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Abstract
Background and aims-It is not known
why some people with Helicobacter pylon
infection develop gastric cancer whereas
others do not. Whether the CagA phenotype of H pylon infection affected risk for
cancer independently of other posited risk
factors was evaluated.
Subjects-242 persons who participated in
a previous nested case-control study of
gastric cancer. 179 (90 cases and 89
controls) were infected with H pylon as
determined by enzyme linked immunosorbent assay (ELISA) in serum and 63 (13
cases and 50 controls) were uninfected.
Methods-Serum samples from cases and
controls, obtained a mean of 14*2 years
before diagnosis of cancer in the cases,
were tested by ELISA for IgG antibodies
against the CagA gene product of Hpyloni.
They had previously been tested for pepsinogen I. Using logistic regression analysis, risk for cancer was compared among
infected persons with CagA antibodies,
infected persons without CagA antibodies,
and uninfected persons.
Results-Subjects infected with H pylon
who had CagA antibodies were 5-8-fold
more likely than uninfected subjects to
develop gastric cancer (95% confidence
interval (95% Cl)=26-13.0). This was true
for both intestinal (odds ratio (OR) 5 1,
95% CI=2-1-12.2) and diffuse type (OR
10-1, 95%/o CI=2.2-47-4) cancers. By contrast, H pylon infected subjects without
CagA antibodies were only slightly, and not
significantly, at increased risk for cancer
(OR 2-2, 95% CI=0-9-5-4) and any possible
association was restricted to diffuse type
carcinoma (OR 9 0, 95% CI=1-2-65-8).
Pepsinogen 1 <50 ng/ml significantly
increased risk for both cancer types in H
pyloni infected persons and lessened the
magnitude of association between CagA
and cancer. Educational attainment,
cigarette smoking, and ABO blood group
were not associated with malignancy.
Conclusions-When compared with uninfected subjects, persons infected with CagA
positive H pyloon are at considerably
increased risk of gastric cancer. CagA
negative H pyloni are less strongly linked to
malignancy and may only be associated
with diffuse type disease.
(Gut 1997; 40: 297-301)

Keywords: Helicobacterpylori, gastric neoplasm, CagA,
pepsinogen, ABO blood group, cigarette smoking.

