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Helicobacter pylori eradication for gastric cancer prevention
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Gastric cancer is the second most common fatal malig-
nancy in the world. Its incidence is high in East Asia.
Helicobacter pylori infection is an important factor in
the pathogenesis of gastric cancer. Epidemiological
studies have established a strong causal relationship be-
tween H. pylori infection and gastric cancer. H. pylori
eradication is therefore likely to be one of the most
promising approaches to gastric cancer prevention.
Animal studies have shown that eradication of H. pylori
infection, especially at the early stage, is effective in
preventing H. pylori-related gastric carcinogenesis.
However, the available data from human studies show
that H. pylori eradication does not completely prevent
gastric cancer and that it might be useful only in patients
without atrophic gastritis or intestinal metaplasia at
baseline. Longer follow-up and additional studies are
needed to clarify this issue.
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Epidemiology

Gastric cancer is the second most common fatal malig-
nancy in the world, causing more than 750000 deaths
annually.! About 800000 new cases were diagnosed
worldwide in 2000, with 75% in Asia.? There are marked
geographical variations, with a high incidence in areas
of East Asia such as Japan, China, and Korea, the for-
mer USSR, tropical South America, the Caribbean, and
Southern Europe. On the other hand, areas of South
Asia such as India, Pakistan, and Thailand, North
America, Australia, and Africa have a much lower in-
cidence.?? There are also considerable variations in the
incidence within large countries. For example, the

Reprint requests to: B.C.Y. Wong

annual age-standardized incidence of gastric cancer in
China in 1991 is 19.3/100000 in men and 9.6/100000 in
women in Hong Kong, but in Changle, Fujian Province,
the incidence is as high as 84.3/100000 in men and
31.7/100000 in women.*

Although the incidence of gastric cancer has been
decreasing in most countries in the past few decades,
the overall survival of patients has remained unchanged.
This is probably because curative surgery is not possible
in the majority of patients with gastric cancers. Most
gastric cancer patients present in the advanced stage of
the disease, since early cancers typically have few or no
symptoms.

Helicobacter pylori and gastric carcinogenesis

Over the past two decades, epidemiological studies
have established a strong causal relationship between
H. pylori infection and gastric cancer.>® In a study car-
ried out in Linxian, China, Limburg et al.® reported that
patients with H. pylori seropositivity had an 1.87-fold
risk of developing gastric cardia cancer, and a 2.04-fold
risk for noncardia gastric cancer. Uemura et al.® fol-
lowed 1526 Japanese patients with upper gastrointesti-
nal diseases for 7.8 years, and observed that gastric
cancer developed only in H. pylori-infected patients,
especially those with severe gastric atrophy and intesti-
nal metaplasia (IM). It has also been shown in an animal
model that H. pylori infection causes gastric cancer in
Mongolian gerbils.” In addition, there is evidence that
familial aggregation of gastric cancer is at least partly
due to familial clustering of H. pylori infection.!*!!

The precancerous cascade

The development of gastric cancer has been proposed
to start from chronic gastritis to gastric atrophy, IM,
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dysplasia, and finally invasive cancer.!? It is hypothe-
sized that the initial event in gastric carcinogenesis oc-
curs at the junction of the oxyntic and antral mucosa,
and that antral-type mucosa is prone to the develop-
ment of IM."3 Therefore, expansion of the antral mucosa
toward incisura, corpus, and fundus (pylorocardial ex-
tension), or migration of antral mucosa at the gastric
body or fundus, may be associated with an increased
risk of developing IM. We have previously observed
that H. pylori infection is associated with the presence
of antral-type mucosa at the incisura or body (termed
antralization), which, in turn, is strongly associated with
gastric atrophy and IM, and with increased cell prolif-
eration and overexpression of Bcl-2.13% Our observa-
tions suggest that antralization is an important step (or
marker) in the initiation of precancerous lesions. Re-
cently, we reported that aberrant expression of trefoil
family factor 2 and mucin 6 may be involved in the
process of antralization.!

