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A case-control study of stomach cancer which includes 448
cases and 610 hospital controls has been conducted in Mos-
cow, Russia. Information on life-style habits, such as smoking,
alcohol consumption, diet, medical history and use of differ-
ent medications including aspirin and other non-steroidal
anti-inflammatory drugs (NSAIDs) was collected using a
self-administered structured questionnaire. Venous blood
was drawn from 361 cases and 441 controls. A serological test
for Helicobacter pylori immunoglobulin G was performed to
detect infected individuals. Use of aspirin and other NSAIDs
was associated with protection against cancer of the stomach
(OR 5 0.60, 95% CI 0.41–0.90). Analysis by subsite revealed
that aspirin did not affect the risk of cancer of the gastric
cardia but had a protective effect for non-cardia gastric
cancer. The OR associated with use of aspirin adjusted for age
and education for both sexes combined was 0.49 (95% CI
0.31–0.77). A decrease in relative risk was statistically signifi-
cant for men (OR 5 0.48, 95% CI 0.25–0.92) and women
(OR 5 0.52, 95% CI 0.28–0.97). Controlling for major risk
factors did not attenuate the reduction in risk. The observed
associations were also present in individuals who were H.
pylori immunoglobulin G-positive. There was no reduction in
risk associated with aspirin and/or non-aspirin NSAIDs among
non-infected subjects. Int. J. Cancer 82:473–476, 1999.
r 1999 Wiley-Liss, Inc.

Knowledge on the cancer-preventive effects of non-steroidal
anti-inflammatory drugs (NSAIDs) is derived largely from a range
of experimental studies. There are many publications dealing with
the inhibition of colorectal carcinogenesis by NSAIDs in rodent
models. Most of the NSAIDs tested effectively inhibit colorectal
tumours in rats and mice (IARC, 1997).

NSAIDs are currently understood to function primarily through
a reduction in prostaglandin synthesis. There is overwhelming
evidence of a significant association between prostaglandins and
carcinogenesis. Increased levels of prostaglandins, most notably
E2, have been detected in many malignant tumours. They presum-
ably act as co-carcinogens by enhancing tumour progression
(IARC, 1997).

The most widely used NSAID is acetylsalicylic acid — aspirin.
A number of other anti-inflammatory agents of similar pharmaco-
logical activity have been developed, including indomethacin and
related derivatives, oxicams, phenylalkanoic acid and related
derivatives, pyrazole derivatives and others (Frolich, 1997).

The first report on the protective effect of aspirin use against
cancer in humans is that of Kuneet al. (1988), who reported a
negative association between the use of aspirin and risk of
colorectal cancer. The potential cancer-preventive activity of
aspirin and non-aspirin NSAIDs has since been evaluated in
several epidemiological case-control (Rosenberget al., 1991; Suh
et al., 1993; Muskatet al., 1994; Peleget al., 1994; Reeveset al.,
1996) and cohort (Thunet al., 1993; Giovannucciet al., 1994,
1995) studies. The results suggest that regular aspirin users have a
35% to 50% lower risk of colorectal cancer than those who never
use aspirin. The reduction in risk of colorectal cancer is associated
with the use of both aspirin and non-aspirin NSAIDs (Peleget al.,
1994; Reeveset al., 1996). In the Harvard Health Professionals
cohort study, regular users of aspirin had a lower risk of both
colorectal cancer and adenomas than non-users. The incidence of
colorectal cancer has been shown to be associated with the dose
and duration of aspirin use. In the cohort study of 89,446 US female

nurses, the relative risk (RR) for colorectal cancer decreased
progressively with years of aspirin use (Giovannucciet al., 1995).

The potential cancer-preventive effects of aspirin and non-
aspirin NSAIDs have also been observed for esophageal and
gastric cancers (Gridleyet al., 1993; Thunet al., 1993; Farrowet
al., 1998).