Infection with Helicobacter pylori has been
identified as a risk factor for gastric adenocarcinoma of the antrum and corpus.' 2 Epidemiological studies indicate that infection
increases risk for both intestinal and diffuse
histological types of cancer between threefold
and sixfold. As a consequence, the International Agency for Research on Cancer
recently termed H pylori a group I carcinogen,
a definite cause of cancer in humans.' Yet,
because only a minority of subjects infected
with H pylori will develop cancer, other factors
must be important in determining cancer
occurrence. Among non-infectious risk factors,
diet, cigarette smoking, and socioeconomic
status have been of most enduring interest.4-7
Genetic characteristics of the host, such as
ABO blood type, may also influence outcome
of infection. Blood group 0 is postulated to
contribute to Hpylori adherence and to Hpylori
related duodenal ulceration.8 9 Blood group A,
on the other hand, has been associated with the
diffuse type of gastric cancer.7
Helicobacter pylori is not a clonal organism
and exhibits great genetic diversity.s"" At the
phenotypic level, strains can be characterised
into two types: those that contain a gene
associated with cytotoxin expression, the socalled CagA gene, and those that do not.'4 15
Expression of the CagA protein can be sensitively and specifically diagnosed by detecting
antibodies to it. CagA positive H pylori, which
comprise some 500/6-60% of United States
isolates, cause more extensive inflammation of
the gastric mucosa than CagA negative
strains.1620 CagA positive infections are also
more likely to progress to atrophic gastritis
than CagA negative infections.2' Furthermore,
a nested case-control study among JapaneseAmerican men suggested that CagA antibodies
are more common in infected persons with
gastric malignancy than in infected persons
without such malignancy.22 Whereas this
finding was not statistically significant, the
twofold increase in CagA positive H pylori
among intestinal type cancers appeared
unlikely to be due to chance alone.
In 1990, we conducted a nested case-control
study of Hpyloni and gastric cancer among men
and women in a northern California healthcare
programme.' We found H pylori antibodies to
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Methods
Subjects had been previously identified for a
nested case-control study of H pylori and
gastric cancer.' Cases of gastric cancer and
controls were selected from among 128992
subjects who had provided serum as part of a
multiphasic health evaluation at Kaiser
Permanente Medical Care Program between
1964 and 1969. Histological sections and
records from cohort members who developed
gastric cancer subsequent to their multiphasic
examination (cases) were reviewed and tumours
were classified by histological type and site
within the stomach as previously described.'
Each confirmed case was then matched by five
year birth cohort, sex, race, site, and date of
serum collection (same month and year) to one
cohort member (control) who had not
developed cancer in the time up to and
including the year of diagnosis. Serum samples
were tested for Hpylori antibodies as previously
reported (Table I).' 23 Subjects with antibody
titres higher than the mean of 15 low positive
standards were considered to be infected with
Hpyloni. From 107 cases of intestinal or diffuse
type cancer of the corpus or antrum, 103 serum
samples remained available for CagA antibody
testing; 90 of these samples had been positive
for Hpylori antibodies by enzyme linked immunosorbent assay (ELISA). Controls included
subjects previously matched to adenocarcinomas of the stomach and gastro-oesophageal
junction and to gastric lymphomas. Among 147
control serum samples, eight were no longer
available for testing. Of the remaining 139, 89
were from Hpylori antibody positive subjects.
Serum samples from all subjects (H pylon
positive and negative) were tested by ELISA
TABLE I Helicobacter pylori and CagA serology results for cancer cases and controls
H pylon seronegative

H pylon seropositive
Cases
Intestinal
Diffuse
Controls

n

n (%)

n CagA+

103
77
26
139

90 (87 4)
67 (87-0)
23 (88 5)
89 (64 0)

70
54

(77-8)
(80 6)
16 (69 6)
48 (53 9)

(%/6)

n

(%)

13 (12-6)
10 (13-0)
3 (1-5)

50

(36 0)

n CagA+ (lo)*

1 (7 7)
1 (10)
0 (0)

4

(8 0)

*People with negative Hpylori serology and positive CagA serology were excluded from analysis.

for antibodies to the H pylon CagA protein
(OraVax, Inc, Cambridge, MS, USA) as
previously described.'7 22 This assay, which
uses as antigen the orv220 fragment of CagA,
is highly sensitive and specific for infection with
CagA positive strains. Briefly, microtitre wells
were coated with 1 ,ug orv220 antigen in
carbonate-bicarbonate buffer. Test serum
samples at a dilution of 1:100 were incubated
in the wells at 37°C for one hour. The second
antibody, a goat antihuman IgG alkaline phosphatase conjugate, was then added at a dilution
of 1:1000 at 37°C for one hour. After incubation with phosphatase substrate, the optical
density was read at 405 nm. All samples were
run in triplicate. A titre was considered positive
if the optical density exceeded the mean plus
3 SD of serum samples from 12 subjects
without CagA positive infections. Using this
cutoff point, we evaluated serum samples from
12 persons infected with CagA gene positive H
pylori, nine persons infected with CagA gene
negative H pylori, and five persons without H
pylori by histology, culture, or rapid urease test.
In this group, the assay was 1 00% sensitive and
specific for CagA infection status.
In a previous study, serum samples had been
tested for pepsinogen 123; a concentration <50
ng/ml greatly increased the risk for cancer. This
level is now categorised as "low pepsinogen I".
Work by other investigators suggests that this
low concentration of pepsinogen I detects
moderate to severe corpus atrophy with 72%
sensitivity and 85% specificity.24 25
We evaluated level of education using three
categories: less than high school, high school or
trade school, and college or higher. We compared A v non-A ABO blood group and 0 v
non-O ABO blood groups. Cigarette smoking
had been determined by questionnaire when
serum was collected. Information was categorised by current smoking status (current
smoker, ex-smoker, non-smoker). Among
smokers and ex-smokers, cigarete smoking
was further categorised by duration of use (< 10
years, 10-20 years, and >20 years) and quantity of cigarettes smoked daily (<one pack, one
to two packs, and >two packs).
Data were analysed with EpiInfo (Centers
for Disease Control, Atlanta, GA, USA) and
Egret (Statistics and Epidemiology Research
Corporation, Seattle, WA, USA) programs.
For univariate comparisons between cases and
controls, we used a x2 test with Yates's
correction, t test, or Wilcoxon rank sum test.
To evaluate whether infection with the specific
phenotypes of Hpylori increased risk for cancer
compared with uninfected subjects, we performed logistic regression using the entire
population of infected and uninfected subjects.
In multivariate analysis, we adjusted for all
variables previously used for matching including age at serum donation, sex, race, and
date of serum donation. Subjects infected with
each type of H pyloon were omitted from the

