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Abstract Background. Infection with Helicobacter py-
lori has been linked with chronic atrophic gastritis, an in-
flammatory precursor of gastric adenocarcinoma. In a
nested case—control study, we explored whether H. pylori
infection increases the risk of gastric carcinoma.

Methods. From a cohort of 128,992 persons followed
since the mid-1960s at a health maintenance organiza-
tion, 186 patients with gastric carcinoma were selected as
case patients and were matched according to age, sex,
and race with 186 control subjects without gastric carcino-
ma. Stored serum samples collected during the 1960s
were tested for IgG antibodies to H. pylori by enzyme-
linked immunosorbent assay. Data on cigarette use, blood
group, ulcer disease, and gastric surgery were obtained
from questionnaires administered at enroliment. Tissue
sections and pathology reports were reviewed to confirm
the histologic results.

Results. The mean time between serum collection and
the diagnosis of gastric carcinoma was 14.2 years. Of the

ASTRIC carcinoma is estimated to be the world’s
second most common cancer.' Although the dra-
matic decline in the incidence of gastric carcinoma in
the United States and Western Europe over the past
50 years has led some to proclaim an “unplanned tri-
umph,”?in much of Latin America and Asia the inci-
dence remains very high.>*

Because the incidence of gastric carcinoma can
change dramatically from place to place and from one
generation to the next, it has been hypothesized that
its incidence is determined largely by environmental
rather than genetic factors.® From studies of migrants,
it has further been inferred that the risk is increased by
exposure to environmental factors in childhood.®®
One specific histologic type of gastric adenocarcino-
ma, the so-called intestinal type, is particularly prone
to the regional and temporal variations of an environ-
mentally related malignant condition®?; the decrease
in the incidence of stomach cancer in the United
States has resulted primarily from a decline in the
intestinal type of disease.!® The incidence of the less
common histologic type of adenocarcinoma, the dif-
fuse type, varies less over time and according to geo-
graphic location, although it too has decreased in
recent years.!! Association of the diffuse type with
blood-group A has suggested a genetic component to
its genesis.

Until recently, research on environmental causes of
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109 patients with confirmed gastric adenocarcinoma (ex-
cluding tumors of the gastroesophageal junction), 84 per-
cent had been infected previously with H. pylori, as com-
pared with 61 percent of the matched control subjects
(odds ratio, 3.6; 95 percent confidence interval, 1.8 t0 7.3).
Tumors of the gastroesophageal junction were not linked
to H. pylori infection, nor were tumors in the gastric cardia.
H. pylori was a particularly strong risk factor for stomach
cancer in women (odds ratio, 18) and blacks (odds ratio,
9). A history of gastric surgery was independently associ-
ated with the development of cancer (odds ratio, 17;
P = 0.03), but a history of peptic ulcer disease was nega-
tively associated with subsequent gastric carcinoma (odds
ratio, 0.2; P = 0.02). Neither blood group nor smoking his-
tory affected risk.

Conclusions. Infection with H. pyloriis associated with
an increased risk of gastric adenocarcinoma and may be a
cofactor in the pathogenesis of this malignant condition.
(N Engl J Med 1991;325:1127-31.)

gastric carcinoma focused primarily on diet. The re-
cent identification of Helicobacter pylori (formerly Cam-
pylobacter pylori'?) in chronic inflammatory conditions
of the stomach, however, has stimulated interest in its
potential role in carcinogenesis.'*'7 H. pylori has been
linked to chronic atrophic gastritis, an established pre-
cursor of the intestinal type of gastric carcinoma.'®!?
It is not surprising then that several areas in the Unit-
ed States and other parts of the world that are associ-
ated with a high risk of gastric carcinoma also have a
high prevalence of H. pylori infection, even among
young children.'*'* High rates of infection have also
been found in patients with cancer or precancerous
conditions,!” and a case—control study found that pa-
tients with gastric carcinoma had a relative risk of
H. pylori infection of 2.7 relative to healthy control
subjects.!® One study linked H. pylori with the intesti-
nal type of disease more specifically.? These cross-
sectional and retrospective investigations, however,
provide only circumstantial evidence for a causal asso-
ciation between H. pylori and gastric carcinoma. A
sequence more consistent with cause and effect —i.e.,
infection preceding cancer — has not been estab-
lished.

