
remained significant after the exclusion of former drinkers from anal-
ysis (data not shown). The association between ALDH2 rs671 poly-
morphism was significant in model 3, with ORs relative to Glu/Glu,
the normal enzyme activity genotype, of 1.40 (1.11-1.76) for Glu/
Lys, 1.73 (1.12-2.68) for Lys/Lys and 1.42 (1.13-1.79) for the Lys
allele carrier after adjustment for alcohol drinking. Although smoking
and H.pylori status are potential sources of confounding for the effect

Alcohol and ALDH? rs671 in risk of stomach cancer

Table I. Subject characteristics

Overall Cases Controls
No. 697 % No. 1372 %

Sex

Male 521 74.7 1028 74.9

Female 176 253 344 25.1
Age (years)

<40 34 4.9 146 10.6

40-49 72 10.3 154 11.2

50-59 245 35.2 429 31.3

60-69 210 30.1 435 317

>70 136 19.5 208 152
Smoking status

Never 222 31.9 538 39.2

Former 181 26 403 294

Current 204 422 430 313

Unknown 0 0 ! 0.1
PY

Never 222 31.9 539 39.3

<20 99 14.2 286 20.9

<40 160 23.0 272 19.8

<60 117 16.8 153 11.2

60 or more 92 132 113 8.2

Unknown 7 1.0 9 0.7
Alcohol consumption

Never 228 32.7 452 32.9

Light 167 24.0 412 30.0

Moderate 159 22.8 316 23.0

Heavy 132 18.9 177 12.9

Unknown 11 1.6 15 1.1
Fruit/vegetable intake

Lowest tertile 263 37.7 446 325

(<114.0 g/day)

Middle tertile 208 29.8 445 324

(<199.96 g/day)

Highest tertile 209 30 445 324

(2199.96 g/day)

Unknown 17 2.4 36 2.6
Family history of gastric cancer

Yes 153 22 239 17.4

No 544 78 1133 82.6
H.pylori IgG test

Positive 124 17.8 628 45.8

Negative 573 82.2 744 54.2
AG defined by PG testing

Negative 262 37.6 893 128.1

Positive 434 62.3 479 68.7

Unknown 1 0.1 0 0
Histologic classification

Diffuse 379 54.4 —_—

Intestinal 305 43.8 e

Unknown 13 1.9 —

of alcohol drinking, we did not observe clear evidence of confounding
between these factors and ALDH?2 rs671 polymorphism.

Table III shows results for the interaction of ALDH2 rs671
polymorphism with alcohol consumption on the risk of stomach
cancer. Among ALDH2 Gluw/Glu, there was no statistically
significant association. In contrast, heavy drinking among ALDH?2
Lys allele carriers showed a statistically significant association,
with ORs among ALDH2 Lys+ subjects of 0.79 (0.55-1.11) for
light, 1.18 (0.80-1.75) for moderate and 2.37 (1.37-4.12) for heavy
drinking relative to non-drinking with ALDH?2 Glu/Glu. A significant
interaction between drinking and ALDH2 Lys allele was seen
(P-interaction = 0.0054). We further evaluated the consistency of the
gene—environment interaction between the ALDH?2 Lys allele and
alcohol drinking across strata of confounders. As shown in Table IV,
interaction between the two factors was consistently observed, with
some exception like fruit and vegetable consumption and H.pylori
status.
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Table II. Association between ALDH?2 genotype and drinking and stomach cancer risk

Case Control Model 1* Model 2° Model 3¢
OR (95% CD® OR (95% CI)® OR (95% CI)®
Level of drinking
Non-drinker 228 452 Reference Reference Reference
Ever drinker
Light 167 412 0.81 (0.63-1.04) 0.89 (0.67-1.17) 1.04 (0.77-1.40)
Moderate 159 316 1.03 (0.79-1.34) 0.92 (0.68-1.24) 1.15(0.82-1.61)
Heavy 132 177 1.52 (1.14-2.04) 1.29 (0.92-1.80) 1.72(1.17-2.52)
Unknown subjects 11 15
ALDH?2 genotype®
Glw/Glu 310 683 Reference Reference Reference
Lys+ 386 689 1.24 (1.03-1.49) 1.27 (1.04-1.56) 1.42 (1.13-1.79)
Glu/Lys 323 580 1.23 (1.02-1.49) 1.25(1.01-1.54) 1.40 (1.11-1.76)
Lys/Lys 63 109 1.27 (0.91-1.78) 1.42 (0.98-2.08) 1.73 (1.12-2.68)

*Crude ORs by the conditional logistic regression model.

YORs were calculated by a conditional logistic regression model adjusted for PY of smoking, fruit/vegetable intake, family history of gastric cancer, gastric

atrophy defined by serological PG testing and H.pylori status.