analysis of infection with the other type.
Again, data were adjusted for age, sex, race,
and date of serum collection. Interaction was
investigated between all variables significant at
p<O 1.
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be 3*6-fold more common in persons who later
developed gastric cancer than in matched controls. Subsequently, we identified a low pepsinogen 1 level (<50 ng/ml) also to be associated with development of cancer, although
only in people with H pylori infection.23
Because it remains unknown why some people
with H pylori infection develop cancer whereas
others do not, we decided to assess risk factors
for cancer among H pylori infected subjects
only. Factors of interest include antibodies to
the CagA protein, pepsinogen I concentration
(an indicator of concurrent atrophic gastritis),
ABO blood group type, and level of education
(a surrogate for socioeconomic status). We also
compared risk for gastric cancer among three
groups: persons with CagA positive H pylori
infection, those with CagA negative H pylori
infection, and those without Hpylori.
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TABLE II Demographic features of cases and controls
Cancer

Intestinal
(n= 77)

Feature

29-9
Female (/)
Race (%):
65-7
White
32-8
African-American
1-5
Asian
Level of education (%):*
35-5
Elementary and grade school
37-1
High school or trade school
27-4
College education
ABO blood group (%)/:t
0
43-9
40 9
A
12-1
B
30
AB
Cigarette smoking at time of serum collection (%):t
33-9
Smoker
18-6
Ex-smoker
47-4
Non-smoker
Mean age when serum was obtained
56-0§
3-1
MedianHpyloriIgGtitre¶
Low pepsinogen (%) III
45*0
Mean age diagnosis of cancer
70-1

Diffuse

(n=26)

Controls
(n= 139)

39-1

24-7

73 9
17-4
8-7

73-0
27-7
2-2

22-7
45-5
26-7

32-6
37-1
25-8

43-5
43-5
13-0
0.0

50 0
31-8
12-5
5-6

37-5
12-5
50.0
50 7
3-1
40 9
67-4

29-3
29-3
41-3

56-1§
3-5
15-6§**

*Data missing for five intestinal cases, one diffuse case and five controls.
tData missing for one intestinal case and one control.
tData missing for eight intestinal cases, seven diffuse cases, and 14 controls.
§p<0.05 v diffuse cancer cases.
lValue is expressed as the ratio of the sample titre to the mean of three low positive standards.
Il Defined as a serum pepsinogen I concentration <50 ng/ml. Information missing for seven
intestinal cases, one diffuse case, and 12 controls.
**p<0-05 v intestinal cancer cases.