Helicobacter pylori infection plays an initiating role
in the pathogenesis of gastric cancer by changing many
important factors, including antioxidant agents, reac-
tive oxygen metabolites, and the balance between
epithelial cell proliferation and apoptosis. Ascorbic
acid is a critical antioxidant, which acts as a scavenger
of reactive oxygen species and an inhibitor of N-
nitrosation, and plays an important role in the preven-
tion of gastric cancer.!® Helicobacter pylori infection is
associated with a significant decrease in the concentra-
tion of ascorbic acid in gastric juice, which is normal-
ized by the eradication of the infection.!"” Similarly, the
gastric level of B-carotene, another antioxidant, is also
decreased in H. pylori infection.'® Helicobacter pylori
can also produce a variety of substances, including
ammonia or ammonium-containing chemicals and
cytotoxin(s). These products may impair the host de-
fense and render the gastric epithelial cells prone to
the activity of direct-acting carcinogens, such as reac-
tive oxygen metabolites, N-nitroso-compounds and
nitric oxide. Moreover, H. pylori infection stimulates
neutrophil polymorphs and monocytes to produce ex-
cessive reactive oxygen metabolites, which can directly
cause extensive DNA damage and mutations.!?! More
importantly, H. pylori infection induces cell apoptosis
(a genetically regulated form of programmed cell
death), stimulates cell proliferation in the gastric
epithelium, and causes alterations or mutations of
apoptosis/proliferation-related  genes.'>?>»  Uncon-
trolled increase in cell proliferation may result in an
imbalance between cell apoptosis and proliferation, (i.
e., increased cell proliferation without a corresponding
increase in apoptosis) and thus increase the risk of gas-
tric cancer development.?*

11
Helicobacter pylori eradication and gastric cancer

Currently recommended anti-H. pylori infection thera-
pies achieve eradication rates of up to 90%.2 Several
studies have indicated that H. pylori screening and
eradication is a cost-effective strategy for the preven-
tion of gastric cancer in middle-aged adults, even if
the treatment prevents only 20%-30% of H. pylori-
associated cancers, and that the strategy is particularly
beneficial in high-risk populations and in the long
term,?-% although the feasibility, safety, and appropri-
ate timing of this strategy for cancer prevention in the
general population remains to be determined.

Human intervention studies

Precancerous lesions

The initial chemoprevention trials focused mainly on
subjects with gastric precancerous lesions such as gastric
atrophy, IM, and dysplasia. The end point of the trials
was regression (reversal) or progression (including the
development of gastric cancer) of these lesions. Con-
flicting results have been reported on whether these
precancerous lesions reverse to normal following suc-
cessful eradication of H. pylori infection®*>* (Table 1).
Well-designed studies (e.g., randomized, double-
blinded, and with a placebo control) and/or longer
follow-up periods are more likely to reveal regression
of the lesions, as it takes time for regression to occur.
Sung et al.*! treated H. pylori-positive volunteers with
either a 1-week course of omeprazole, amoxicillin, and
clarithromycin or placebo. At 1 year after H. pylori
eradication, acute and chronic gastritis was decreased
in both the gastric antrum and corpus and activity of IM
was decreased in the antrum. However, there was no
regression of IM or gastric atrophy.* Four years later,
this group of investigators observed not only a remark-
able reduction in the severity and activity of chronic
gastritis but also marked resolution of IM in the antrum
in H. pylori-eradicated subjects, whereas continuous H.
pylori infection led to progressive aggravation of IM
and gastric atrophy.*>! Correa et al.*? conducted a ran-
domized, controlled chemoprevention trial in subjects
with confirmed gastric atrophy with or without IM. In-
dividuals were assigned to receive anti-H. pylori triple
therapy and/or dietary supplementation with ascorbic
acid or B-carotene, or their corresponding placebos, and
then were followed up for an average of 72 months.
They found that all three basic interventions resulted in
a significant increase in the regression rate of gastric
atrophy and IM.# Moreover, eradication of H. pylori
infection produced a marked increase in the regression
rate of the precancerous lesions, with a relative risk of
8.7 [95% confidence interval (CI), 2.7-28.2] for gastric
atrophy and 5.4 (95% CI, 1.7-17.6) for IM.*> The same
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Table 1. Regression of gastric atrophy and intestinal metaplasia after eradication of H. pylori infection

