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Abstract

AIM: To clarify the similarities and differences in gas-
tric cancer epidemiology between Japan and China.

METHODS: A comprehensive literature search of the
PubMed database was performed. The relevant litera-
ture published in China was also been cited. Data on
incidence and mortality rates in 2008 were obtained
from the Cancer Mondial database, published by In-
ternational Agency for Research on Cancer at http://
www-dep.iarc.fr/.

RESULTS: Gastric cancer remains a significant public

K

T
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heaith burden in both Japan and China. The prevalence
of Helicobacter pylori (H. pylori) colonization is high in
the adult populations of both countries. Accumulating
evidence from intervention studies in both countries has
shown the effectiveness of 4. pylori eradication in reduc-
ing gastric cancer incidence. There are differences, how-
ever, in many aspects of gastric cancer, including pat-
terns of incidence and mortality, trends in the prevalence
of H. pylori infection, H. pylori strains, the magnitude of
risk of gastric cancer related to A, pylori infection, and
associations with dietary habits. Compared with China,
Japan has seen a more rapid decline in A4, pylori infec-
tion among adolescents. While Japanese cohort studies
have dominated the literature concerning the associa-
tions between gastric cancer and dietary habits, numer-
ous case-control studies in China suggest a positive
association between a high intake of preserved fish and
vegetables and gastric cancer risk. There is a need for
a multidisciplinary research approach to understand the
interactions between various strains of H. pyflor/, host
factors, and other lifestyle and environmental factors in
gastric carcinogenesis in both countries.

CONCLUSION: The shared high incidence of gastric
cancer and high prevalence of A4. pyfori, as well as dif-
ferences in many aspects of gastric cancer, provide an
excellent opportunity to establish Sino-Japanese col-
laborations.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer is a heterogeneous, multifactorial disease.
The incidence and mortality vary geographically, with
the highest rates in East Asia (Japan, China and Korea)™.
Although 2 trend of declining incidence has been ob-
served in Japan and China, gastric cancer still represents
a tremendous burden in each country. According to the
vital statistics released by the Ministry of Health, Welfare
and Labor in Japan, approximately 50 000 Japanese men
and women die from gastric cancer annually, represent-
ing approximately 15% of annual cancer-related deaths
over the past four decades™. No systematic national vital
statistics exist in China, but a retrospective sampling sur-
vey on malignant tumors from 2004 to 2005 found that
the mortality rate from gastric cancer ranked third in
overall cancer mortality”. Notably, China alone accounts
for 42% of all gastric cancer cases worldwide, at least in
part because of its large population.

Numerous epidemiologic studies have been con-
ducted in Japan and China to identify environmental and
lifestyle factors that contribute to the development of
gastric cancer; these studies have identified He/icobacter
Pylori (H. pylors) infection as an important risk factor for
gastric cancer”. Additionally, high salt intake and expo-
sute to N-nitroso compounds significantly increase the
risk among H. pylori infected individuals™. It is notewor-
thy that Japan has a strong tradition of gastric cancer
research, not only in basic science but also in epidemiol-
ogy and clinical trials. Seminal papers published during
the last three decades have greatly contributed to our
understanding of gastric cancer etiology and preven-
tion™”. However, an increasing number of case-control
studies in different regions of China have examined risk
factors for gastric cancer, and cohort studies are ongo-
ing t({)m%g]vestigate the role of lifestyle in urban and rural
areas’ .

In this article, we first summarize the current under-
standing of gastric cancer etiology on the basis of exist-
ing literature. We then compare the burden of gastric
cancer between Japan and China in terms of trends in
incidence and mortality. Next, we address three of the
principal risk factors, based on epidemiologic studies
conducted in each country: H. pybri infection, cigarette
smoking and diet. Finally, we propose three potential av-
enues for Sino-Japanese collaboration.

MATERIALS AND METHODS

We performed a comprehensive literature search of the
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PubMed database using the search terms “risk factors”,
“H. pylor?”, “smoking”, “diet”, “gastric cancer”, “China”,
and “Japan”. In addition, relevant literature published in
China was also cited. Data on incidence and mortality in
2008 were obtained from the Cancer Mondial database,
published by International Agency for Research on Can-
cer TARC) at http:/ /www-dep.iarc.fr/.