In

a

separate analysis we evaluated risk faconly subjects infected

tors for cancer among

with H pylori. Of the cases with H pylori antibodies, 77.8% also had antibodies to CagA
compared wtih 53.9% of infected controls
(odds ratio (OR) 3 3, 95% confidence interval
(95% CI)=1.6-6.5). Seropositivity for CagA
was significantly associated with gastric cancer
(OR 3-3, 95% CI=1-6-6-5). Among cases of
intestinal type cancer, the OR was 3-8 (95%
CI= 1 7-8-4) whereas among cases of diffuse
cancer the OR was lower and not significant
(OR 2<1, 95% CI=0-7-6- 1).
Of the 179 subjects infected with H pylon,
159 had had serum tested for pepsinogens; of
these 50 (31 3%) had pepsinogen I concentrations <50 ng/ml. Thirty nine (36A4%) of 107
subjects with CagA antibodies had low pepsinogen I concentrations at the time the serum
was obtained compared with 11 of 52 (22A4%)
subjects without CagA antibodies (p=O0 1).
When pepsinogen I was added to the multivariate model of CagA, CagA seropositivity
remained a significant risk factor for intestinal
type cancer, although the magnitude of the
association decreased (Table IV). Low pepsinogen I was strongly associated with later
development of both intestinal and diffuse type
malignancy.
If CagA protein caused cancer uniquely
through induction of atrophy, then the association between CagA and cancer should tend to
weaken as the interval between serum collection and cancer diagnosis lessened; conversely,
the association between low pepsinogen and
cancer would be expected to increase. The
opposite was observed. In 41 cases with 15
years or more between serum collection and
cancer diagnosis, CagA only increased risk for
cancer 1*2-fold after adjustment for pepsinogen concentration (95% CI=0-5-3O0)
whereas low pepsinogen I was a strong risk
factor for cancer (OR 6-3, 95°/O CI=2-4-16-7).
In 41 cases with an interval < 15 years between
serum collection and cancer the OR was 3-8 for
CagA (95% CI=1-3-10'5) and 4-1 for low

pepsinogen I (955% CI=1I5-10 7).
In no analysis among H pylori infected cases
and controls was the level of educational
attainment, cigarette smoking, or ABO blood
group significantly associated with development of malignancy (Table V). Because type A
blood seemed to be somewhat more common
in cases than in controls and because this blood
group has been identified as a risk factor only
for diffuse cancer, we stratified our analysis by
tumour type. The association between type A

TABLE III Risk for stomach cancer in people with CagA positive H pylori infection and CagA negative H pylori infection
compared with uninfected controls*

CagA positive v uninfected

All cancers
Intestinal cancer
Diffuse cancer

Cases
with H pylori

Controls
with H pylori

n

n

(%/°)

70/82 (85-4)
54/63 (85 7)
16/19 (84 2)

(%/o)

48/94 (51-1)
48/94 (51-1)
48/94 (51-1)

OR*
(95% CI)

CagA negative v uninfected
Controls
Cases
with H pylori
with H pylori
n (%.)
n (%/o)

5-8 (2-6 to 13-0)
5-1 (2-1 to 12-1)
10 1 (2-7 to 47-5)

20/32 (62 5)
13/22 (59-1)
7/10 (70-0)

41/87 (47-1)
41/87 (47-1)
41/87 (47-1)

OR*
(95% CI)
2-2 (0 9 to 5 4)
1-4 (0 5 to 3-9)
9 0 (1-2 to 65 8)

