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Helicobacter pylori Infection, Serum Pepsinogen Level and Gastric Cancer:
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We conducted a case-control study to evaluate the effect of Helicobacter pylori (HP) infection on the
risk of gastric cancer in Tokyo, Japan, The sera at the time of diagnosis from 282 gastric cancer cases
and 767 sex- and age-matched cancer-free controls were tested for the presence of anti-HP IpG
antibody (HM-CAP ELISA kit) and serum pepsinogen (PG) level (PG I and PG II Riabead). No
significant association was observed in all sets [maiched odds ratic (OR)=1.04, 95% confidence
interval: 0.73-1.49]. In subgroup analyses, however, an association was suggested in females [OR=
1.57], a younger population (<50 years) [OR=1.86], early cancer [OR=1.53] and small cancer
(<40 mm) [OR=1.55]. Furthermore, we observed a tendency for odds ratios to decrease with an
increase in age or cancer growth (depth of tumor invasion and tumor size). Considering that the
spontaneous disappearance of HP due to extended mucosal atrophy may lead to these decreasing odds
ratios, we applied the conditional logistic model adjusted for the PG 1/II ratio as a measure of
atrophic gastritis. This analysis showed 2 positive association with HP infection in all sets [OR =1.69;
1.01-2.81], distal cancer [OR =1.88; 1.07-3.31] and intestinal-type cancer [OR=3.76; 1.39-10.18].
We concluded that the risk of cancer associated with HP infection may be underestimated in studies
with cross-sectional exposure because of spontaneous disappearance of HP due to extended mucosal
atrophy.
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Case-control study

Although the incidence of gastric cancer has declined
worldwide in recent decades, gastric cancer is still one of
the leading causes of cancer-death in Japan.“? Several
risk factors for gastric carcinogenesis, such as salt,
nitrates, low intake of fresh vegetables and S-carotene,
have been reported."** Recently, an association has
been reported between Helicobacter pylori (H. pylori)
infection and gastric cancer in several prospective and
cross-sectional studies.>'” H. pylori is linked with gastri-
tis and has received widespread attention among gastro-
enterologists and epidemiologists as a new risk factor of
gastric carcinogenesis. Since both the incidence of gastric
cancer and the prevalence of H, pylori infection are much
higher in Japan than in Western countries, examining the
association between them would be of practical value.

Blaser et al. reported a significant association between
H. pylori infection and gastric cancer in a putatively
high-risk subgroup (non-cardia tumors and age <70
years) in Japanese patients.'” In their report, however,
conclusive results were not obtained because of the small
sample size. Therefore, we conducted a case-control
study to evaluate the association between the incidence of
gastric cancer and H. pylori infection in Tokyo, Japan.
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MATERIALS AND METHODS

Study population Four hundred and ninety-nine gastric
cancer patients were gastrectomized from 1989 to 1990
in the National Cancer Center Hospital. Of these, 428
patients without multiple stomach cancer or a history of
gastrectomy, and for whom stored serum samples were
available, were selected for the potential case pool. For
the potential control pool, 1295 cancer-free patients were
selected out of 18,361 out-patients during the same
period, with the following restrictions: no cancerous le-
sions detected clinically in any organ, stored serum avail-
able, a visit within the previous 3 to 6 months and no
history of hospitalization in our hospital. Controls were
matched to each case according to sex, age (within 3
years) and date of blood sampling (within 3 months)
until the available control pool was exhausted. We ob-
tained 297 matched sets with at least one control, and up
to 16 controls (297 cases and 786 controls). Of the 297
matched case-control sets, the stored serum samples from
282 cases and 767 controls were available and were
included in the analyses. All sera examined in this study
had been stored at —20°C.



Assay for serum anti-H, pylori IgG antibody and serum
pepsinogen level Stored serum samples were tested for
anti-H. pylori 1gG antibody using an HM-CAP ELISA
kit (Enteric Products Co., Ttaly)'¥ and patients with a
titer of antibody higher than the cut-off value of 2.2 were
considered to have H. pylori infection. Serum pepsinogen
levels in the same samples were assayed for diagnosis of
atrophic gastritis using pepsinogen I Riabead and pepsin-
ogen II Riabead radioimmunoassay kits (Dainabot,
Tokyo).