Serologic tests for H. pylori have been developed by
many investigators worldwide and have proved to be
excellent tools for studies of the epidemiology of
H. pylori.?"® As compared with endoscopy (in which
infection is defined by either a positive culture or his-
tologic staining), enzyme-linked immunosorbent as-
says (ELISAs) have proved to be sensitive and specific
for the detection of active disease. These assays do not
detect cross-reacting antibodies to C. jejuni, Escherichia
coli, or C. fetus.*** Although the concern remains that
serologic results may reflect past rather than concur-
rent infection, there is no evidence to date that positive
titers indicate anything but ongoing disease; persons
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with positive serologic results, including asymptomat-
ic control subjects, have been confirmed to have active
infections when gastric biopsy has been performed si-
multaneously. Serologic testing has proved so success-
ful in identifying ongoing infection that it has been
suggested that serologic analysis rather than biopsy be
considered the gold standard for diagnosis.?%

In the mid-1960s, the Kaiser Permanente Medical
Care Program collected and froze serum from a large
cohort of patients who received multiphasic health
checkups. Using this cohort, we performed a nested
case—control study to evaluate the association of the
different types of gastric carcinoma with antecedent
H. pylori infection as determined by ELISA.

METHODS
Study Population

Between 1964 and 1969, serum for frozen storage was collected
from 128,992 adult subscribers to the Kaiser Permanente Medical
Care Program who had participated in the multiphasic health
checkup, a comprehensive health examination.?® Subsequently, the
serum samples were shipped to and catalogued and maintained by
the Orentreich Foundation for the Advancement of Science, as de-
scribed previously.? Instances of hospitalization and tumor-regis-
try reports of the participants in the multiphasic health checkup
were monitored routinely, and cancer outcomes were recorded and
usually verified by record review.

Between enrollment and October 1989, 246 participants were
given a diagnosis of gastric carcinoma. Of these patients 200 were
randomly selected as case patients. Each patient was matched ac-
cording to age at serum donation (%12 months), sex, race, date of
serum donation (+6 months), and site at which the multiphasic
health checkup was performed (Oakland or San Francisco) to one
of the participants in the multiphasic health checkup who did not
have gastric carcinoma (the control subjects). History of cigarette
use, ulcer disease, and gastric surgery before serum donation was
obtained from questionnaires answered at the time of enrollment in
the multiphasic health checkup. Gastric and duodenal ulcers were
not distinguished on the questionnaire but were included together in
the category “ulcer disease.” Questionnaire data concerning ciga-
rette use and ulcers have been validated previously.*® Blood-group
data were also obtained from records compiled for the multiphasic
health checkup.

ELISA

Serum samples were tested by ELISA for H. pylori IgG. The high-
molecular-weight cell-associated proteins from three strains of
H. pylori eluted on an agarose A-5m column were used as the ELISA
antigen, as described previously.?' One microliter of serum, diluted
1:100, was used for each assay; peroxidase conjugate of antihuman
IgG was diluted 1:1000. The threshold for a positive ELISA was set
at twice the mean value obtained for 15 known negative controls.
These 15 negative controls and 1 positive control were used to cali-
brate each run. In our laboratory, the assay had a sensitivity of 91
percent and a specificity of 98 percent for active gastric infection
when tested on 74 control samples (22 positive and 52 negative)
with biopsy-proved infection. All assays were done in duplicate on
three separate days and were performed without knowledge of the
case—control status or histologic results.

Histopathological Analysis

All biopsy reports and tissue specimens from the patients were
reviewed for histologic features suggestive of tumor. If possible, the
location of the tumor in the stomach was categorized into one of
three groups: body or fundus, antrum or pylorus, or cardia. Because
of their association with Barrett’s esophagus,®? adenocarcinomas of
the gastroesophageal junction were categorized separately. Gastric
adenocarcinomas were classified as either intestinal type or diffuse
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type according to the criteria of Lauren.?® Tissue sections from
metastases were assumed to have the same histologic features as the
primary gastric tumor. Biopsy sections were not examined for
H. pylori infection.

Statistical Analysis

After the serum analysis, epidemiologic, pathological, and sero-
logic data were entered and analyzed with the Epilnfo (Centers for
Disease Control, Atlanta) and Egret (Statistics and Epidemiology
Research Corporation, Seattle) computer programs. Pairs of pa-
tients and control subjects were excluded from analysis if serum was
not available from both members of the pair. Matched analysis was
done with McNemar’s chi-square test with 95 percent confidence
intervals as described previously,* the paired t-test, and conditional
logistic regression. Unmatched analyses among case patients were
done with the chi-square test, the t-test, and logistic regression.