*Analysis adjusted for age, sex, race, and date of serum collection with the exception of the analysis of diffuse cancer in CagA
negative v uninfected groups. Because of small numbers, this analysis could not be adjusted by race.
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Results
A total of 103 cases (77 intestinal type and 26
diffuse type) and 139 controls were tested for
CagA antibodies. At the time that serum was
collected, those who later developed diffuse
type cancer were younger than both controls
and those who developed intestinal type cancer
(Table II). Other demographic features were
similar among cases and controls. Serum
samples had been obtained a mean of 14-2
years before diagnosis of cancer in the cases.
Among subjects without Hpylori antibodies,
five (one case and four controls) had positive
titres for CagA. Because of the ambiguity of
these results, these subjects were excluded
from further analysis. Among the remainder,
Hpylori infected subjects with CagA antibodies
had a strongly increased risk for gastric cancer
compared with uninfected subjects (Table III).
This was true for both intestinal and diffuse
type cancers. Risk for cancer was modestly but
not significantly increased among CagA negative subjects infected with H pylon compared
with uninfected subjects (Table III). When
stratified by tumour type, however, CagA
negative H pylori seemed to be statistically
linked to diffuse type disease. The few subjects
in this subgroup, however, make the risk
estimate imprecise.
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TABLE IV Risk for gastric cancer in subjects infected with H pylori associated with CagA
antibody and low pepsinogen I concentration (<50 ng/ml), unadjustedfor each other and
adjustedfor each other*

Adjusted OR
(95% CI)

p Value

3-1 (1-4 to 7-1)
5-2 (2-2 to 12-0)

2-6t (1-1 to 6-1)
4-7 (2-0 to 11-0)

0-03
<0-001

1-7 (0-6 to 5-0)
7 0 (1-9 to 25 7)

1-3t (0 4 to 4-1)
6-7 (1-8 to 25-0)

0-6
0-005

2-6 (1-3 to 5-5)
5-5 (2-5 to 12-3)

2-3 (1-0 to 5 9)§
5-1 (2-3 to 11-6)

0-04
<0-001

*Excludes two intestinal cases, one diffuse case, and 12 controls from whom pepsinogen 1
concentrations were not available. All analyses were adjusted for age, sex, race, and date of
serum donation.
tOR for CagA without adjustment for pepsinogen=3-3 (95% CI 1-4 to 7 5).
tOR for CagA without adjustment for pepsinogen= 1-8 (95% CI 0-6 to 5-4).
§OR for CagA without adjustment for pepsinogen=2-8 (95% CI 1-3 to 5 8).

TABLE V Risk for gastric cancer associated with education, ABO blood group, and
cigarette smoking among people infected with H pylon
H pylori+/CagA+ v H pylori+/CagA+ v H pylori+/CagA- v
uninfected
H pylori+/CagAuninfected
OR (95% CI)
OR (95% CI)
OR (95% CI)
Level of education:
Elementary and grade school
High school or trade school
College education
Cigarette use:
Non-smoker
Ex-smoker
Current smoker
ABO Blood group:
Blood group not A
Blood group A

1-0
0-9 (0-4 to 2-0)
0 9 (0-4 to 2-2)

1-0
0-7 (0-3 to 1-5)
0-6 (0-3 to 1-5)

1-0
1-5 (0 5 to 4 5)
1-2 (0-4 to 3 9)

1-0
0 5 (0-2 to 1-2)
1 1 (0-5 to 2-6)

1-0
0 7 (0 3 to 1-7)
0-9 (0-4 to 2-2)

1-0
0-6 (0-2 to 2-1)
1 1 (0-4 to 3-2)

1-0
1-7 (0-9 to 3 3)

1-0
1-3 (0-6 to 2 5)

1-0
1 1 (0 4 to 2 5)

*All analyses adjusted for CagA antibody, age, sex, race, and date of serum donation.

