CagA+ Helicobacter pylori infection and gastric cancer risk
in the EPIC-EURGAST study
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Helicobacter pylori (H. pylori), atrophic gastritis, dietary and life-
style factors have been associated with gastric cancer (GC). These
factors have been evaluated in a large case—control study nested in
the European Prospective Investigation into Cancer and Nutrition
carried out in 9 countries, including the Mediterranean area. Par-

ticipants, enrolled in 1992-1998, provided life-style and dietary in-
formation and a blood sample (360,000; mean follow-up: 6.1
years). For 233 GC cases diagnosed after enrolment and their 910
controls individually-matched by center, gender, age and blood
donation date H. pylori antibodies (antilysate and antiCagA) and
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plasma Pepsinogen A (PGA) were measured by ELISA methods.
Severe chronic atrophic gastritis (SCAG) was defined as PGA cir-
culating levels <22 pg/l. Overall, in a conditional logistic regres-
sion analysis adjusted for education, smoke, weight and consump-
tion of total vegetables, fruit, red and preserved meat, H. pylori
seropositivity was associated with GC risk. Subjects showing only
antibodies anti-H. pylori lysate, however, were not at increased
risk, while those with antiCagA antibodies had a 3.4-fold
increased risk. Overall, the odds ratio associated with SCAG was
3.3 (95% CI 2.2-5.2). According to site, the risk of noncardia GC
associated with CagA seropositivity showed a further increase
(OR 6.5; 95% CI 3.3-12.6); on the other hand, a ten-fold increased
risk of cardia GC was associated with SCAG (OR 11.0; 95% CI
3.0-40.9). These results support the causal relationship between
H. pylori CagA + strains infection, and GC in these European pop-
ulations even after taking into account dietary habits. This associ-
ation was limited to distal GC, while serologically defined SCAG
was strongly associated with cardia GC, thus suggesting a diver-
gent risk pattern for these 2 sites.

Key words: Helicobacter pylori; stomach cancer; epidemiology;
pepsinogen; chronic atrophic gastritis

Despite a dramatic decline in incidence, gastric cancer (GC)
remains the fourth more common cancer and the second lethal
neoplasm worldwide.' Nutritional, infectious, and genetic factors
have been shown to play a role in gastric carcinogenesis.”™ The
relationship between Helicobacter pylori (H. pylori) infection and
GC has been clarified in the first decade after its identification.
H. pylori has been classified by the International Agency for
Research on Cancer (IARC) as a definite carcinogen to humans
(Group 1).3 H. pylori infection induces a chronic inflammation of
the gastric mucosa that is intensified by the host inflammatory
immune response with high levels of several cytokines. This
chronic process leads, in a minority of infected individuals, to the
development of GC through a series of intermediate progressive
stages including mild and severe chronic gastritis, atrophic gastri-
tis, gastric atrophy, characterized by hypochlorhydria, and intesti-
nal metaplasia.®® Recent meta-analyses have estimated that the
infection increases the GC risk by 2- to 3-fold”™!! with higher esti-
mates for noncardia GC.

Up to 60% of the general population in most European areas is
infected with H. pylori'* and 90-100% in less developed coun-
tries. It is clear that GC occurs only in a minority of infected indi-
viduals. Different outcomes of the infection have been related to
variations of H. pylori pathogenicity, host susceptibility, environ-
mental and life-style factors (particularly diet and age at infection)
and interactions among all these factors.'® There is evidence that
different strains of H. pylori may play a role in gastric carcinogen-
esis and subjects infected with cytotoxin CagA positive H. pylori
strains (H. pylori CagA+) are at increased risk to develop GC in
comparison with subjects infected with H. pylori CagA—
strains."*'® Also, only CagA positive strains were able to induce
GC in experimental infected Mongolian gerbils.'” Tn a recent
meta-analysis based on 16 case—control studies with age- and sex-
matched controls, the infection with CagA positive strains was
associated with an ~2-fold increased risk of noncardia GC among
H. pylori-infected subjects.18 This could be related to the active
injection of CagA into the gastric epithelial cell through the Type
IV secretion apparatus encoded by the cag pathogenicity island.'’
The tyrosine phosphorylation of CagA and its interaction with
membrane proteins would trigger a cascade of signal transductions
leading to the induction of chronic inflammatory responses (e.g.
through the production of IL-8) that would in turn favor the neo-
plastic transformation.?*>* Recently, it has also been reported that
CagA is able to induce a transition from polarized epithelial cells
(showing cell—cell adhesion) to a more invasive phenotype.?

Severe chronic atrophic gastritis (SCAG) is considered as a pre-
disposing factor for GC, particularly of the intestinal type. Pepsin-

ogen is secreted as 2 biochemical distinct groups of isoenzymes:
Pepsinogen A (PGA) and Pepsinogen C. Pepsinogen C is secreted
by corpus chief cells, antral glands and duodenal bulb, and PGA is
secreted only by the chief cells of the gastric corpus and the fun-
dus, and its serum level decreases with an increasing grade of cor-
pus atrophy.>** Traditionally, low levels of PGA have been used
to identify SCAG in the frame of epidemiological projects or
““screening’ programs.”*® H. pylori infection is recognized as
the main determinant of this precancerous lesion, although once
that SCAG is established, the bacterium is less likely to survive
and antibodies may be lost over time.