Regression
No. of Gastric Intestinal Follow-up
Study (ref. no.) Country or region patients atrophy metaplasia (months)
Follow-up studies
Genta et al. 1993 (30) USA 11 No data Yes 12
Witteman et al. 1995 (31) Netherlands 66 No data No 12
Forbes et al. 1996 (32) Australia 54 No No 85
Ciok et al. 1997 (33) Poland 35 No data Yes 24
Van der Hulst et al. 1997 (34) Netherlands 155 No No 12
Uemura et al. (35) Japan 132 No data Yes 36
Tucci et al. 1998 (36) Italy 20 Yes No data 36
Satoh et al. 1998 (37) Japan 20 No No 12-33
Tepes et al. 1999 (38) Slovenia 63 Yes No 24-48
Kyzekova et al. 1999 (39) Czech 25 No No 6
Annibale et al. 2000 (40) Ttaly 35 No No 12
Kim et al. 2000 (43) South Korea 72 No data Yes 48
Hsu et al. 2000 (44) Taiwan 63 No No 12
Ohkusa et al. 2001 (45) Japan 163 Yes Yes 12-15
Kokkola et al. 2002 (47) Finland 22 Yes Yes 30
Ito et al. 2002 (48) Japan 22 Yes Yes 60
Randomized controlled studies
Sung et al. 2000 (41)2>¢ China 587 No No 12
Zhou et al. 2003 (49)=4 China 552 No Yes 60
Leung et al. 2004 (51)2d China 435 Yes Yes 60
Correa et al. 2000 (42)2¢ Colombia 976 Yes Yes 72
Ruiz et al. 2001 (46)2* Colombia 132 Yes No data 72
Mera et al. 2005 (54)2b¢ Columbia 795 Yes Yes 144
Kamada et al. 2003 (50) Japan 90 Yes No 36
Ley et al. 2004 (52) USA 316 Yes Yes 12
Kuipers et al. 2004(53) Netherlands 144 Yes No 24

2Prospective, randomized, case—control studies
®Conducted by the same research team

°Only patients after endoscopic resection of early gastric cancer included

4Only “healthy” volunteers included

¢Only patients with gastric atrophy and/or intestinal metaplasia included

group recently reported the 12 years of follow-up data,
which showed that preneoplastic gastric lesions re-
gressed at a rate equal to the square of the time the pa-
tients had been rendered free of H pylori infection.>*
Ley et al.”? reported the results of a 1-year randomized,
double-blind, placebo-controlled trial on the effect of
H. pylori eradication on gastric precancerous lesions in
healthy volunteers.’> They observed that changes in a
weighted index score that incorporated the severity of
preneoplasia were favorably greater in treated subjects
than in placebo subjects, although there was no signifi-
cant change in the worst biopsy diagnosis from 6 weeks
to 1 year between the two groups.*

However, there are several impediments to the
proper assessment of reversibility, which include fail-
ings in histological interpretation, sampling errors, and
“spontaneous regression.”> It seems likely that regen-
eration of normal oxyntic glands following true glandu-
lar atrophy with replacement fibrosis will be at least
limited, and restoration of normal differentiation in IM
is impossible in the presence of stable mutations in stem

cells. In effect, these lesions may have passed a “point
of no return.”®

There are problems using precancerous lesions as sur-
rogate markers in chemoprevention studies. Therefore,
the ultimate solution depends on studies that include H.
pylori-infected individuals, with and without precancer-
ous lesions, and that can demonstrate a reduction in the
overall incidence and mortality of gastric cancer.

Gastric cancer

In our prospective, randomized, placebo-controlled,
population-based primary prevention study, 1630
healthy H. pylori carriers from Changle, Fujian, China,
a high-risk region for gastric cancer, were randomized
to receive 2 weeks of H. pylori eradication triple therapy
(omeprazole, amoxicillin and clavulanate potassium,
and metronidazole) (n = 817) or placebo (n = 813) in
1994, and followed up for an average of 7.5 years.” It
was observed that there were 18 new gastric cancer cases
during the period of follow-up. Among these new cases,
seven were treated with eradication therapy and 11 were
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Table 2. Risk factors for development of gastric cancer in subjects receiving anti-H.