REsuLTSs

Of the 200 eligible pairs of patients and control
subjects, 186 (93 percent) had banked serum samples
available from both members of the pair and were
included in the analysis. As can be seen in Table 1, the
patients and control subjects were closely matched.
Gastric carcinoma was diagnosed a mean of 14.2 years
after serum collection (range, 1 to 24).

Tissue sections and pathology reports were re-
viewed for 149 of the 186 patients (80.1 percent), and
reports alone were reviewed for 13 (7.0 percent); 24
patients (12.9 percent) had no pathological confirma-
tion of cancer (Table 2). Of the 162 cases for which
some pathological information was available, 109
were adenocarcinomas of the stomach. Of the adeno-
carcinomas of the stomach, 74.3 percent were of the
intestinal type. Sixty-eight occurred at a specific gas-
tric site: 34 in the antrum or pylorus, 30 in the body or
fundus, and 4 in the cardia. The remaining 41 tumors
either were extensive and involved multiple sites or
involved sites that could not be determined from the
available data.

The epidemiologic features of cases of intestinal-
type and diffuse-type cancers suggested that the likeli-
hood of misclassification was low. The mean age of
the patients with intestinal-type adenocarcinoma was
68.7 years, as compared with 65.6 years for patients
with diffuse-type adenocarcinoma (P = 0.2). Seventy-
three percent of the cases of intestinal-type cancer
occurred in men, as compared with 61 percent of the
cases of diffuse-type adenocarcinoma (P = 0.2). The
matched odds ratio for type A blood in patients with
intestinal-type adenocarcinoma was 1.1 (95 percent

Table 1. Demographic Characteristics of Patients
and Control Subjects.

PATIENTS CONTROLS

CHARACTERISTIC (N = 186) (N = 186)
Mean age at enrollment — yr 53.7 53.7
Female — no. (%) 64 (34.4) 64 (34.4)
Race — no. (%)

Asian 4(2.2) 4 (2.2)

Black 35 (18.8) 35 (18.8)

White 147 (79.0) 147 (79.0)
H. pylori infection* — no. (%) 149 (80.1) 111 (59.7)

*Matched odds ratio, 2.65; 95 percent confidence interval, 1.64 to 4.28.
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Table 2. Histologic Diagnoses of Cases.

TypE oF TUMOR No. oF CASEs (%)

Adenocarcinoma of stomach 109 (58.6)
Intestinal type 81 (43.5)
Diffuse type 28 (15.1)

Gastroesophageal-junction 27 (14.5)

adenocarcinoma

Gastric lymphoma i1 (5.9

Other* 7(3.8)

Undetermined 84.3)

No pathological results reviewed 24 (12.9)
*Includes two sq 11 tumors of the esophagus, two

leiomyomas, one ovarian cancer, one case of Ménétrier’s dis-
ease, and one benign adenoma. .

confidence interval, 0.6 to 2.2); the matched odds ratio
in patients with diffuse-type disease was 2.0 (95 per-
cent confidence interval, 0.6 to 6.6). The older age of
the patients with intestinal cancer and the higher pro-
portion of men are consistent with known epidemio-
logic features of intestinal-type disease, whereas the
slight predominance of men and the association with
type A blood are typical of diffuse disease.?®

H. pylori infection was a risk factor for the develop-
ment of both types of adenocarcinomas of the stom-
ach (Table 3). The odds ratio for H. pylori infection
was elevated considerably in adenocarcinomas of the
antrum or pylorus (odds ratio, 7.0; 95 percent confi-
dence interval, 0.9 to 56.9) and those of the body or
fundus (odds ratio, 4.7; 95 percent confidence interval,
1.3 to 16.2). Only one of the four patients with adeno-
carcinoma in the cardia and one of the four matched
control subjects were infected with H. pylori. H. pylori
infection was not associated with tumors of the gastro-
esophageal junction. Although the elevated odds ratio
in gastric lymphoma suggested a possible association
with H. pylori infection, the number of cases was too
small for an accurate analysis. Among the 32 pairs for
whom histologic diagnosis could not be confirmed (be-
cause the results were indeterminate or no specimen
was available for review), H. pylori infection was also
significantly more common in the patients than in the
control subjects (odds ratio, 5.5; 95 percent confidence
interval, 1.2 to 24.8).