Our large case—control study nested in a cohort of 360,000
adults from several European countries (including the Mediterra-
nean area), all with a blood sample donated at enrolment, offers
the opportunity to evaluate the association between H. pylori
infection and GC risk in a prospective design taking into account
the effect of serologically defined SCAG and the role of dietary
and other environmental factors in gastric carcinogenesis.

Material and methods
The EPIC cohort

EPIC is a multicenter prospective study coordinated by the
IARC (International Agency on Research on Cancer, Lyon,
France) aimed to study the association between diet and life-style
habits and cancer, based on healthy adults who voluntarily agreed
to participate in the study and to have their health status followed
up. The enrolment started in 1992-1993 and was completed in
1998 in 23 collaborating centers in 10 European countries (Swe-
den, Denmark, Norway, Netherlands, UK, France, Germany,
Spain, Italy and Greece). Overall ~520,000 subjects (aged 35-74)
of both genders have been recruited and blood samples at enrol-
ment were obtained from over 380,000 subjects.

The study design has been reported in full elsewhere.?’ Briefly,
the volunteers were mostly enrolled from the general population
residing in a specific area. Exceptions were the French cohort,
based on female members of a national health insurance for school
teachers and the Utrecht cohort (Netherlands), based on women
attending the local breast cancer screening program. The 5 Span-
ish cohorts and 2 Italian cohorts (Ragusa and Turin) were mostly
based on blood donors; most of the Oxford cohort in the UK was
based on vegetarian and health conscious volunteers recruited
across the whole country.

Detailed information on the consumption of a series of foods
and drinks has been collected by country-specific food frequency
questionnaires, validated in a pilot phase. For calibrating dietary
measurements across countries and different questionnaires and to
correct for systematic over- or under-estimation of dietary
intakes,™ a 24-hr dietary recall has been obtained from a random
sample (8%) of the cohort (36,994 participants).>' Detailed infor-
mation has also been collected on education and other socioeco-
nomic variables, smoking and alcohol drinking history, physical
activity, reproductive history and medical history by a common
life-style questionnaire developed in 2 separate versions for males
and females. Anthropometric measurements (including weight and
height) have been collected according to a standard protocol.

The EPIC cohort has been followed up since inception through
population based cancer registries or other available sources as
pathology hospital registries, health insurance records and active
follow-up through participants and their next-of-kin. Mortality
data were also obtained from mortality register at the regional or
national level.

Design of the nested case—control study (EPIC-EURGAST)

GC cases. All newly diagnosed GC cases (ICD 10 C.16) iden-
tified in 9 national cohorts (except Norway, for a total of
~225,000 women and 135,000 men) after the date of recruitment
until the end of follow-up (December 1999 or September 2002
depending on the Centre), for which a blood sample was available,



were included. All cases were histologically confirmed as adeno-
carcinomas. GC incidence rates in the different cohorts agreed
with rates provided by local registries (Ferrari P, manuscript in
preparation) and the male/female ratio was 2:1 as expected.

Matched controls. For each case, 4 controls, individually
matched by centre, gender, age (+2.5 years) and blood donation
date (+45 days), were randomly selected among those still at risk
of GC (at the time of diagnosis of each case).

Blood samples. All individual available plasma samples were
retrieved from the collaborative Biobank of the EPIC project
(IARC, Lyon) or from local banks in Denmark and Sweden, ali-
quoted and shipped on dry ice to the study laboratories. Assays
were performed blindly regarding the case—control status or any
individual information.

Laboratory assays

Quantitation of anti-H. pylori and antiCagA I1gG anti-
bodies. For quantitation of anti-H. pylori 1gG antibodies, ninety-
six-well, flat-bottomed microtiter plates (Nunc, Roskilde, Den-
mark) were coated with H. pylori lysate (CCUG strain) prepared
as already described in detail elsewhere.’ Hundred microliters of
lysate at 1 pg/ml in PBS pH 7.4 were used and coating was
allowed to proceed for 2 hr at room temperature. After 3 washes
with PBS containing 0.05% (v/v) Tween-20, the plates were incu-
bated with 250 pl/well of a solution of polyvinylpyrrolidone-15
(Serva, Heidelberg, Germany) for 1 hr at room temperature. After
further washes, doubling dilutions of plasma samples (starting
from 1:200), diluted in PBS-Tween-20 containing 2% (w/v) BSA
(Sigma Chemical, St. Louis, MO) were added to the plates and
incubation was allowed to proceed for 1 hr at room temperature.
After extensive washing with PBS-Tween-20, bound IgG antibod-
ies were quantified by the addition of an alkaline phosphatase-con-
jugated polyclonal affinity-purified goat antihuman IgG (Sigma
Chemical), diluted 1:10,000 in PBS-Tween-20-BSA and incubated
for 3 hr at 30°C. The plates were then washed, and 100 pl of p-
nitrophenylphosphate (Sigma Chemical) at 1 mg/ml in diethanol-
amine buffer were added to each well. The chromogenic reaction
was allowed to proceed for 1 hr in the dark at room temperature
and was then stopped by the addition of 4 N NaOH. Optical den-
sities were read at 405 and 650 nm. Antigen-specific IgG antibody
titres were expressed as ELISA Units (EU), and were determined
by interpolation relative to a standard curve constructed by a serial
dilution of a standard positive control, which consisted of a pool
of samples from subjects known to be positive for H. pylori infec-
tion and having antibodies as determined by Western blotting
analyses. A cut-off value of 100 EU was defined using samples
from individuals negative for H. pylori infection as determined by
urea breath test, and by microbiological and other serological
assays (Western blotting). Plasma samples giving EU values
above 100 were considered as positive for anti-H. pylori IgG anti-
bodies. In previous experiments, this assay exhibited specificity
and sensitivity higher than 90% (Berti D and Del Giudice G,
unpublished data).