Statistical methods Matched analyses were performed.
The prevalence of H. pylori infection in cases and con-
trols was compared using the Mantel-Haenszel test.™
Odds ratios, which approximate the relative risk, and
95% confidence intervals (CI} were determined using
the Mantel-Haenszel method and a conditional logistic
maodel. All calculations were performed using SAS soft-
ware (SAS Institute Inc.).

RESULTS

The characteristics of the 282 cases and 767 controls
are shown in Table I. Although a simple comparison
shows an imbalance, since we permitted unequal match-
ing, all statistical estimates were calculated in mached
comparisons. The difference in mean age between cases
and controls indicates that more controls were available
for younger cases than for older cases.

Histopathclogical features of the cases are summarized
in Table II. Histological subtypes were determined as
either intestinal type or diffuse type according to
Lauren’s classification'®’ and tumor locations were classi-
fied as either proximal or distal. When the main tumor
was located in the upper third of the stomach, the tumors
were defined as “proximal cancer”; otherwise they were
considered “distal cancer.” Tumor size was divided into
4 classes by considering similar numbers of cases (25%
quartile, median, and 75% quartile were 24, 40 and 64
mm, respectively).

Table I. Characteristics of Cases and Controls

. Cases Controls
Characteristic (N=282) (N=767)
Age mean 57.1 53.49
(yrs)  median 58 53

range 23-83 25-84
Female (%) 105 (37.2) 416 (54.2)
Male (%) 177 (62.8) 351 (45.8)
With anti-H. pylori

antibody (%) 215 (76.2) 567 (73.9)

@)} Mean of the mean age of controls in a matched set: 56.3.

H. pylori Infection and Gastric Cancer

Association between H. pylori infection and cancer In
all sets, the matched odds ratio was 1.04, with a 95%
confidence interval of 0.73 to 1.49 (the P-value by the
Mantel-Haenszel test was 0.820). No significant associa-
tion was observed.

The results of subgroup analyses by sex, age, histolog-
ical subtype, tumor location, depth of tumor invasion
and tumor size are shown in Table III. The matched
odds ratios for each histological subtype and tumor loca-
tion were similar (1.21 vs. 0.90 and 0.86 vs. 1.09). In con-
trast, the odds ratios in the other subgroups were quite
different.

For age, depth of invasion and tumor size, we re-
categorized the subjects into 4 classes (Table IV). The
odds ratios for each age class decreased with increasing
age. In the sets under 50 years old, the odds ratic was
high, 1.86 (95%CI: 0.95-3.65), and the odds ratio in the
sets over 70 years old was significantly low, 0.33 (95%
CI: 0.12-0.90). Odds ratiocs also decreased in proportion
to the depth of tumor invasion. The sets with intra-
mucosal cancer showed a high odds ratio (1.81; 95%CI:
0.94-3.51) and the sets with cancers which invaded the
serosal layer showed a low odds ratio (0.61; 95%CI:
0.32-1.15). Odds ratios also decreased roughly in propor-
tion to tumor size.

Next, we examined the associations among these three
factors. The depth of invasion was closely associated with
tumor size (P <0.001, trend test). Thus, these two varia-
bles were considered to reflect cancer growth. However,
neither the depth of invasion nor the tumor size was
associated with age (P=0.971 and P=0.689, respec-
tively; trend test). Thus, cancer growth and age might
contribute independently to the association between H.
pylori infection and the increased risk of gastric cancer.