Data were stratified according to sex and race.
H. pylori infection was a significant risk factor for ad-
enocarcinoma in women but not in men (Table 4). In
blacks, H. pylori infection appeared to be a more im-
portant risk factor for adenocarcinoma than in whites,
but the wide confidence intervals overlapped. Neither
blood group nor smoking history affected risk in condi-
tional logistic-regression models.

Seven patients had undergone gastric surgery be-
fore serum samples were obtained, and a total of
22 participants (8 patients and 14 control subjects)
(matched odds ratio, 0.4; 95 percent confidence inter-
val, 0.1 to 1.3) had a history of peptic ulcer disease
before their initial multiphasic health checkup, al-
though the sites of the ulcers were not ascertained. All
7 patients who had undergone gastric surgery and 21
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of the 22 subjects with ulcers (95.5 percent) were sero-
positive for H. pylori. In a conditional logistic-regres-
sion model of all pairs of participants except the seven
containing patients with nongastric cancers, H. pylori
infection (odds ratio, 2.7; P<<0.001) and gastric sur-
gery (odds ratio, 16.8; P = 0.03) were independent
risk factors for cancer, whereas peptic ulcer disease
was negatively associated with the subsequent de-
velopment of cancer (odds ratio, 0.2; P = 0.02).
For adenocarcinoma, ulcer disease (n = 21) remained
negatively associated with cancer (odds ratio, 0.2;
P = 0.05) whereas H. pylori infection remained a risk
factor (odds ratio, 3.8; P<<0.001). For adenocarcino-
ma, the number of patients who had undergone gas-
tric surgery was small (n = 4), and the increased odds
ratio was not significant (odds ratio, 7.9; P = 0.1).

DiscussioNn

Chronic inflammation, with or without infection,
has been causally linked to the development of cancer.
Examples include vesicular schistosomiasis and blad-
der cancer, inflammation caused by draining sinus
tracts and squamous-cell carcinoma, and ulcerative
colitis and colon cancer. Our study demonstrated a
strong association between infection with H. pylori —
an organism that uniformly causes gastric inflamma-
tion — and gastric adenocarcinoma. Persons seroposi-
tive for H. pylori were approximately three times more
likely to have gastric adenocarcinoma in the ensuing
1 to 24 years of follow-up than were control subjects
matched for age, sex, and race.

On the basis of previous studies*>* and the known
epidemiologic features of gastric adenocarcino-
ma,?>%!! we suspected that intestinal-type cancer but
not the diffuse type would be linked to H. pylori. This
proved not to be the case: H. pylori was associated with
an increased risk for all adenocarcinomas, whether
diffuse or intestinal, and whether located in the body
of the stomach or in the antrum. Although it is possi-
ble that some misclassification of the type of tumor led
to this finding, the characteristics of the patients with
these two histologic types of cancer were consistent
with previously described epidemiologic features and
did not suggest misclassification. In contrast, tumors
of the gastroesophageal junction, which frequently
arise from the abnormal mucosa in Barrett’s esopha-

20,35

Table 3. Association of H. pylori with Different Types of Gastric

Tumor.
MATCHED 95%
No. oF  PATIENTS  CONTROLS Opbs CONFIDENCE
TyPE oF TUMOR Pairs*  INFECTED  INFECTED RaATIO INTERVAL
percent

Adenocarcinoma 109 84.4 60.6 3.6 1.8-7.3

Intestinal type 81 82.7 59.3 3.1 1.5-6.6

Diffuse type 28 89.2 64.3 8.0 1.0-64.0
Gastroesophageal- 27 63.0 70.4 0.8 0.3-2.1

junction tumor

Gastric lymphoma 11 90.9 63.6 4.0 0.5-35.8

*Each pair consisted of a patient and a control subject.
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Table 4. Stratified ‘Analysis of the Association of H. pylori with
Adenocarcinoma.*

MATCHED 95%
STRATIFICATION No. oF PATIENTS CONTROLS Opps ‘CONFIDENCE
Grour Palrst INFECTED INFECTED RaTio INTERVAL
percent
Sex
Female 33 90.9 394 18.0 2.4-134.8
Male 76 81.6 69.7 2.0 0.9-4.5
Racet
Black 27 96.3 66.7 9.0 1.1-71.0
White 79 79.7 58.2 29 1.4-6.2
*Includes intestinal-type and diffuse-type adk i of the h

tEach pair consisted of 2 patient and a control subject.
$Excludes three Asians with adenocarcinoma.

gus, were not linked to H. pylori infection. Therefore,
we conclude that H. pylori infection is associated with
an increased risk of all gastric adenocarcinomas that
occur distal to the cardia.