For detection and quantitation of antiCagA IgG antibodies,
ninety-six-well, flat-bottomed microtiter plates (Nunc) were
coated with 100 pl of full-length recombinant CagA (lot 010101-
CAGO07/28) at the concentration of 0.9 pg/ml in PBS pH 7.4. Coat-
ing was allowed to proceed for 1.5 hr at 30°C. After 3 washes
with PBS containing 0.05% (v/v) Tween-20, the plates were incu-
bated with 250 pl/well of a solution of polyvinylpyrrolidone-15
(Serva) for 1.5 hr at room temperature. After further washes, dou-
bling dilutions of plasma samples (starting from 1:400), diluted in
PBS-Tween-20 containing 2% (w/v) BSA (Sigma Chemical) were
added to the plates. Antibodies were allowed to react with the
solid-phase antigens for 1 hr at 37°C. After extensive washing
with PBS-Tween-20, bound IgG antibodies were quantified by the
addition of an alkaline phosphatase-conjugated polyclonal affin-
ity-purified goat antihuman IgG (Sigma Chemical), diluted
1:2,000 in PBS-Tween-20-BSA and incubated for 3 hr at room
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temperature. The plates were then washed, and 100 pl of p-nitro-
phenylphosphate (Sigma Chemical) at 1 mg/ml in diethanolamine
buffer were added to each well. The chromogenic reaction was
allowed to proceed for 40 min in the dark at room temperature and
was then stopped by the addition of 4 N NaOH. Optical densities
were read at 405 and 650 nm. Antigen-specific IgG antibody titres
were expressed as ELISA Units (EU), and were determined by
interpolation relative to a standard curve constructed by a serial
dilution of a standard positive control. A cut-off value of 30 EU
was defined using samples from individuals negative for H. pylori
infection as determined by urea breath test, and by microbiologi-
cal and by other serological assays (Western blotting). Plasma
samples giving EU values above 30 were considered as positive
for antiCagA IgG antibodies.

Determination of plasma pepsinogen A. Pepsinogen A (PGA)
was assayed in the plasma samples by means of microplate-based
quantitative enzyme immunoassay (ELISA) using a commercial
kits (Biohit, Helsinki, Finland). The assay is based on a sandwich
enzyme immunoassay technique with PGA-specific capture mono-
clonal antibodies adsorbed on a microwell plate and detection
antibodies labeled with horseradish peroxidase. The concentra-
tions of PGA in unknown samples were calculated on a calibration
curve, made by using 3 calibrators (human serum samples with
lot-specific PGA values) provided by the manufacturer. The coef-
ficients of variations (intra- and inter-assay) did not exceed 5%.
The reference range, calculated on a large series of control sub-
jects, was 22-82 pg/1.%*

Gastric cancer case definition. A panel of experienced pathol-
ogists met to re-evaluate GC diagnoses based on the material col-
lected in each center for all GC identified. Original diagnostic
reports were obtained from local pathology departments, trans-
lated and reviewed together with available H&E-stained slides.
The Lauren classification was used for the histological type of
GC. Briefly, among 233 GC cases, 91 (39.0%) were classified as
intestinal adenocarcinoma, 89 (38.2%) as diffuse adenocarcinoma,
35 (15.0%) as adenocarcinoma NOS, 12 (5.2%) were unclassified
adenocarcinomas, 2 (0.9%) were mixed adenocarcinomas and 4
(1.7%) gastric stumps.

According to the site within the stomach, 127 (54.5%) cases
were classified as noncardia, 54 (23.2%) as cardia and 4 were con-
sidered mixed; for 44 cases the site was undetermined. An addi-
tional group of 16 cases were classified into a specific sub-group
(gastro-oesophageal junction) but were not included in the main
analyses.