We report here the results of a case-control study of stomach
cancer conducted in Moscow, Russia, an area with a high incidence
of stomach cancer. Age-standardized rates (world standard popula-
tion) of stomach cancer per 100,000 person-years in Moscow are
35.9 in men and 16.8 in women.

MATERIAL AND METHODS

The sources of patients for our study were the Moscow City
Oncology Hospital and the Cancer Research Center, the 2 main
cancer-treatment hospitals in Moscow. Cases consisted of all
patients with newly diagnosed, histologically confirmed cancer of
the stomach who were admitted to these hospitals from February
1996 to March 1997. For this study, patients were those who lived
in Moscow City. A total of 448 incident cases, 248 men and 200
women, were identified. Because of weekly hospital contacts, all
cases were interviewed within 3 to 4 days after the diagnosis of
stomach cancer had been established, thus before the start of any
treatment.

A total of 610 hospital controls (292 men and 318 women) were
selected among the patients of 2 major general hospitals in Moscow
which have the same catchment areas as the cancer hospitals from
which the cases were recruited. All patients admitted to these
hospitals during the study period (February 1996 to March 1997)
were recruited. Patients who had cancer and/or GI diseases were
ineligible as controls. Controls were also restricted to Moscow City
residents.

Cases and controls were approached in hospital wards during the
first week after admission into hospital. Information on life-style
habits such as smoking, alcohol consumption, diet, physical
activity, family history of cancer and medical history was collected
using a self-administered structured questionnaire. In addition,
cases and controls were asked whether they had used any of 12
medications, 2 of which were aspirin and non-aspirin NSAIDs. For
aspirin and/or non-aspirin NSAIDs, regular use was defined as use
on at least 2 days a week for 6 months or more. The compliance rate
was high: 98.3% among gastric cancer patients and 96.5% among
controls.

Venous blood was drawn from 361 (199 men and 162 women)
patients with gastric cancer and 441 (205 men and 236 women)
controls. A serological test forHelicobacter pyloriimmunoglobu-
lin G was performed to detect infected individuals.
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The odds ratio (OR) was computed as a measure of the
association between exposure to factors of interest and cancer of
the stomach. The OR compares the odds of exposure of cases with
those of controls. Multivariate logistic regression methods were
used to compute ORs and confidence intervals (CI) and to adjust
for potential confounding variables (Breslow and Day, 1980).

RESULTS

Table I shows the distribution of cases and controls according to
demographic characteristics, life-style habits and medical history.
Cases were older than controls (p , 0.001). Controls were more
educated than cases (p , 0.001). Among cases, there were more
people who smoked more than 10 cigarettes per day (p 5 0.013).
Duration of smoking among cases was also significantly longer
than among controls (p , 0.001). More cases consumed strong
alcoholic beverages, namely vodka, than controls (p 5 0.001).
Significantly more cases (50%) than controls (34.2%) reported a
history of upper gastrointestinal (GI) symptoms (p , 0.001).
Slightly more cases (49.03%) than controls (48.75%) were infected
with H. pylori.

Controls had the following clinical diagnoses: diseases of the
nervous system (10%); respiratory diseases,i.e.,bronchitis, asthma
(10%); heart diseases, including myocardial infarction, ischaemic
heart disease, angina pectoris (9.5%); bone fractures and trauma
(5.5%); disease of joints and vertebrae (6.5%); surgical conditions,
including appendicitis and hernia (7.8%); urological diseases
(6.4%); diseases of the eye and ear (7.3%); diseases of female
reproductive organs (6.4%); immunological diseases and allergy
(6.2%); benign neoplasms (6.2%); skin conditions (5.0%); hyper-
tension (5.3%); stroke (3.4%); others (4.5%).

Among 448 patients with histologically confirmed cancer of the
stomach included in our study, 66.9% had adenocarcinoma, 13.8%

had signet-ring cell carcinoma, 7.1% had a mixture of adenocarci-
noma and signet-ring cell carcinoma, 5.5% had adenosquamous
cancer, 5.3% had poorly differentiated tumours and the rest
exhibited no clear histological pattern.