Table II. Histopathological Features of the Cases

Number of cases (%)

Features

Histological subtype

intestinal type 142 (50.4)

diffuse type 140 (49.6)
Location

proximal 52 (18.4)

distal 230 (81.6)
Depth of invasion

intramucosa 81 (28.7)

submucosa 72 (25.5)

proper muscle-subserosa 45 (16.0)

Serosa 84 (29.8)
Size (inm)

-24 74 (26.2)
25-39 60 (21.3)
40-64 75 (26.6)
65— 73 (25.9)
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Table III. Matched Odds Ratios of Helicobacter pylori Infection and Gastric Cancer (2 Levels)
Subgroup (oot somrat) P e el
All matched sets 282 (767) 0.820 1.04 0.73-1.49
Sex female 105 (416) 0.120 1.57 0.89-2.79 .
male 177 (351) 0.281 0.78 0.49-1.23
Age (years) <50 76 (270) 0.072 1.86 0.95-3.65
=350 206 (497) 0.312 0.80 0.52-1.23
Histological type intestinal type 142 (342) 0.464 1.21 0.73-2.02
diffuse type 140 (423) 0.691 0.90 0.55-1.49
Location proximal 52 (112) 0.711 0.86 0.38-1.92
distal 230 (655) 0.676 1.09 0.73-1.62
Depth of early cancer 153 (402) 0.093 1.53 0.93-2.49
invagion advanced cancer 129 (365) 0.119 0.65 0.38-1.12
Tumor size (cm) <4 134 (351) 0.122 1.55 0.89-2.69
>4 148 (416) 0.277 0.77 0.48-1.24

a) The P-values and odds ratios were based on the Mantel-Haenszel method.

Table IV. Matched Odds Ratios of Helicobacter pylori Infection and Gastric Cancer (4 Levels)

No. of cases " Matched 95% confidence
Subgroup (No. of controls) P-value® odds ratio interval
Age (years) —49 76 (270) 0.072 1.86 0.95-3.65
50-59 86 (266) 0.873 1.06 0.55-2.04
6069 78 (172) 0.862 0.94 0.46-1.90
70— 42 (59) 0.030 0.33 0.12-0.90
Depth of invasion
intramucosa 81 (213) 0.077 1.81 0.94-3.51
submucosa 72 (189) 0.557 1.25 0.60-2.61
proper muscie-subserosa 45 (132) 0.608 0.76 0.27-2.14
serosa 84 (233) 0.124 0.61 0.32-1.15
Turnor size (mm)
24 74 (191) 0.320 1.43 0.71-2.90
25-39 60 (160) 0.227 1.73 0.71-4.21
40-64 75 (186) 0.998 1.00 0.50-2.00
65— 73 (230) 0.134 0.61 0.31-1.17

@) The P-values and odds ratios were based on the Mantel-Haenszel method.

Association between serum pepsinogen level and cancer
Serum pepsinogen 1 level (PG I) ranged from 0 to 163.4
ng/ml {median: 42.1 ng/ml) among all of the cases and
from 0 to 217.3 ng/m! (median: 45.4 ng/ml) among all
of the controls. Serum pepsinogen II level (PG II)
ranged from 0 to 532 ng/ml (median: 16.8 ng/ml)
among all of the cases and from 0 to 55.2 ng/ml (median:
17.7 ng/ml) among all of the controls. The ratio of
pepsinogen I to pepsinogen II (PG I/II ratio) ranged
from @ to 9.1 (median: 2.7) among all of the cases and
from O to 58.3 {median: 3.9) among all of the controls.
We examined the correlation among PG I, PG II, PG I/11I
ratio and serum anti-H. pylori antibody titer (Table V).
Among the cases, a significant correlation was observed
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in all of the possible combinations except that between
PG 1/H ratic and antibody titer. However, correlation
coefficients were high only for the correlation between
PG land PG 1I (0.5441-0.7019). PG II tended to corre-
late better with antibody titer in controls (r=0.4313)
than in the cases (r—0.1881).

Matched odds ratios of serum pepsinogen level and
gastric cancer are shown in Table VI. Low PG I (<30
ng/ml; OR, 1.42}, high PG II (>>20 ng/ml; OR, 2.14)
and low PG I/1I ratio (<C3.0; OR, 2.56) were all signifi-
cantly associated with cancer in all matched sets. Al-
though a significant association was also observed in
most of the subgroups, a negative association was ob-
served in 3 subgroups: low PG I in the sets under 50 years
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Table V. Correlation Cocfficients among Serum Pepsinogen Level and Anti-Helicobacter pylori

Antibody Titer

All subjects Cases Controls
PGIvs. PGII 0.5774 0.7019 0.5441
PG I vs. HM-CAP 0.1572 0.1523 0.1606
PG IT vs. HM-CAP 0.3538 0.1881 0.4313
PG I/11 ratio vs. HM-CAP 0.3137 0.0755 0.3797

PG I: Serum pepsinogen I level. PG II: Serum pepsinogen II level. PG 1/1I ratio: The ratio of serum
pepsinogen I to serum pepsinogen 11. HM-CAP: Serum anti-Helicobacter pylori 1gG antibody titer.