Opverall, the presence of antibodies to H. pylori lysate and full
length recombinant CagA have been assessed for 233 cases and
their 910 matched controls. Most serological assays were carried
out for all the eligible 4 matched controls; for 12 cases, however,
results were available only for 3 matched controls, 2 cases had
only 2 matched controls and 2 cases had only 1 matched control.
PGA measurements, on the other hand, were available for 231
cases and their 901 matched controls.

Statistical analysis

Overall H. pylori seropositivity was defined as the presence of
at least 1 type of 2 specific antibodies (anti-H. pylori lysate and
antiCagA IG antibodies); the latter results were used to create
additional variables, as 1 term for each specific antibody or spe-
cific combinations in order to identify mutually exclusive sub-
groups among seropositive subjects (H. pylori seropositive but
CagA negative vs. CagA positive). In addition, SCAG was sero-
logically defined as a PGA circulating level lower than 22 pg/l.

Odds ratios (OR) for the association of H. pylori seropositivity
or specific antiCagA antibodies with GC were calculated by multi-
ple conditional logistic regression models. Confidence intervals
(95% CI) were computed using the standard errors of the pertinent
regression coefficients. The effects of additional potential con-
founders (other than the matching factors controlled for by design)
like tobacco smoking, socio-economic level as defined by educa-
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TABLE I — DISTRIBUTION OF 233 GASTRIC CANCER CASES AND 910 MATCHED CONTROLS, PREVALENCE OF H.PYLORI SEROPOSITIVITY,
SEROPREVALENCE OF ANTIBODIES ANTI-CagA AND PREVALENCE OF SEVERE CHRONIC ATROPHIC GASTRITIS (SCAG) (SEROLOGICALLY
DEFINED, PEPSINOGEN A <22 pg/l) AT ENROLMENT, ACCORDING TO GENDER, AGE,

COUNTRY AND BROAD GEOGRAPHICAL AREA (EPIC-EURGAST 1993-2002)

H. pylori ! seroprevalence

H. pylori CagA seroprevalence Severe chronic atrophic gastritis

GC Cases (n) Controls (1) Cases Controls Cases Controls Cases Controls
n % n % n % n % n % n %
Gender
Males 127 490 104 819 333 68.0 90 709 234 478 23 18.3 38 7.8
Females 106 420 91 859 292 69.5 74 69.8 186 443 26 248 35 8.4
Age
<60 years 113 425 90 79.7 271 63.8 80  70.8 178 419 13 11.7 31 7.4
>60 years 120 485 105 87.5 354 73.0 84 70.0 242 499 36 300 42 8.8
Mediterranean countries
Italy 43 170 40  93.0 108  63.5 31 72.1 69  40.6 11 25.6 19 11.5
Spain 27 107 26 96.3 96 89.7 22 815 59 551 6 222 11 10.3
Greece 12 48 11 91.7 45 938 10 833 38 79.2 1 8.3 3 6.4
Total 82 325 77 939 249 76.6 63 76.8 166  51.1 18 220 33 10.3
Central-Northern Europe
France 3 12 2 66.7 4 333 2 66.7 1 8.3 - - - -
UK 19 75 14 737 45  60.0 13 684 32 427 6 31.6 7 9.3
The Netherlands 19 76 16 842 52 68.4 11 57.9 30 395 4 211 2 2.7
Germany 31 124 27  87.1 77 740 22 710 48 38.7 7 233 11 8.9
Sweden 55 213 47 855 151 70.9 45 81.8 122 573 13 24.1 14 6.6
Denmark 24 85 12 50.0 47 553 8 333 21 24.7 1 4.2 6 7.1
Total 151 585 118 782 376 643 101 669 254 434 31 208 40 6.9
Total 233 910 195 837 625 687 164 704 420 462 49 212 73 8.1

"Defined as presence of antibodies anti-H. pylori lysate and antiCagA.

tional level, were examined by including in the logistic regression
models terms for education (low/high), smoking history (current-/
ex-/never-smoker) and weight. Adjustments for dietary variables
were also performed adding to the models terms for selected food
groups that were considered as risk or protective factors (red and
preserved meat; total vegetables and fruit), using the predicted
(calibrated) values for each individual on a continuous scale.*®
The effects of H. pylori infection, CagA seropositivity and SCAG
status were also evaluated adding the terms for H. pylori seroposi-
tivity (or CagA seropositivity) and for presence/absence of SCAG
in the same model. Separate analyses were carried out according
to gender, age classes (<60 years and >60 years), geographical
area (countries in Central-Northern and Southern Europe), site of
the tumor (cardia and non-cardia) and histotypes according to
Lauren classification (intestinal and diffuse type). For the 2 latter
sub-group analyses, the 2 main categories did not add to the total
because of unclassified GC cases. The 2 broad geographical areas
were defined a priori. We tested also a series of interactions
between H. pylori seropositivity, CagA seropositivity and SCAG
status and age and geographical area. All analyses were performed
using the SAS statistical software (SAS/STAT version 9.1.3); a
p-value <0.05 was considered statistically significant.