“ORs were calculated by unconditional logistic regression model adjusted for age, sex, PY of smoking, fruit/vegetable intake, family history of gastric cancer,
gastric atrophy defined by serological PG testing, H.pylori status, levels of drinking and ALDH? genotypes.

9One case was excluded because ALDH?2 genotype was not defined.

Table III. Association between ALDH?2 genotype and drinking and stomach cancer risk®

Level of drinking ALDH?2 Glw/Glu ALDH?2 Lys+ P-interaction
Case Control OR (95% CI Case Control OR (95% CI)®
Non-drinker 49 112 Reference 179 340 1.24 (0.82-1.90) 0.0054
Ever drinker
Light 87 208 1.07 (0.67-1.70) 80 204 1.03 (0.63-1.67)
Moderate 79 208 0.89 (0.54-1.44) 80 108 1.57 (0.94-2.64)
Heavy 87 145 1.28(0.77-2.12) 44 32 3.03 (1.59-5.79)
Unknown subjects 8 10 3 5

2One case was excluded because ALDH? genotype was not defined.

°ORs were calculated by an unconditional logistic regression model adjusted for age, sex, PY of smoking, fruit/vegetable intake, family history of gastric cancer,

gastric atropy defined by serological PG testing and H.pvlori status.

Table V explores the interaction between ALDH?2 genotype and
alcohol drinking with regard to the prevalence of AG among non-
cancer controls. Association with alcohol drinking was not significant.
In analysis of the combination of ALDH2 and alcohol drinking, heavy
drinking with ALDH?2 Lys+ showed an OR of 4.50 (1.51-13.43,
P = 0.007) relative to non-drinkers with ALDH?2 Glu/Glu, whereas
that of heavy drinking with ALDH2 Glu/Glu was 1.48 (0.74-2.98).
The sources of confounding were age. sex, smoking status and
H.pylori status.

Discussion

In this large case-control study, we found a significant interaction
between the ALDH?2 Lys allele and alcohol consumption after adjust-
ment for H.pylori infection, cumulative exposure to smoking, and
fruit/vegetable intake. Subjects with the ALDH?2 Lys allele who drank
heavily showed a >2-fold higher risk than those with ALDH2 Glu/
Glu genotype who did not drink. A similar phenomenon was observed
with regard to the prevalence of AG among non-cancer controls.
ALDH?2 is a key enzyme that catalyzes acetaldehyde into acetate.
The polymorphism Glu504Lys (rs671) has sufficient functional
strength to influence many alcohol-related conditions (4,18,32). We
first described a strong gene—environment interaction between alco-
hol drinking and the ALDH2 Glu504Lys polymorphism in esophageal
cancer risk (4), and subsequent studies, including our own, confirmed
the same phenomenon in UADT cancers (5~11). This line of epidemi-
ological evidence for an interaction between these two factors finally
lead to the conclusion that ‘acetaldehyde associated with alcoholic
beverages’ was Group 1 by the International Agency for Research on
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Cancer (3). Although the effect size of ALDH?2 or alcohol drinking
was smaller than those for UADT cancers, our results are consistent
with the phenomenon seen in UADT cancers, indicating the substan-
tial attribution of acetaldehyde to stomach carcinogenesis, as previ-
ously hypothesized (13,14).

To date, several studies have evaluated the association between
ALDH?2 rs671 polymorphism and risk of stomach cancer (15—
18,33,34). However, these studies did not examine the interaction with
detailed information on alcohol consumption. A recent study from
Korea reported a similar phenomenon among 454 cases and 370 con-
trols (17). Interestingly, a very recent study from Europe reported that
a polymorphism in ALDHZ, rs16941667, showed an allelic OR of 1.34
in a European population. But the interaction between rs16941667 and
alcohol consumption is not remarkable, possibly because rs16941667
has less functional impact than rs671. In any case, their finding might
indicate a substantial contribution of ALDH2 to stomach carcinogen-
esis across ethnicities. Clarification of the role of alcohol in gastric car-
cinogenesis awaits further studies of possible gene—gene interactions
between the ALDH?2 and alcohol dehydrogenases genes.