The subsite distribution of cancer in the stomach based on
individual medical records was as follows: Of 448 patients, 92 had
cancer of the gastric cardia, and 356 had non-cardia gastric cancer,
of whom 160 had cancer of the gastric antrum.

Use of aspirin was associated with a statistically significant
reduction in risk of gastric cancer. Those who used aspirin had a
40% lower incidence of gastric cancer than individuals who
reported no aspirin use. The OR adjusted for age and education for
both sexes was significantly below unity (OR5 0.60, 95% CI
0.41–0.90). ORs associated with intake of aspirin for men and
women separately were also below unity and statistically signifi-
cant for women (OR5 0.55, 95% CI 0.31–0.98) but not for men
(OR 5 0.67, 95% CI 0.39–1.15). Because of a small number of
subjects who used non-aspirin NSAIDs only (16 cases and 34
controls) and because use of aspirin and non-aspirin NSAIDs
frequently overlapped, we were not able to assess separately their
effect on gastric cancer risk. We computed risks associated with
aspirin and/or non-aspirin NSAIDs. Risk of gastric cancer associ-
ated with use of aspirin and/or non-aspirin NSAIDs combined was
significantly reduced (OR5 0.65, 95% CI 0.45–0.93). The results
for women (OR5 0.60, 95% CI 0.35–0.99) were also statistically
significant, while for men (OR5 0.72, 95% CI 0.43–1.21) CIs
included 1 (Table II) .

Analysis by subsite revealed that aspirin and non-aspirin NSAIDs
do not affect the risk of cancer of the gastric cardia. The risks of
cancer of the gastric cardia associated with aspirin (OR5 1.14) and
aspirin and/or non-aspirin NSAID (OR5 1.16) intake were around
1 for both sexes combined, as well as for men and women
separately (not shown). However, the association was stronger for
non-cardia gastric cancer than for all cases of stomach cancer
combined. Those who used NSAIDs had a 50% reduction in the
incidence of non-cardia gastric cancer compared to individuals
who reported no use of aspirin and non-aspirin NSAIDs. ORs
adjusted for age and education associated with aspirin intake were
significantly reduced for both sexes combined (OR5 0.49, 95% CI
0.31–0.77) and women (OR5 0.52, 95% CI 0.28–0.97) and men
(OR 5 0.48, 95% CI 0.25–0.92) separately. Risks associated with
aspirin and/or non-aspirin NSAID use for non-cardia gastric cancer
for both sexes combined was also statistically significantly reduced
(OR 5 0.52, 95% CI 0.34–0.79). The OR for women was 0.53
(95% CI 0.30–0.92) and that for men was 0.53 (95% CI 0.29–0.98)
(Table II).

Adjustment for smoking and strong alcohol (vodka) consump-
tion did not attenuate the reduction in risks associated with use of
aspirin or of aspirin and/or non-aspirin NSAIDs. The decrease in
risks was statistically significant for both sexes combined as well as
for men and women separately. ORs adjusted for age, education
and consumption of vodka in both sexes combined and women for
aspirin and/or non-aspirin NSAIDs were also significantly de-
creased, while in men, the reduction in risk was marginally
significant (Table II).

To control for a possible effect of a higher frequency of upper GI
disease symptoms among cases which might have prevented the
use of aspirin and non-aspirin NSAIDs, we computed ORs adjusted
for the presence of upper GI disease symptoms in the medical
history. The RRs associated with intake of aspirin and/or aspirin
and non-aspirin NSAID intake were statistically significantly
decreased for both sexes combined as well as for men and women
separately (Table II).