Results

After an average follow-up of 6.1 years, 233 GC cases were
identified (127 males) and with results available from laboratory
assays for the analyses; among them, 54 (36 males) were classified
as carcinomas of the gastric cardia. Eighty-two cases were identi-
fied in the 3 Mediterranean cohorts (Italy, Spain and Greece) and
151 in the 6 Central-Northern Europe cohorts (France, UK, The
Netherlands, Germany, Sweden and Denmark) (Table I).

H. pylori seropositivity

Overall, the prevalence of H. pylori seropositivity was 83.7%
(195/233) among cases and 68.7 (625/910) among their matched
controls, being higher among subjects older than 60 years and in
Mediterranean countries (where 93.9% of cases and 76.6% of con-
trols were seropositive).

The prevalence of specific antiCagA antibodies was 70.4%
(164/233) among cases and 46.2% (420/910) among controls. The
CagA seroprevalence tended to be higher in older controls and in
those from Mediterranean cohorts (Table I). A small group of
study subjects showed detectable levels of antiCagA antibodies
(1.7 and 3.9% respectively, among cases and controls), while their
specific antilysate antibodies were below the threshold value.
Overall, the proportion of H. pylori seropositive subjects showing
antiCagA antibodies was 84.1% (164/195) among cases and
67.2% (420/625) among controls with limited variation across the
national cohorts.

The prevalence of H. pylori and CagA seropositivity among
cardia GC cases was 64.8% (35/54) and 46.3% (25/54), and
among noncardia GC cases 90.6% (115/127) and 78.7% (100/
127), respectively.

Serologically defined SCAG

The prevalence of serologically defined SCAG was 21.2%
among cases (49/231) and 8.1% (73/901) among controls (Table
I). Again, some differences were evident among controls across
different countries, with a higher prevalence in the Mediterranean
cohorts. On the other hand, the prevalence of SCAG among GC
cases was very similar in the 2 broad geographical areas. When
SCAG prevalence was evaluated according to the presence of
anti-H. pylori antibodies, we found that SCAG prevalence was
23.3% (45/193) and 10.5% (4/38) respectively, among H. pylori
seropositive and seronegative GC cases (p = 0.08). SCAG preva-
lence was 9.1% (56/616) among H. pylori seropositive controls
and 6.0% (17/285) among H. pylori negative controls (p = 0.11).
According to antiCagA status, SCAG prevalence was 23.5% (38/
162) and 15.9% (11/69) respectively among CagA seropositive
and seronegative GC cases (p = 0.20), and 9.4% (39/414) and
7.0% (34/487) respectively among CagA seropositive and sero-
negative controls (p = 0.22).

H. pylori lysate and CagA seropositivity and GC risk

Overall, in a conditional multivariate model taking into account
terms for education, smoking history, weight, and calibrated aver-
age daily consumption of total vegetables, total fruit, red and pre-
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TABLE II — ASSOCIATION OF H. PYLORI SEROPOSITIVITY, AND SEROLOGICALLY DETERMINED SEVERE CHRONIC ATROPHIC
GASTRITIS (SCAG) WITH GC RISK BASED ON SEPARATE MODELS: OVERALL, BY SITE (NONCARDIA AND CARDIA) AND
BY HISTOTYPE (DIFFUSE AND INTESTINAL). NESTED CASE-CONTROL STUDY IN THE EPIC COHORTS (EACH MATCHED SET
WITH 1 GC CASE AND AGE, SEX, BLOOD DONATION DATE AND CENTER MATCHED CONTROLS) (EPIC-EURGAST 1993-2002)

GC

Noncardia Cardia Diffuse type Intestinal type

Variable(s) of interest in each separate model (n = 233) (n=127) (n = 54) (n = 189) (n=91)

OR'  95%CI' OR' 95% CI' OR' 95% CI' OR' 95% CI' OR' 95% CI'
Antibodies anti-H.pylori (yes/no) 26 1.7-39 47 2590 0.8 04-1.8 42 1992 26 1449
Only antibodies anti-H pylori lysate (yes/no) 1.2 0.7-2.0 1.6 0.7-3.8 0.8 0.3-2.1 20 0.8-52 1.1 0.5-28
Antibodies antiCagA (yes/no) 34 2252 65 33-126 0.8 04-19 58 25-133 32 1.7-6.1
SCAG (yes/no) 34 2252 24 1345 11.0 3.0409 1.6 0.7-35 48 2.3-10.0
Antibodies anti-H.pylori (yes/no) 26 1.7-39 51 2698 0.7 0.3-1.6 4.1 1.89.1 25 1.3-4.7
SCAG (yes/no) 33 2.1-52 27 1551 119 3.1456 1.7 0.7-3.8 45 2294
Antibodies antiCagA (yes/no) 3.1 2244 4 3291 09 0520 40 22-74 28 1.647
SCAG (yes/no) 33 2152 26 1349 11.0 29407 1.7 0.7-39 4.2 2.0-9.1

10dds ratios (OR) and 95% confidence intervals (CI) estimated by a series of conditional logistic models including terms for education (low/
high), smoking history (never-/ex-/current-smoker), weight (in continuous), total vegetables, fruit, red and preserved meat (calibrated values, in

continuous) and the variable(s) of interest as indicated in each panel.

served meat, H. pylori seropositivity was associated with an ap-
proximate 2.5-fold risk of developing gastric cancer (OR 2.6; 95%
CI 1.7-3.9) (Table II).