In this study, we also explored the potential contribution of ALDH2—
alcohol interaction in AG, which has been established as a pre-cancer-
ous stage of stomach cancer (28,35,36). We defined AG status by PG
I and I Jevels, which reflect the secretary function of gastric glands. We
observed that the impact of heavy drinking was stronger in those with
ALDH? Lys+ compared with ALDH2 Glu/Glu, albeit that the statistical
interaction was not significant. This finding might suggest that acet-
aldehyde plays a role in gastric carcinogenesis from the AG stage via
induction of mutagenic adducts as reported (14) in the gastric mucosa.
Against this, however, contradicting results have been reported from
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Table IV. OR for heavy drinking compared with non-drinking stratified by potential confounders

P-heterogeneity

Stratified by Glu/Glu Lys+
Non-drinker Light Moderate Heavy Non-drinker Light Moderate Heavy
OR (95% CI)* OR (95% CI)* OR (95% CI)* OR (95% CI)" OR (95% CI)* OR (95% CI)* OR (95% CI)* OR (95% CI)*

Overall Reference 1.07 (0.67-1.70) 0.89 (0.54-1.44) 1.28 (0.77-2.12) .24 (0.82-1.90) 1.03 (0.63-1.67) 1.57 (0.94-2.64) 3.03 (1.59 (5.79)
Sex

Male Reference 1.10 (0.45-2.69) 1.04 (0.43-2.52) 1.43 (0.59-3.47) 1.42 (0.59-3.38) 1.16 (0.48-2.82) 1.85 (0.76-4.52) 3.47 (0.76-4.52)

Female Reference 1.38 (0.72-2.67) 0.69 (0.26-1.80) 3.72 (0.52-26.7) 1.29 (0.75-2.20) 1.02 (0.43-2.41) 1.13 (0.16-7.90) 2.63 (0.16-7.90)
Age category

<60 - Reference 0.67 (0.34-1.34) 0.68 (0.34-1.38) 1.33 (0.64-2.76) 1.29 (0.70-2.39) 1.20 (0.60-2.40) 1.32 (0.61-2.87) 1.71 (0.67-4.37)

60 or more Reference 1.64 (0.85-3.19) 1.07 (0.54-2.14) 1.18 (0.57-2.44) 1.17 (0.65-2.12) 0.81 (0.40-1.65) 1.82 (0.89-3.70) 4.99 (1.94-12.8)
Smoking status

chef Reference 1.15 (0.65-2.06) 1.05 (0.53-2.07) 1.08 (0.42-2.77) 1.16 (0.71-1.89) 1.22 (0.61-2.43) 1.66 (0.65-4.25) 2.50 (0.69-9.06)

Ever Reference 1.10 (0.39-3.09) 0.93 (0.33-2.61) 1.63 (0.58-4.56) 1.60 (0.58-4.39) 1.12 (0.40-3.13) 1.84 (0.65-5.18) 3.89 (1.27-11.9)
Fruit/vegetable intake

Lowest tertile Reference 0.45 (0.19-1.04) 0.47 (0.19-1.20) 0.51 (0.21-1.21) 0.84 (0.38~1.86) 0.48 (0.20-1.16) 0.79 (0.31-1.99) 0.95 (0.31--2.84)

Middie tertile Reference 1.69 (0.67-4.25) 1.59 (0.63-4.06) 242 (0.93-6.27) 1.42 (0.61-3.27) 1.99 (0.76-5.03) 1.67 (0.62-4.51) 4.94 (1.60-15.3)

Highest tertile Reference 1.36 (0.62-2.95) 0.89 (0.39-2.06) 1.64 (0.60-4.51) 1.58 (0.80-3.14) 1.27 (0.56-2.91) 2.78 (1.12-6.87) 9.89 (2.16-45.3)
H.pylori

Positive Reference 1.21 (0.71-2.08) 1.14 (0.65-1.98) 1.49 (0.83-2.64) 1.60 (0.8-2.61) 1.12 (0.64--1.97) 2.44 (1.35-4.42) 3.87 (1.82-8.24)

Negative Reference 0.79 (0.30-2.10) 0.52 (0.18-1.53) 0.87 (0.29-2.57) 0.57 (0.24-1.40) 0.79 (0.29-2.14) 043 (0.12-1.51) 1.89 (0.50-7.11)
AG defined by PG test

Positive Reference 1.00 (0.53-1.89) 1.11(0.58-2.13) 1.18 (0.59-2.35) 1.26 (0.71-2.23) 0.92 (0.47-1.82) 1.75 (0.87-3.54) 2.35 (0.99-5.58)

Negative Reference 1.38 (0.67-2.83) 0.73 (0.33-1.63) 1.56 (0.72-3.37) 1.46 (0.76-2.82) 1.27 (0.61-2.66) 1.84 (0.82-4.15) 595 (2.17-16.3)
Family bistory of gastric cancer

Yes Reference 0.58 (0.19-1.76) 047 (0.14-1.54) 1.40 (0.42-4.62) 0.64 (0.23-1.73) 045 (0.14-1.41) 1.30 (0.40-4.25) 3.42(0.82-14.2)

No Reference 1.24 (0.74-2.09) 1.01 (0.59-1.73) 1.22 (0.69-2.14) 1.44 (0.90-2.31) 1.23 (0.72-2.12) 1.58 (0.88-2.84) 2.86 (1.37-5.94)
Histology"