Table VL

Matched Odds Ratios of Serum Pepsinogen Level and Gastric Cancer

No. of cases

Subgroup

(No. of controls)

Low pepsinogen I
(<30 ng/mb)

High pepsinogen II
(=20 ng/ml)

Low pepsinogen 1/11
ratio (< 3.0)

All matched sets

282 (767)®

Sex femnale 105 (416)
male 177 (351)
Histological type intestinal 142 (342)
diffuse 140 (425)
Location proximal 52 (112)
distal 230 (655)
Age (years) —49 76 (270)
50-59 86 (266}
60-69 78 (172)
70- 42 (59)

Depth of invasion
intramucosa 81 (213)
submucosa 72 (189)
proper muscle-subserosa 45 (132)
serosa 84 (233)
Tumor size (mm) -24 74 (191)
25-39 60 (160)
40-64 75 (186)
65— 73 (230)

1.42 (1.03-1.96)

1.01 (0.59-1.72)
1.75 (1.16-2.63)

1.68 (1.05-2.70)
1.22 (0.79-1.90)

1.46 (0.63-3.38)
1.42 (1.00-2.00)

0.86 (0.44-1.67)
1.83 (1.05-3.16)
1.30 (0.72-2.36)
2.65 (1.00-7.00)

1.33 (0.70-2.54)
1.61 (0.89-2.90)
0.87 (0.39-1.95)
1.76 (0.96-3.21)

1.47 (0.77-2.81)
1.07 (0.56-2.05)
1.30 (0.70-2.41)
2.02 (1.03-3.96)

2.14 (1.58-2.90)

3.06 (1.96-4.78)
1.64 (1.08-2.50)

2.17 (1.38-3.41)
2.12 (1.41-3.19)

2.22 (1.02-4.85)
2.13 (1.53-2.96)

2.99 (1.64-5.47)
1.98 (1.17-3.34)
2.58 (1.50-4.46)
0.75 (0.26-2.11)

2.52 (1.39-4.55)
1.76 (0.99-3.14)
3.21 (1.56-6.59)
1.77 (1.00-3.14)

2.82 (1.49-5.33)
1.09 (0.59-2.03)
2.68 (1.46-4.94)
2.49 (1.39-4.47)

2.66 (1.98-3.56)
2.43 (1.54-3.85)
2.81 (1.92-4.12)
4.16 (2.61-6.64)
1.89 (1.29-2.76)

5.21 (2.49-10.91)
2.33 (1.69-3.22)

2.20 (1.35-3.61)
3.62 (2.08-6.30)
2.06 (1.16-3.66)
3.69 (1.51-9.04)

3.31 (1.79-6.13)
2.30 (1.32-4.03)
1.66 (0.80-3.44)
3.26 (1.96-5.44)
2.17 (1.22-3.86)
1.79 (0.94-3.41)
2.35 (1.30-4.13)
5.21 (2.91-9.35)

a) Matched odds ratic and its 95% confidence interval.

old or with proper muscle or subserosal invasion and high
PG 1T in the sets over 70 years old. Qdds ratios tended to
be higher with a low PG 1/11 ratio.

Multivariate regression analyses using the conditional
logistic model To evaluate the association between H.
pylori infection and gastric cancer with regard to the
effect of gastric mucosal atrophy, we applied the condi-
tional logistic regression model to our case-control data.
This model contains three terms: 1) low PG I or low PG
I/1I ratio, 2) positive anti-H. pylori antibody, and 3)
their interaction. The results are shown in Tables VII and
VIII Table VII shows the results of calculations with low
PG 1 (<30 ng/ml). All of the interaction terms were less
than one and odds ratios higher than those determined by
univariate analysis (Table ITI) were obtained in all of the
columns on the left (positive anti-H. pylori antibody).