When we included in the same model a specific term for those
subjects showing only antilysate antibodies (that is H. pylori lysate
seropositive but CagA seronegative subjects) and 1 for those
showing antiCagA antibodies (independently from the antilysate
antibodies status), results showed that the first group was not at
increased risk, while CagA seropositive subjects showed an over
3-fold increased risk (OR 3.4; 95% CI 2.2-5.2).

When we restricted the analyses to noncardia GC (n = 127), the
association with overall H. pylori seropositivity was more evident;
on the other hand, a 6-fold increased risk emerged with CagA
seropositivity (OR 6.5; 95% CI 3.3-12.6).

In the sub-group of cardia GC (n = 54) no association with
H. pylori seropositivity was found overall and when H. pylori
lysate and CagA were included separately.

In analyses carried out according to gastric cancer histotypes,
H. pylori seropositivity was positively associated with both diffuse
and intestinal type. When we included separately the terms for
H. pylori lysate and CagA seropositivity in the model, the associa-
tion with CagA seropositivity tended to be stronger for the diffuse
than for the intestinal type.

No differences in the association between GC risk and H. pylori
seropositivity emerged according to gender and age (Fig. 1). The
effect of CagA tended to be stronger in younger subjects (Fig. 2).

In the Mediterranean cohorts, H. pylori seropositivity was overall
associated with a 7.4-fold increase in GC risk; in the Central-North-
ern European cohorts the increase in GC risk among seropositive
subjects was limited approximately to a 2-fold increase (Fig. 1).

When we considered the specific effects of H. pylori lysate and
CagA seropositivity by geographical area, the association with GC
risk appeared to be limited to antiCagA antibodies in the Central-
Northern cohorts. In the Mediterranean cohorts, both H. pylori lysate
and CagA seropositivity were associated with GC risk, respectively
a 4-fold (OR 4.0; 95% CI 1.2-13.2, data not shown) and a 9-fold
increase in comparison to seronegative subjects (Fig. 2).

Furthermore, specific models were developed to evaluate the
effect of antiCagA antibodies among all H. pylori seropositive
subjects; the results confirmed in the overall GC series a strongly
increased risk for subjects with antiCagA antibodies in respect to
H. pylori seropositive but CagA negative subjects (OR 3.0; 95%
CI 1.9-4.6). This effect was particularly evident in younger sub-
jects (OR 6.2; 95% CI 2.7-13.8).

Serologically defined SCAG and GC risk

A positive association between SCAG and gastric cancer risk
was evident in the whole series (OR 3.4; 95% CI 2.2-5.2). This

did not materially change when the term for H. pylori seropositiv-
ity was added to the model (Table II). Overall, the association
with SCAG tended to be more evident in older subjects, while no
differences emerged by gender (Fig. 3).

In the Central-Northern European cohorts, the strongest associa-
tion with GC risk was actually shown by serologically defined
SCAG (OR 4.2; 95% CI 2.3-7.7), that persisted substantially
unchanged also in analyses taking into account CagA seropositiv-
ity. In the Mediterranean cohorts, the association with SCAG
tended to be weaker (Fig. 3).

The risk of noncardia GC associated with SCAG was 2.4-fold
increased (Table II). The results did not change when the other 48
GC cases of undetermined or mixed site were also considered in
this category.

On the other hand, the presence of SCAG was associated with a
ten-fold increased cardia GC risk (OR 11.0; 95% CI 3.0-40.9).
This association persisted also when the separate terms for antily-
sate and antiCagA antibodies were added to the model (Table II).

According to histological subtypes, the association between GC
risk and SCAG was statistically significant only for the intestinal
type (Table 1I).

Interactions

Statistically significant interactions in modifying the risk to de-
velop GC were found between 2 pairs of variables: H. pylori over-
all seropositivity and being enrolled in a Mediterranean cohort (p
= 0.04) as well as the presence of a serologically defined SCAG
and being older than 60 years old at enrolment (p = 0.015). When
we examined the association of noncardia GC risk in the 2 differ-
ent areas, these differences were much less evident, probably due
to the lower proportion of cardia cases in the Mediterranean coun-
tries (12% in the Mediterranean area vs. 29% in Northern Central
Europe). Also interactions between the 2 areas and specific anti-
bodies (only antilysate vs. antiCagA) did not reach the level of sta-
tistical significance.

All analyses have also been repeated excluding GC cases diag-
nosed in the first year after the date of enrolment (n = 32), but
results did not change.

We also repeated the analyses in 2 separate time periods (below
and above the median latency between enrolment and diagnosis,
~3 years), but the results were quite similar with no suggestion of
further risk increase with increasing duration of follow-up (data
not shown).