Because the risk associated with use NSAIDs might have been
affected by infection withH. pylori, a known risk factor for gastric
cancer, we conducted additional analyses according to the presence
or absence ofH. pylori infection (Table III). Among subjects
infected withH. pylori, the risks of gastric cancer of all subsites
combined, of non-cardia gastric cancer and of gastric antrum
cancer were significantly reduced. Among non-infected subjects,

TABLE I – DESCRIPTIVE DATA FOR GASTRIC CANCER PATIENTS
AND CONTROLS

Variable Controls %
(n 5 610)

Cases %
(n 5 448) p value

Age at interview (years)
,55 43.37 20.22 ,0.001
55–59 20.95 18.00
60–64 12.27 16.44
65–69 12.93 23.78
.70 10.47 21.56

Sex
Male 47.95 55.11 0.021
Female 52.05 44.89

Education
Primary 11.64 19.46 ,0.001
Secondary 21.31 27.07
Secondary, technical 34.92 30.65
University 32.13 22.82

Smoking (years)
Never 57.40 55.40 ,0.001
0–21 13.98 10.34
22–33 15.47 9.20
.34 13.14 25.06

Smoking (number of cigarettes
per day)

Never 58.18 57.11 0.013
0–9 11.80 6.40
10–19 14.67 18.01
.20 15.35 18.48

Consumption of strong alcohol
(vodka)

No 36.66 27.33 0.001
Yes 63.34 72.67

History of GI symptoms
No 65.79 50.00 ,0.001
Yes 34.21 50.00

H. pylori infection (n5 441) (n5 361) 0.94
No 51.25 50.97
Yes 48.75 49.03
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there was no reduction in risk or it was statistically not significant.
We have observed strong interactions between the effects of the use
of aspirin and/or non-aspirin NSAIDs andH. pylori infection on
the risk of gastric cancer;p values for interaction were statistically
significant or marginally significant.

DISCUSSION

Several epidemiological studies (Kuneet al., 1988; Rosenberget
al., 1991; Suhet al., 1993; Muskatet al., 1994; Peleget al., 1994;
Reeveset al., 1996; Thunet al., 1993; Gionannucciet al., 1994,
1995) have reported a consistent and moderate reduction in the risk
of colorectal cancer associated with aspirin use. Some of these
studies addressed NSAIDs as a side issue, whereas others focussed
directly on aspirin and other NSAIDs.

A negative association between use of aspirin and risk of gastric
cancer was reported in 2 cohort studies (Gridleyet al., 1993; Thun
et al., 1993) and 1 case-control study (Farrowet al., 1998). Gridley
et al. (1993) found fewer cases of gastric cancer than expected
(observed/expected 39/62; RR5 0.63, 95% CI 0.5–0.9) among
patients with rheumatoid arthritis in Sweden. Thunet al.(1993), in
an American Cancer Society cohort study, found lower death rates
from cancer of the oesophagus (RR5 0.78, 95% CI 0.42–1.4) and
stomach (RR5 0.49, 95% CI 0.22–1.12) among regular aspirin
users than among people who had never used aspirin. The trend of
decreasing risk with increasing frequency of use was statistically
significant for gastric cancer (p for trend5 0.002).

Farrow et al. (1998) have reported a reduction in the risk
associated with use of aspirin and other NSAIDs in non-cardia
gastric adenocarcinoma (OR5 0.46, 95% CI 0.31–0.68) but not in

TABLE II – ASPIRIN AND NON-ASPIRIN (NA) NSAID INTAKE AND RISK OF CANCER OF THE STOMACH

Gastric cancer Non-cardia gastric cancer

Controls
n

Cases
n OR1 (95% CI)2 Cases

n OR3 (95% CI) OR4 (95% CI) OR5 (95% CI) OR6 (95% CI)

Men and women
Aspirin

No 523 400 1.0 324 1.0 1.0 1.0 1.0
Yes 87 48 0.60 (0.41–0.90) 32 0.49 (0.31–0.77) 0.48 (0.31–0.77) 0.50 (0.32–0.79) 0.48 (0.30–0.75)

Aspirin 1 NA NSAID
No 504 389 1.0 316 1.0 1.0 1.0 1.0
Yes 106 59 0.65 (0.45–0.93) 40 0.52 (0.34–0.79) 0.53 (0.35–0.80) (0.54 (0.36–0.81) 0.49 (0.32–0.75)