However, these odds ratios were not statistically signifi-
cant.

Table VIII shows the results of the same calculations
using a low PG I/II ratio. Odds ratios in all of the
interaction terms except for that of proximal diffuse-type
cancer were lower than those in Table VII. The odds
ratios for positive anti-H. pylori antibody in females,
proximal cancer and diffuse type cancer were similar to
those in Table VI In contrast, significantly high odds
ratios were observed in distal cancer, intestinal-type
cancer and distal intestinal-type cancer.

DISCUSSION

Contrary to several previous prospective studies which
have shown a positive association between H. pylori
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Table VII.

Matched Odds Ratios with Conditional Logistic Regression Model, Helicobacter pylori

Infection, Low Serum Pepsinogen I Level and Gastric Cancer

With anti-H. pylori

Low PG 19
(PG I<<30)

Interaction between anti-I. pylori
antibody and low PG I

2.38 (1.26-4.52)

antibody

Total 1.34% (0.87-2.08)
Female 1.98 (0.974.05)
Male 1.05 (0.60-1.83)
Proximal 1.11 (0.42-2.97)
Distal 1.41 (0.87-2.29)
Intestinal type 1.73 (0.89-3.39)
Diffuse type 111 (0.62-1.96)
Proximal

intestinal type 2.31 (0.58-9.24)

diffuse type 0.44 (0.09-2.23)
Distal

intestinal type 1.58 (0.74-3.39)

diffuse type 1.30 (0.69-2.45)

1.75 (0.65—4.73)
3.71 (1.48-9.32)
2.64 (0.54-12.93)
2.38 (1.17-4.82)
3.05 (1.22-7.63)
1.98 (0.80-4.94)

5.56 (0.74-41.65)
0.91 (0.05-18.57)

2.58 (0.92-7.28)
2.31 (0.87-6.10)

0.50 (0.24-1.05)
0.50 (0.16-1.62)
0.39 (0.14-1.08)
0.42 (0.06-2.80)
0.51 (0.23-1,14)
0.45 (0.16-1.28)
0.52 (0.18-1.52)

0.23 (0.02-2.32)
0.59 (0.01-33.13)

0.54 (0.17-1.75)
0.47 (0.15-1.43)

a) Serum pepsinogen I level.

b) Matched odds ratio and its 95% confidence interval.

Table VIII.

Infection, Low Pepsinogen I/II Ratio and Gastric Cancer

Matched Odds Ratios with Conditional Logistic Regression Model, Helicobacter pylovi

With anti-H. pylori

Low PG 1/1I ratio®
(I/11 ratio < 3.0)

Interaction between anti-H. pylori
antibody and low PG I/1I ratio

antibody

Total 1.69% (1.01-2.81)
Female 1.75 (0.83-3.68)
Male 1.66 (0.82-3.36)
Proximal 0.96 (0.28-3.30)
Distal 1.88 (1.07-3.31)
Intestinal 3.76 (1.39-10.18)
Diffuse .14 (0.62-2.11)
Proximal

intestinal 2.39 (0.44-12.98)

diffuse 0.18 (0.02-1.97)
Distal

intestinal 4.60 (1.31-16.15)

diffuse 1.36 (0.71-2.63)

10.92 (5.29-22.54)

5.46 (1.83-16.26)
18.37 (6.46-52.22)
11.68 (2.26-60.48)
10.85 (4.81-24.44)
27.50 (8.13-93.02)

6.48 (2.40-17.52)

30.88 (2.22-430.72)
479 (0.51-44.79)

30.03 (6.94-130.0)
7.09 (2.30-21.92)

0.18 (0.08-0.40)
0.35 (0.10-1.19)
0.11 (0.04-0.34)
0.38 (0.06-2.35)
0.16 (0.07-0.38)
0.09 (0.02-0.32)
0.26 (0.09-0.75)