RESULTS

Current knowledge about gastric carcinogenesis
Gastric cancer is a multifactorial disease with a com-
plex interplay between genetics and both lifestyle and
environmental factors. Gastric cancer can be classified
as intestinal or diffuse. While the triggering factor and
the histopathologic changes in the progtession of dif-
fuse gastric cancer remain incompletely understood, the
progression of intestinal gastric cancer is well character-
ized"”. An individual develops intestinal cancer through
a seties of histological changes beginning with the transi-
tion from normal mucosa to chronic superficial gastritis,
which then leads to atrophic gastritis, intestinal metapla-
sia, and finally dysplasia and adenocarcinoma™. Before
the discovery of H. pylori in 1983, epidemiologic studies
had already suggested an important role for lifestyle in
the etiology of gastric cancer. In particular, a high-salt
diet and foods rich in N-nitroso compounds appeared to
be major inducers of gastric cancer. Since the discovery
of H. pylori, its close association with peptic ulcers and
gastric cancer has been supported by numerous stud-
ies. Asia-Pacific consensus guidelines on gastric cancer
prevention define H. pylori infection as necessary but not
sufficient for the development of non-cardia gastric ad-
enocarcinoma!”, From an epidemiologic perspective, the
synergistic interaction between H. pyloi and diet plays an
overriding role in gastric carcinogenesis"®

However, current studies have not provided a clear
answer as to why only a minority of individuals with
H. pylori infection develop gastric cancer. One reason is
that the interactions of H. pylori strains, host factors, and
other lifestyle and environmental factors in gastric car-
cinogenesis are not well defined. Another reason is that
few causally linked genes have been found, and the role
of genetic and epigenetic changes in gastric carcinogen-
esis is pootly understood. These two issues need to be
addressed in future studies.

Descriptive epidemiology of gastric cancer in Japan and
China

Patterns of gastric cancer incidence, mortality and
trends: According to Globocan 2008, gastric cancer
is the third most frequently diagnosed cancer and the
second leading cause of cancer deaths in Japan, with an
estimated 102 040 new cases and 50 156 cancer deaths in
2008. The overall estimated age-adjusted incidence rate
(standardized for world population) in 2008 was 31.1 per
100 000 people. However, gastric cancer is the second
most frequently diagnosed cancer and the third lead-
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Source: Cancer incidence in five continents Vol. VI, IARC scientific publi-
cations No. 155. ASR: Age standardized rate, per 100 000 population.

ing cause of cancer death in China, with an estimated
464 439 new cases and 352 315 cancer deaths in 2008.
The overall estimated age-adjusted incidence rate in 2008
was 29.9 per 100 000 people in China.

Although China’s overall incidence rate is comparable
to that of Japan, a wider variation in both crude and age-
standardized rates is apparent when cancer registry data
(1993-1997) from the 2 countries are compared (Table 1).
For example, the incidence in Changle was 145 per
100 000 people, approximately 7 times higher than in
Beijing, The highest rates were often found in economi-
cally undeveloped rural areas in China, including Gansu,
Henan, Hebei, Shanxi, and Shaanxi Provinces!™. Al-
though gastric cancer incidence is declining in both rural
and urban areas in China"*'¥, the rate of decline may be
slower than in developed countries”. The number of
new gastric cancer cases has been projected to increase
continuously over the next 40 years because of popula-
tion growth and aging"”.

Risk factors for gastric cancer in Japan and China

From the large body of literature on gastric cancer etiol-
ogy in Japan and China, we cite sclected epidemiologic
studies conducted in each country. Three major risk fac-
tors, namely H. pylori infection, cigarette smoking and
high intake of salt/salty food, are addressed in detail.