Men
Aspirin

No 250 220 1.0 172 1.0 1.0 1.0 1.0
Yes 42 28 0.67 (0.39–1.15) 16 0.48 (0.25–0.92) 0.46 (0.24–0.90) 0.53 (0.27–1.02) 0.46 (0.24–0.88)

Aspirin 1 NA NSAID
No 245 216 1.0 169
Yes 47 32 0.72 (0.43–1.21) 19 1.0 1.0 1.0 1.0

0.53 (0.29–0.98) 0.52 (0.28–0.98) 0.58 (0.32–1.08) 0.51 (0.27–0.94)
Women

Aspirin
No 273 180 1.0 152 1.0 1.0 1.0 1.0
Yes 45 20 0.55 (0.31–0.98) 16 0.52 (0.28–0.97) 0.50 (0.26–0.95) 0.50 (0.26–0.94) 0.51 (0.27–0.97)

Aspirin 1 NA NSAID
No 259 173 1.0 147 1.0 1.0 1.0 1.0
Yes 59 27 0.60 (0.35–0.99) 21 0.53 (0.30–0.92) 0.51 (0.29–0.90) 0.51 (0.29–0.90) 0.50 (0.28–0.87)

1OR adjusted for age and education.–2Confidence intervals.–3OR adjusted for age and education.–4OR adjusted for age, education and
smoking.–5OR adjusted for age, education and consumption of vodka.–6OR adjusted for age, education and presence of upper GI symptoms.

TABLE III – VARIATION OF GASTRIC CANCER RISK ASSOCIATED WITH ASPIRIN AND NON-ASPIRIN (NA) NSAID USE ACCORDING TO THE PRESENCE OR ABSENCE
OFH. pylori INFECTION

Non-infected Infected p value for
interactionControls n Cases n OR1 95% CI2 Controls n Cases n OR1 95% CI2

Gastric cancer
Aspirin

No 191 158 1.00 183 162 1.00 0.092
Yes 34 24 0.81 (0.44–1.48) 32 15 0.39 (0.19–0.77)

Aspirin 1 NA NSAID
No 182 150 1.00 177 159 1.00 0.044
Yes 43 32 0.91 (0.53–1.58) 38 18 0.39 (0.21–0.75)

Non-cardia gastric cancer
Aspirin

No 191 122 1.00 183 136 1.00 0.254
Yes 34 13 0.59 (0.28–1.21) 32 12 0.33 (0.16–0.71)

Aspirin 1 NA NSAID
No 182 117 1.00 177 133 1.00 0.200
Yes 43 13 0.67 (0.35–1.27) 38 15 0.36 (0.18–0.72)

Cancer of the antrum
Aspirin

No 191 44 1.00 183 69 1.00 0.049
Yes 34 8 1.01 (0.40–2.53) 32 5 0.28 (0.10–0.79)

Aspirin 1 NA NSAID
No 182 44 1.00 177 69 1.00 0.078
Yes 43 8 0.75 (0.31–1.84) 38 5 0.23 (0.08–0.65)

1OR adjusted for age and education.–2Confidence intervals.
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gastric cardia adenocarcinoma (OR5 0.80, 95% CI 0.54–1.19)
patients. The association with NSAID use persisted when use
within 2 or 5 years of the reference date was excluded, which might
have been affected by pre-clinical disease in cases, and when
analysis was restricted to subjects with no history of chronic GI
symptoms.

In our case-control study, we observed a reduced risk of gastric
cancer among individuals who reported having used aspirin and
non-aspirin NSAIDs at least 2 days a week for 6 months or more.
The magnitude of this inverse association is similar to that reported
by Farrow et al. (1998). Similar to the results of Farrowet al.
(1998), the effects of NSAIDs were not consistent. Although a
substantial protective effect was observed for cancer arising at sites
other than the gastric cardia, the risk of cardial tumours was not
reduced. NSAID use had a strong protective affect for gastric
cancer as a whole, non-cardia gastric cancer and cancer of the
gastric antrum among individuals infected withH. pylori, while
among non-infected subjects, the risk of these tumours was not
reduced.