Discussion

In this nested case—control study carried out in the frame of a
specific project within the European Prospective Investigation into
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OR & 95% C1

N, OR (95% CI)
All matched sets 233 26(1.7-3.9) '—.—
Sex Males 127 24 (14-4.1) —
Females 1 (s 3.0(1.6-56) [ |
Age <6l years 113 30(1.7-54) ——
260 years 120 28(1.5-55) &
Area Mediterranean 82 7.4 (2.5-21.5) _
Centr North Eur, 151 2.0(1.3-3.1) —B—
Site Cardia 54 0.8 (0.4-1.8) =
Non-cardia 127 7(2.5-9.0) B
Histological Diffuse 89 4.2(19.92) &
type Intestinal 91 26(1.4-49) =
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FiGure 1 — Estimates of gastric cancer risk associated with H. pylori seropositivity (antibodies anti-H. pylori lysate and antiCagA) overall
and by sex, age group, area, site and histological type (EPIC-EURGAST 1993-2002). Odds ratios (OR) and 95% confidence intervals (CI) esti-
mated by a series of conditional logistic models including terms for education (low/high), smoking history (never-/ex-/current-smoker) weight
(in continuous), total vegetables, fruit, red and preserved meat (calibrated values, in continuous).

N OR95%CDH

OR & 95% C1

All matched sets 233 34(22-52)
Sex Males 127 30(L7-5.1)
Females 106 43(2.2-83)
Age <60 years 113 5.7(2.5-8.8)
=6l years 120 3.4(1.7-6.6)
Area Mediterranean 82 9.2(3.1-27.5)
Centr North, Eur, 151 26(1.7-4.2)
Site Cardia 54 0.8(04-19)
Non-cardia 127  6.5(3.3-13.6)
Histological Diffuse B9 58(25-133)
type Intestinal a1 3.2(L7-6.1)

0.4

1 3 5 7

FiGure 2 — Estimates of gastric cancer risk associated with H. pylori CagA seropositivity (antibodies antiCagA) overall and by sex, area, age
group, site and histological type (EPIC-EURGAST 1993-2002). Odds ratios (OR) and 95% confidence intervals (CI) estimated by a series of
conditional logistic models including terms for education (low/high), smoking history (never-/ex-/current-smoker) weight (in continuous) total
vegetables, fruit, red and preserved meat (calibrated values, in continuous) and the terms for H. pylori lysate seropositivity (yes/no) and CagA

seropositivity (yes/no).

Cancer and Nutrition (EPIC-EURGAST), we have found that the
presence of specific antibodies against H. pylori CagA was associ-
ated with an over 3-fold increased risk of developing gastric can-
cer. Overall, GC risk did not appear to be increased for subjects
showing only antibodies against H. pylori lysate. These results
were based on an average follow-up period of 6 years and were
obtained taking into account the dietary habits reported at enrol-
ment. These results were even more evident in the subgroup of
noncardia GC cases, while, on the other hand, there was no evi-
dence of any association between cardia GC risk and H. pylori or
CagA seropositivity.

In addition, the presence of a serologically defined severe
chronic atrophic gastritis (Pepsinogen A serum level lower than

22 pg/l) was overall associated with an increased GC risk of more
than 3-fold, particularly among older individuals. This association
persisted also after adjustment for H. pylori or CagA seropositiv-
ity. A specific and strong association of SCAG with GC of the car-
dia emerged, thus suggesting a possible divergent risk pattern for
distal and cardia GC.

These results have been obtained taking into account a series of
dietary determinants as consumption of total vegetables, fruit, red
meat and preserved meat®>** in a large study population including
also for the first time cohorts from Mediterranean countries.

The risk in H. pylori positive subjects we have found is quite
similar to the recent estimate by a pooled analysis of 12 nested
case—control studies within prospective cohorts” and slightly
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Ficure 3 — Estimates of gastric cancer risk associated with serologically defined severe chronic atrophic gastritis (pepsinogen A <22 pg/l)
overall and by sex, area, age group, site and histological type (EPIC-EURGAST 1993-2002). Odds ratios (OR) and 95% confidence intervals
(CI) estimated by a series of conditional logistic models including terms for education (low/high), smoking history (never-/fex-/current-smoker)
weight (in continuous) total vegetables, fruit, red and preserved meat (calibrated values, in continuous).

higher than estimates from meta-analyses considering both case—
control and cohort studies limited to studies in which H. pylori
infection was determined by serological assays'' or more compre-
hensive.'®

Several studies, both in animals and in humans, have suggested
that the infection with H. pylori CagA positive strains increases
the risk of GC over the risk associated with H. pylori infection
alone and experimental studies have su%gested the molecular basis
for the pathological action of CagA.'**? Our result of an over 3-
fold increased risk of GC associated with the presence of anti-
CagA antibodies in the present nested case—control study is con-
51stent Wlth the results of a recent meta-analysis addressing this
issue.'® Our data showed very clearly that the risk of developing
GC among H. pylori seropositive subjects was mostly related to
an infection with H. pylori CagA+ strains.