It is possible that an unidentified factor increases
susceptibility both to H. pylori infection and to gastric
carcinoma and that H. pylori might just be a marker for
an increased risk of cancer. H. pylori, however, is a
plausible pathophysiologic cofactor for cancer. Several
potential mechanisms can be postulated: metabolic
products of the organisms directly transform the mu-
cosa; rapid turnover of cells resulting from infection-
related injury increases the risk of DNA damage, pre-
disposing the mucosa to transformation by ingested or
endogenous mutagens; and endogenous byproducts of
inflammation, such as superoxide and hydroxyl ions,
cause oxidative damage, mutation, and malignant
transformation.* These mechanisms are not mutually
exclusive, and a combination of mechanisms is likely.

It is clear, however, that infection with H. pylori
alone cannot explain the pathogenesis of gastric carci-
noma. H. pylori infection is extraordinarily common,
affecting approximately 50 percent of North American
adults who are older than 50 years, and in some devel-
oping nations it affects almost all adults.*” Only a very
small percentage of infected persons will ever have
gastric carcinoma. There must be other critical cofac-
tors affecting risk, cofactors that may also explain the
difference in risk between blacks and whites and be-
tween men and women. Possible cofactors are age at
the onset of infection, diet, and differences in gastric
acidity.

We hypothesize that in order to increase the risk of
cancer, H. pylori infection must begin in childhood.
Spontaneous cures of H. pylori infection have not been
documented, and it is likely that infection acquired
early persists throughout life.*® Studies of migrants
have reported that the risk of gastric carcinoma is
determined in childhood.®® There are few other envi-
ronmental factors, besides H. pylori infection, that can
retain their effect over a lifetime. Decades of inflam-
mation and exposure of dividing stem cells to in-
flammatory or exogenous mutagens might provide
sufficient time for multiple mutations and malignant
transformation.

Diet may also have an important effect on the risk of

Oct. 17, 1991

cancer. Dietary factors that have been suspected to
increase risk, such as nitrates, carbohydrates, and salt,
could potentially amplify the risk of mutation beyond
that due to inflammation alone. Proposed protective
dietary components, such as fresh vegetables and
fruits,’3** probably exert their effects through vita-
mins A, C, and E, dietary antioxidants that might
limit inflammation-related oxidative damage.”?

As has been previously reported,*' gastric surgery
was an independent risk factor for cancer. The nega-
tive association with peptic ulcer disease, however,
was unanticipated. In the light of the close association
of H. pylori infection with both ulcer disease and gas-
tric carcinoma, one would expect ulcer disease and
gastric carcinoma to be directly, rather than inversely,
related. It is possible that cofactors in the pathogenesis
of H. pylori—related ulcer disease protect against the
subsequent development of gastric carcinoma. For ex-
ample, acid might be necessary for peptic ulcer disease
to occur but might inhibit gastric carcinogenesis.
Similarly, ulcer disease might reflect the occurrence
of an acute infection in adulthood and the absence
of a chronic infection in childhood. Alternatively,
treatment of ulcer disease may impart protection
against gastric carcinoma. If the inverse relation be-
tween ulcer disease and cancer is corroborated, impor-
tant clues to the pathogenesis of carcinoma may be
uncovered.

Gastric carcinoma remains a major killer world-
wide. Crude etiologic-fraction calculations of data
from this study suggest that 60 percent of gastric
adenocarcinomas are attributable to infection with
H. pylori; this implies that 60 percent of the cases of
cancer would disappear if H. pylori did not exist.
H. pylori infection is both readily diagnosed and cur-
able. Whether eradication of gastric infection would
actually decrease the risk of cancer, however, remains
to be seen. Even if elimination of the organism is
found to affect the risk of cancer, indiscriminate treat-
ment of all infected persons is unlikely to be a practi-
cal, cost-effective approach to reducing the incidence
of this uncommon cancer. Populations considered to
be at particularly high risk, however, might benefit
from screening for H. pylori infection, treatment, pal-
liation (e.g., with antioxidant vitamins), or preventive
measures. To define high-risk populations further,
epidemiologic and laboratory studies are needed to
explore interactions of H. pylori infection with poten-
tial cofactors for cancer.

We are indebted to Shufang Yang, Joan Thomas, Merril Jackson,
and Donna Wells for technical assistance.
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