0.09 (0.01-1.50)
3.36 (0.17-65.99)

0.08 (0.02-0.36)
0.20 (0.06-0.66)

a) Ratio of serum pepsinogen I level to serum pe

psinogen I level.

b) Matched odds ratio and its 95% confidence interval.

infection and gastric cancer,**'” a positive association
was not observed in any of the case-control sets in this
study. However, differences between the odds ratios of
some of the subgroups suggest that we should not con-
sider these results conclusive: these difference raise the
possibility that H. pylori infection has different effects on
different populations, i.e., it is a positive risk in one
subgroup (under 50 years old, female, early cancer and
small cancer) and a negative risk in others. Furthermore,
the tendency for odds ratios to decrease in the 4 class
subgroup analyses, especially with regard to the depth of
tumor invasion, made it difficult to interpret these results.
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If H. pylori infection is a risk factor in the early stage of
cancer, it should be associated with a positive risk in the
more advanced stages of cancer. Therefore, these strange
results can not be interpreted unless some factor(s)
which decrease the antibody titer against H. pylori in
proportion to cancer growth are taken into account.

Some investigators have pointed out that extended
atrophy may cause spontaneous disappearance of H.
pylori from the stomach,'> '® Therefore, we considered
the hypothesis that mucosal atrophy which extends par-
allel to cancer growth causes us to underestimate the
real cancer risk associated with H. pylori infection.



Serum pepsinogen levels (low PG T and low PG I/11
ratio) are considered to be reliable markers for chronic
atrophic gastritis (gastric mucosal atrophy)**?* and are
useful for serological screening of gastric cancer.'®23
The extent and severity of atrophic gastritis have been
reported to be well-correlated to serum PG I or the PG
1/11 ratio.

Therefore, we examined the serum pepsinogen level to
diagnose extended mucosal atrophy. If our hypothesis is
correct and the serum pepsinogen level truly reflects
extended mucosal atrophy, the odds ratio of cancer risk
can be explained in terms of 1) H. pylori infection, which
is represented by the presence of serum antibody, 2)
mucosal atrophy, as reflected by the PG I level or PG
I/11 ratio, and 3) their interaction. This final contribution
should be less than one, and the odds ratio due to H.
pylori infection closely estimates the odds ratio between
H, pylori infection and gastric cancer if mucosal atrophy
has not occurred. In our multivariate analyses, especially
with regard to the PG I/II ratio (Table VIII), almost all
of the interaction terms were less than one. The main
effect of H. pylori infection, when mucosal atrophy had
not occurred, was estimated to be 1.69. H. pylori infec-
tion was associated with a 70% increase in the risk of
cancer, and this was statistically significant at the 5%
level. Interestingly, we observed significant odds ratios
with distal cancer (1.88), intestinal-type cancer (3.76)
and distal intestinal-type cancer (4.60). The odds ratios
were not significant in females and diffuse-type cancer
in this multivariate analysis. These results indicate that
the association between H. pylori infection or mucosal
atrophy and gastric cancer may differ by sex and histo-
logical subtype. These findings are consistent with those
in previous prospective studies.® %17

We conclude that H. pylori infection is associated with
an increased risk of gastric cancer. Moreover, it is possi-
ble that extended mucosal atrophy may lead to the spon-
taneous disappearance of H. pylori, which may have
caused us to underestimate the cancer risk in this study.
Furthermore, the fact that no association was observed
in cross-sectional studies in countries with a high preva-
lence of H. pylori infection®® and a cohort study,*” can
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be explained by the possibility that the case population
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It is important to determine whether PG I, PG II or
PG I/1I ratio is the most reliable marker for atrophic
gastritis or screening of gastric cancer. In the light of the
strong correlation between PG I and PG II (Table V)
and the results of the multivariate analysis with the PG
I/I1 ratio, which were more compatible with previous
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the PG I level primarily decreased in proportion to the
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show the association with cancer risk more clearly.

The results obtained in this study encourage us to
conduct a large-scale intervention trial for the eradica-
tion of H. pylori, aimed at decreasing the risk of gastric
cancer.
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