Diffuse Reference 111 (0.64-1.95) 0.97 (0.54-1.76) 1.68 (0.92-3.08) 1.50 (0.92-2.46) 1.19 (0.66-2.13) 2.00 (1.07-3.74) 3.76 (1.74-8.14)

Intestinal Reference 0.89 (0.44-1.79) 0.66 (0.32-1.35) 0.82 (0.39-1.73) 0.82 (0.43-1.58) 0.66 (0.31-1.37) 1.04 (0.49-2.20) 1.96 (0.81-4.71)
Location of stomach cancer

Upper? Reference 0.48 (0.03-8.53) 0.89 (0.07-11.7) 2.25(0.20-25.9) 1.47 (0.15-14.3) 3.57 (0.36-35.8) 145 (0.10-20.3) 4.32 (0.29-64.6)

Others Reference 1.09 (0.68-1.75) 0.89 (0.55-1.46) .26 (0.76-2.10) 1.24 (0.81-1.90) 0.98 (0.60-1.60) 1.58 (0.94-2.67) 2.89 (1.51-5.56)

0.823

0.751

0.187

0.023

0.097

0.808

0.483

NE¢

NE*

20Rs were calculated by an unconditional logistic regression model adjusted for age, sex, PY of smoking, fruit/vegetable intake, family history of gastric cancer, gastric atrophy defined by serological PG testing

and H.pylori status.

“One case was excluded from analysis because of undefined histology.
NE indicates not evaluable.

dUpper stomach cancer includes ICD O3T C16.0 (cardia, NOS, n=21) and C16.1 (fundus of stomach, n = 3).
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Table V. Associations between ALDH? genotype and drinking and AG prevalence among controls

Level of drinking Overall Combined with ALDH2 genotype
ALDH?2 Glw/Glu ALDH?2 Lys+
AG Non-AG OR (95% CI) AG Non-AG OR (95% CI) AG Non-AG OR (95% CI)®

Non-drinker 163 289 Reference 39 73 Reference 124 216 1.65 (0.92-2.93)
Ever drinker

Light 128 284 0.99 (0.68-1.44) 68 140 1.71 (0.90-3.25) 60 144 1.27 (0.66-2.44)

Moderate 119 197 1.20 (0.81-1.79) 76 132 1.67 (0.88-3.17) 43 65 2.10 (1.00-4.41)

Heavy 66 111 1.19 (0.73-1.92) 51 94 1.48 (0.74-2.98) 15 17 4.50(1.51-13.43)
Unknown subjects 3 12 1 9 2 3

2One case was excluded because ALDH? genotype was not defined.

50Rs were calculated by an unconditional logistic regression model adjusted for age, sex, PY of smoking, fruit/vegetable intake, family history of gastric cancer

and H.pylori status.

Germany (37). In their population-based study in 9444 older adults, Gao
et al. (37) found that alcohol drinking was associated with a reduced
risk of AG, which they explained as due to the potentially bactericidal
effect of alcohol. The attribution of ALDH2 or alcohol consumption to
gastric carcinogenesis thus remains to be elucidated.

This study had several methodological strengths. First, potential
confounding by age, sex, smoking, fruit/vegetable intake, H.pylori
infection and gastric atrophy status was considered by individual
matching and statistical adjustment in the analyses. In particular,
the consideration of H.pylori infection warrants the robustness of
our observation. Second, as the ALDHZ2 genotype does not change
throughout life, we can assume that the impact of ALDH2 polymor-
phism is subject to Mendelian randomization. Third, the size of the
study was large. and the food frequency questionnaire was satisfacto-
rily valid and reproducible (17,18). Potential limitations of this study
also warrant mention. First, measurement of alcohol drinking might
have been affected by the status of cases at recruitment. To avoid this,
we asked about drinking behavior when the participants were healthy
or before the current symptoms developed. Second, the control par-
ticipants were selected from among non-cancer patients at our hospi-
tal. Because cases and controls were selected from the same hospital
and almost all patients lived in the Tokai area of central Japan, the
internal validity of this case-control study is likely acceptable (21).
In addition, to dilute any bias that might have resulted from the inclu-
sion of a specific diagnostic group that is related to the exposure,
we did not set eligibility criteria for control diseases. Finally, it is
difficult to completely rule ont misclassification of H.pylori infec-
tion status or AG status by plasma measurement. or lifestyle factors
considered as potential confounders based on self-reporting. If pre-
sent, however, the effect of such misclassification in relation to pos-
sible under-adjustment would be limited, particularly considering the
consistency of results across stratified analyses by several potential
confounders.

In conclusion, we found that ALDH?2 and alcohol drinking interact
with each other in the risk of stomach cancer. This finding indicates a
substantial role of acetaldehyde in carcinogenesis in the stomach, as
has already been shown for cancers of the UADT.
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