H. pylori colonization: Prevalence of H. pylori
colonization in the general population

Japan: Gastric H. pylori infection is common among
middle-aged and elderly Japanese people. A seroepide-
miological study of H. py/or7 infection among apparently
healthy residents of Sapporo found a prevalence of
70%-80% for individuals born before 1950%%. For those
residents born after 1950, the frequency of H. pylori in-
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fection increased at approximately 1% per birth year™”,

The prevalence of H. pylors infection, however, has been
decreasing over the past several decades. The overall H.
Pylori seropositivity was 72.7% in 1974, 54.6% in 1984,
and 39.3% in 1994, based on an assay of serum samples
from 1015 healthy people living in several prefectures in
central Japan“". As in other developed countrics, a clear
birth cohort effect has been observed for H. pylori infec-
tion in Japan, with younger generations experiencing a
more rapid decline than older generations™*, In a 2007
study involving 777 university students with 2 mean age
of 19.6 years, H. pylori prevalence was only 14.7%9,

China: The Chinese population has a high prevalence of
H. pylori infection. A 2003 meta-analysis, based on stud-
ies published between 1990 and 2002, concluded that
the prevalence of H. pylri infection for the entire Chi-
nese population was approximately 58%"”. Since 2003,
numerous studies have also been conducted to examine
the prevalence of H. pylori in healthy people in differ-
ent regions of China, with reported prevalence ranging
from 40% to 81%*. Generally, studies in rural areas
found a higher prevalence of H. pylori than studies in
urban areas. Furthermore, areas with high gastric cancer
incidence generally have a higher prevalence of H. pylors
infection than low-incidence areas.

Because H. pylori is acquired during childhood, some
surveys of H. pylori prevalence in China have focused
on children. One recent study reported a prevalence of
37.7% in children aged 10-19 years in Beijing and 25.5%
in the same age group in Shandong®™. Some studies
suggest a downward trend in H. pylorZ seroprevalence in
some regions; for example, a significant decrease was ob-
served across age groups in Guangzhou®". Evidence on
this subject, however, is fragmentary and inconclusive. In
particular, it remains unclear whether the rate of decline
is accelerating, especially in the younger segments of the
population.

H. pylori colonization: Findings from observational
epidemiologic studies addressing the association
between H. pylori and gastric cancer risk

Japan: Both case-control and cohort studies have been
conducted to estimate the degree of gastric cancer risk
associated with H. pylori infection in the Japanese popu-
lation. To date, all four prospective studies have shown
a positive association, with relative risks (RRs) ranging
from 1.0 to 5.1%* (Table 2). In the prospective study
that used the largest dataset (511 cases and 511 control
subjects), Sasazuki ez a/” showed that the adjusted odds
ratio (OR) of gastric cancer associated with H. pylor in-
fection was 5.1, which is quite similar to the estimate of
5.9 for non-cardia gastric cancer in a combined analysis
of 12 case-control studies nested within prospective
cohorts™. Based on the substantial evidence from both
case-control and cohort studies, it is clear that H. pylori
infection is causally linked to gastric cancer in the Japa-
nese population.
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OR: Odds ratio; RR: Relative risk; CI: Confidence interval.

China: The majority of epidemiologic studies that ex-
amined the association between H. pylori infection and
gastric cancer in China are retrospective case-control
studies. Of 11 case-control studies included in a 2001
meta-analysis, all studies showed a positive association.
The ORs ranged from 2.1 to 5.6, with a combined OR
of 3.0°,

This positive association was also observed in two
prospective cohort studies. Yuan ez al’® reported that
the OR was 3.7 for individuals seropositive for H. pylori
who were followed for 5 ot more years, on the basis of
a nested case-control study within a cohort of Shanghai
residents. A prospective, nested case-control study in
Linxian, one of the highest-incidence regions in China,
found that H. pylori seropositivity results in an approxi-
mately 2-fold increased risk of gastric cancer™. This re-
sult was confirmed by a 2007 case-cohort study, in which
H. pylori was associated with a 1.6-fold increased risk of
both cardia and non-cardia gastric adenocarcinomas’”