blood and cancer was similar in both tumour
subgroups (OR for intestinal cancer 1-9, 95%
I=0-9-3-9; OR for diffuse cancer 1'6, 95%
CI 06-4-4).
Discussion
Helicobacter pylori infection causes both
intestinal and diffuse types of gastric adenocarcinoma. The organism's carcinogenic
effects have been imputed to induction of
inflammation. Yet not all Hpylori strains cause
similar inflammatory changes. The phenotype
of H pylori that expresses CagA causes higher
degrees of acute and chronic inflammation
than the CagA negative phenotype, for unknown reasons. 16 18 26-28 Our study suggests
that this difference in phenotype impacts the
risk for malignancy. Overall, CagA positive
strains were three times more likely to lead to
cancer than CagA negative strains. This only
held true in the subgroup of intestinal type
cancers. Moreover, when compared with uninfected subjects, persons infected with CagA
negative strains had only a modest but not
significant, increase in their risk for cancer.
When evaluated by tumour type, however, an
interesting pattern was seen. Both phenotypes
of H tylon' seemed to increase risk for diffuse
type cancer but only the CagA phenotype was
associated with intestinal type malignancy.
This suggests that the mechanisms of carcinogenesis imputed to H pyloni differ for the two
types of cancer. Some likely confounders
measured in this study (socioeconomic status
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Intestinal cancer:
CagA antibodies
Low pepsinogen I
Diffuse cancer:
CagA antibodies
Low pepsinogen I
All cancers:
CagA antibodies
Low pepsinogenI

Unadjusted OR
(95% CI)

(as indicated by level of education), cigarette
smoking, and ABO blood group) did not
explain these associations.
Among the reasons H pylon strains may
show variation in leading to cancer is a differing
prediliction to cause atrophic gastritis. Atrophy
has been shown to occur more commonly
when the infecting strain expresses cytotoxin
than when it does not.29 Although cytotoxin
and CagA are not perfectly associated, cytotoxin expression is statistically much more
common when the CagA gene is also present
and expressed.'0 31 Moreover, a recent prospective study showed more frequent progression to atrophic gastritis in subjects with
CagA positive H pylori infection than in CagA
negative infected hosts.2" CagA positive strains
may thus set in action the chain of events that
results in intestinal type malignancy. Whereas
pepsinogen I concentration is an imperfect
marker of atrophy, concentrations below 50
ng/ml have been reported to indicate moderate
to severe corpus atrophy.25 In this study, nearly
one fourth of the excess risk associated with
CagA seropositivity could be explained by concommitant low pepsinogen concentrations.
Misclassification of atrophy by use of the
pepsinogen assay rather than direct examination of the mucosa would tend to underestimate this effect. The use of serum samples
obtained almost 15 years before diagnosis of
cancer could also potentially underestimate the
true relation between CagA and atrophic
gastritis. Development of corpus atrophy
during the interval years would have been
missed. Yet when we stratified our analysis by
interval from serum collection to diagnosis of
cancer, there were no trends in the associations
among CagA, atrophy, and cancer. Thus
whereas a proportion of cancer risk associated
with CagA positive H pyloni seems to be due to
its link with atrophic gastritis, our data suggest
other carcinogenic effects of CagA positive
strains independent of this pathway.
Diffuse type cancers have not been traditionally thought to arise after corpus atrophy but
to arise de novo from non-atrophic tissue.4 We
had little tissue with which to histopathologically differentiate between intestinal and
diffuse cancers. The presence of glandular
forms in tumours, therefore, could have been
missed and diffuse type cancer overdiagnosed.
Such misclassification would tend to bias the
results towards finding associations between
atrophy and diffuse malignancy where none
truly existed. On the other hand, our cases of
diffuse cancer were similar demographically to
diffuse cancers described in other studies. The
patients were younger than those with
intestinal cancer, more equally distributed
between males and females, and had a higher
prevalence of type A blood.' We doubt that
misclassification can account entirely for the
findings in this study, but the exact association
between CagA, pepsinogen, and diffuse
malignancy remains open to question.
In the past 10 years, investigators have
begun to piece together the many factors that
contribute to gastric carcinogenesis. Among
those infected with H pyloni, two factors
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enhance risk: seropositivity to CagA and low
pepsinogen concentration. Preliminary data
indicate that the CagA phenotype
is not
equally common in all populations.3233 Better
understanding of the distribution and interactions among these factors may foster development of intervention strategies to prevent
this often fatal malignancy.