pylori therapy

Hazard ratio

Variables (95% confidence interval) P value
Age per l-year increment 1.10 (1.05-1.15) <0.001
Female sex 0.45 (0.16-1.26) 0.13
Daily smoking 6.18 (2.32-16.47) <0.001
Alcohol use 1.35 (0.48-3.77) 0.57
Dietary intake >2 times/week
Green tea 1.55 (0.58-4.14) 0.38
Preserved vegetables 0.28 (0.04-2.10) 0.22
Salty fish 1.22 (0.49-3.08) 0.67
Fish sauce 1.27 (0.45-3.57) 0.65
Fruit 0.90 (0.21-3.93) 0.89
Fresh vegetables 1.62 (0.64-4.10) 0.31
Anti-H. pylori therapy (vs. placebo) 0.63 (0.24-1.62) 0.34
Atrophy, intestinal metaplasia or dysplasia 2.97 (0.94-9.42) 0.06

This table is adapted from reference 56

not (P=0.34) (Table 2). However, among patients with-
out precancerous lesions on presentation, no patient
developed gastric cancer during the follow-up after H.
pylori eradication, whereas six patients in the placebo
group developed gastric cancer (P = 0.02). Our findings
suggest that upper endoscopy and histological assess-
ment of H. pylori-positive patients may be indicated in
high-risk populations, and that all H. pylori-positive pa-
tients with no precancerous lesions should consider H.
pylori eradication for gastric cancer prevention.*

A second randomized intervention study showed
similar results. In a 12-year follow-up study of 795 H.
pylori subjects in Columbia, 394 subjects received H.
pylori eradication treatment and 401 received placebo.
During the follow-up, nine cancers were found; four of
them developed in the eradication group and five in the
placebo group. All of these cancers patients had IM
and/or dysplasia at the time of inclusion in the study.>*

In another study from China, 435 subjects (220 with
eradication therapy and 215 with placebo) were fol-
lowed for 5 years. During the follow-up, four and six
patients, respectively, were found to have gastric can-
cers. All of them, apart from two patients from the pla-
cebo group, had IM and/or dysplasia at baseline.

In a study performed in Japan, 1120 subjects with pep-
tic ulcer disease who received eradication therapy were
followed. During a mean follow-up period of 3.4 years,
eight gastric cancers were found in 944 patients in whom
H. pylori had been eradicated compared with four can-
cers in 176 subjects with failed eradication (P =0.04).5

Animal models

Nozaki et al.® reported that the incidence of gastric
cancer was 56.3% in H. pylori-infected and N-methyl-
N-nitrosourea (MNU)-treated Mongolian gerbils and
6.3% in animals treated with MNU alone at week 75.

Eradication of H. pylori infection at early (15 weeks),
middle (35 weeks), and late (55 weeks) stages reduced
the incidence to 6.7%, 27.3%, and 38.2%, respectively,
indicating that eradication of H. pylori infection,
especially at the early stage, is effective in preventing
H. pylori-related gastric carcinogenesis.*®

A recent study using an Helicobacter felis-C57BL/6
mouse model showed that all mice with persistent infec-
tion developed gastric cancer within 24 months of infec-
tion, whereas 30% of the mice that received eradication
between 12 and 24 months after initial colonization
developed gastric cancer. However, the development of
gastric cancer was completely prevented in mice that
received eradication within the first 12 months of infec-
tion.” These findings also suggest that early H. pylori
eradication could reduce the risk of gastric cancer
development.

Future directions

Helicobacter pylori eradication is likely to be one of the
most promising approaches in gastric cancer preven-
tion. However, the available data show that H. pylori
eradication does not completely prevent gastric cancer,
and it might be useful only in patients without atrophic
gastritis or IM at baseline.® Longer follow-up studies
are desperately needed to clarify this issue, as the pro-
gression from gastritis to preneoplastic conditions to
gastric cancer is known to take decades.

Encouraging results have been reported on vaccina-
tion against H. pylori infection. Studies using animal
models have shown that immunization against H. pylori
not only prevents but also eradicates the infection.®
Vaccination could be an important strategy in the man-
agement of H. pylori infection and thus prevention of
gastric cancer in humans.
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