A statistically significant association with the presence of anti-
H. pylori lysate antibodies was evident only in a sub-group analy-
sis for the Mediterranean cohorts, although a specific interaction
did not emerge. Possible explanations for this finding (apart from
chance) might be that in our cohorts enrolled in the Mediterranean
countries the seroprevalence of H. pylori infection at baseline
(1993-1998) appeared higher than in Northern-Central European
cohorts, suggesting that the circulation of the bacterium might
have been higher until recently. Our test to detect antibodies to
H. pylori lysate was based on crude antigens from a specific strain
(in contrast to the antiCagA test based on a full-length recombi-
nant molecule) and this might also contribute to some variation in
the ability to detect titres in different populations exposed to other
strains.

As expected by the more frequently distal (noncardia) localiza-
tion of the gastric pathology induced by the infection with
H. pylori, when we considered separately cardia and noncardia
GC cases, it was evident that the association between H. pylori
CagA seropositivity and GC risk was confined to noncardia GC
cases with a 6-fold increased risk.

On the other hand, the presence of serologically defined SCAG
was overall associated with a 3-fold increased risk of GC. PGA is
a marker of corpus atrophy and SCAG tended to be more clearly
associated with GC in Northern Europe than in the Mediterranean
countries. This may suggest that factors related to Pernicious ane-

mia might play a role in noncardia GC associated with H. pylori
infection.”

Our result of a strong association between serologically defined
SCAG and adenocarcinoma of the gastric cardia is in agreement
with the results of a recently publmhed population-based case—
control study carried out in Sweden.*® In the same study, no asso-
ciation was evident between cardia GC and H. pylori seropositiv-
ity. A number of studies reported a lack of association or a nega-
tive assocmtlon between H. pylori and cardia GCY7 with a few
exceptlons 9 Such association was not observed in a meta- analy-
sis based on 42 studies (both case—control and cohort QtudleQ)
and in a recent study with an extended follow-up period.*' In gen-
eral, however, the anatomical site of cardia remains poorly defined
and a number of studies may have been unable to differentiate
between anatomical regions. In our study, all diagnoses have been
revised by a panel of pathologists; in addition, we also performed
an analysis taking into account 16 cases that had been defined as
adenocarcinomas of the GEJ and results were weaker based on
this less clear-cut definition of cardia GC. A complex interplay
between gastro-oesophageal reflux disease and intestinal metapla-
sia has been recently postulated for cardia cancer*?; our results
would support a role for cardia metaplasia, a long term conse-
quence of H. pylori infection possibly leading, over time and in
presence of SCAG, to a reduction of antibody titres and sero-
reversion in a proportion of subjects.

The different proportion of cardia and noncardia GC could con-
tribute to explain the geographical differences in the estimates of
the association between H. pylori seropositivity and GC that
resulted higher in Mediterranean countries, where the proportion
of cardia cases was lower than in Northern-Central Europe. A dif-
ference in the proportion of cardia and noncardia GC cases was
also evident among subjects of different ages.

Diffuse gastric adenocarcinoma appeared to be more associated
with H. pylori CagA seropositivity than the intestinal type, while
the association with SCAG appeared more evident for the latter
histological type. This stronger association between H. pylori
seropositivity and diffuse GC was confirmed when we restricted
the analysis to noncardia GC cases. On the other hand, the strong
association between SCAG and intestinal adenocarcinoma per-
sisted, even if less evident, in the sub-group of noncardia carcino-
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mas, while in the cardia cases, no diffuse adenocarcinoma case
occurred among subjects with serologically defined SCAG.

Our study design had several advantages. Its prospective na-
ture implicates that blood samples used for H. pylori serology
and Pepsinogen A determination were collected well before the
development of the disease, thus reducing the misclassification
due to the loss of anti-H. pylori antibodies once SCAG is estab-
lished. A relevant point in assessing the magnitude of the asso-
ciation between H. pylori and GC is the possible attenuation of
risk when H. pylori infection is assessed closer to the time of
cancer diagnosis.” We evaluated the association between GC
and H. pylori seropositivity according to length of follow-up
(below and above 3 years of follow-up) and results did not sug-
gest differences in risk, although one has to consider that our
follow-up is relatively short. An accurate ascertainment of dis-
ease through cancer registries and clinical records has been per-
formed, and all cases were histologically confirmed. Dietary and
life-style variables, used as adjusting variables, were collected
through validated questionnaires and calibration of dietary varia-
bles allowed to reduce the effect of systematic over- or under-
estimation of dietary intakes. The sample size of our study,
however, was relatively modest and most subgroup analyses had
limited power, showing overlapping results.

In conclusion, our results confirm a causal role of H. pylori infec-
tion in the pathogenesis of GC also after taking into account the die-
tary habits reported at baseline. Our results have also shown that
CagA positive strains play a crucial role in noncardia gastric carci-
nogenesis, while SCAG results associated with a strongly increased
risk of cardia cancer. Although a long term H. pylori infection is the
main cause of SCAG, our findings might suggest 2 divergent risk
patterns for noncardia (i.e. distal) and cardia gastric cancer.
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