We have considered the possible confounding by some life-style
factors, such as smoking and alcohol, namely, vodka, consumption.
Adjustment of the analysis for smoking and vodka consumption
did not modify the risk estimates.

We have identified several potential methodological problems in
our study, related to the design of the study, in particular the
selection of controls. Although hospital-based studies are generally
more prone to selection bias than population-based studies, they
offer less room for recall bias and, therefore, differential exposure
misclassification. Differential misclassification of exposure (i.e.,
cases over-reporting use of NSAIDs compared with controls) is
likely to be not marked in our hospital-based study since cases and
controls alike were patients interviewed in the hospitals.

Several limitations of our study must be noted. We addressed the
use of aspirin and/or non-aspirin NSAIDs as a side issue and,
therefore, did not collect data on doses, frequency and duration of
use. Thus, we cannot provide evidence of any dose-response
relationship between aspirin use and a reduction in gastric cancer
risk. We also do not have information about the indications for
NSAID use. It is possible that upper GI disease symptoms, which
might be an early manifestation of gastric cancer, would prevent
use of NSAIDs. Changes in aspirin use may be precipitated by
early symptoms of neoplasia. Therefore, we made adjustments in
the logistic-regression model for the presence of upper GI disease
symptoms and have observed a somewhat stronger association
between aspirin use and gastric cancer risk.

Such an association of NSAID use with the risk of gastric cancer
after adjustment for the presence of upper GI symptoms is in
agreement with our other findings,i.e., the strong protective effect
of NSAIDs amongH. pylori-infected, but not among non-infected,
subjects. This observation suggests that NSAIDs may act by
inhibiting one or more effects ofH. pylori, which eventualy lead to
the development of gastric cancer. While infection withH. pylori is
usually associated with the presence of gastritis and upper GI
symptoms, inhibition of gastric carcinogenesis by NSAIDsvia
blocking effects produced byH. pylori explains the absence of
anti-carcinogenic effects on cancer of the gastric cardia, as
observed by us and by Farrowet al. (1998). It has indeed been
shown that the risk of cancer of the gastric cardia is not affected by
H. pylori infection (IARC, 1994).

Although the mechanisms underlying the anti-carcinogenic
effects of NSAIDs are not well understood, it has been suggested
that they act by blocking prostaglandin synthesis, which affects
tumour cell growth and proliferation, host immune functions and
apoptosis.

While there is strong evidence for carcinogenic effects of
infection with H. pylori in humans, the mechanisms by whichH.
pylori increases the risk of gastric cancer are unknown (IARC,
1994). The bacterium has been shown to increase cell replication in
the gastric mucosa. Some strains ofH. pylori which induce
inflammation of the gastric mucosa produce cytotoxins.H. pylori
produces proteases and lipases, which degrade mucus, causing a
loss of hydrophobicity in the mucus layer. This is followed by
increased production of prostaglandin E2. Thus, NSAIDs may
protect against the development of gastric cancer by inhibiting any
or all of the effects ofH. pylori, such as cell replication and
proliferation, prostaglandin synthesisvia alleviation of inflamma-
tion or other unknown mechanisms.

In our study, as well as in the majority of other similar ones, the
evaluation of aspirin intake has been based on self-reports relating
use for a few years before the onset of the studied end point (IARC,
1997). Two interpretations are compatible with a causal associa-
tion: recent aspirin use is a good surrogate for long-term use and
aspirin has a fairly rapid effect on cancer prevention.

In conclusion, our results suggest that use of aspirin decreases
the risk of stomach cancer and add to the available body of
evidence for a cancer-preventive effect of aspirin. Chemopreven-
tion trials might be appropriate in populations at high risk of gastric
cancer and with a high prevalence ofH. pylori infection.
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