H. pylori colonization: Findings from clinical studies,

including both non-intervention and intervention studies
Japan: Several recent clinical studies have greatly im-
proved our understanding of the role of H. pylori in the
development of gastric cancer. Umemura ef 2™ (2001)
found that gastric cancer developed in 36 of 1246 H.
Pylori-infected patients but none of the 280 uninfected
patients in a prospective study involving 1526 Japanese
patients with peptic ulcers, gastric hyperplasia or non-
ulcer dyspepsia. The results are convincing because H.
pylori colonization was confirmed by a combination of
tests, including endoscopy, biopsy, histology, a rapid
urease test, and serologic testing. This seminal study
thus offers compelling evidence that H. pylori infection is
associated with the development of both intestinal and
diffuse gastric cancers. Another important study, a multi-
centet, open-label randomized controlled trial followed

%
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544 patients who underwent endoscopic resection of
eatly gastric cancer, half of whom underwent eradica-
tion of colonizing H. pylort”. Eradication decreased the
risk of developing metachronous gastric cancer by ap-
proximately 65%, even though these patients had already
been diagnosed with early gastric cancer.

China: To determine whether H. pylori eradication re-
duces the incidence of gastric cancer at the population
level in high-risk areas in China, Wong ef al*? (2004)
conducted a randomized, placebo-controlled trial, using
subjects without precancerous lesions. Unfortunately,
however, this study was restricted by a short follow-up
petiod and did not address whether those subjects with
precancerous lesions experience a similar reduction in
gastric cancer risk.

Cigarette smoking

Japan: Numerous epidemiologic studies over the past
several decades have examined the association between
cigarette smoking and gastric cancer risk in Japan, with
the majority showing a significantly increased risk in cur-
rent smokers when compared with those subjects who
have never smoked. According to a systematic review
and meta-analysis conducted by the Research Group for
the Development and Evaluation of Cancer Prevention
Strategies in Japan in 2006, the summary RR for current
smokers were estimated to be 1.8 (95% CI: 1.5-2.1) in
men and 1.2 (1.1-1.4) in women™". Based on these re-
sults, the research group concluded that there is convinc-
ing evidence that tobacco smoking moderately increases
the risk of gastric cancer in the Japanese population.
Approximately 28.4% of gastric cancers are related to
cigarette smoking, according to data from the Hisayama
Study, a population-based prospective study of the com-
bined influence of cigarette smoking and H. pylori infec-
tion*. That study found that cigarette smoking is sig-
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nificantly associated with increased risk of gastric cancer
independent of H. pylor infection.

Although cigarette smoking is associated with an in-
creased risk of gastric cancer, it remains unclear whether
the observed positive association is homogeneous in
terms of histologic type or anatomic location; such infor-
mation has not been included in most previous studies. A
cohort study was designed to address this question, incor-
porating complete histologic data. The results suggest that
smoking significantly increases the tisk of differentiated,
but not undifferentated, distal gastric cancer™,

China: The association between cigarette smoking
and gastric cancer has been investigated in a number
of epidemiologic studies, including both case-control
and cohort studies, but the results are inconsistent!™.
No association was found in a cohort smdy involving
9351 middle-aged adults in urban Shanghai™”. Another
cohort study showed a non-significant increase in risk,
with an RR of 1.4 for current smokers™. In contrast,
a recent prospective study of men in Shanghai showed
that among nondrinkers, smokers have an 80% greater
risk of gastric cancer, suggesting that cigarette smoking
and alcohol consumption exert independent effects on
gastric cancer risk™”.

High intake of salt/salty food and food sources of
nitrosamines

Japan: Collective evidence from epidemiologic and ex-
perimental studies over the past several decades strongly
suggests that high intake of salt/salty food is associ-
ated with an mc1eased risk of gastric cancer in Japanese
populations'™ . Japanese cohort studies dominate the
published literature on gastric cancer epidemiology; of
the 11 cohort studies included in a recent meta-analysis
of salt consumption and %asmc cancer risk, six of these
studies came from Japan'". In four of these Japanese
studies, a statistically significant association was ob-
served, with the RR ranging from 2.2 to 5.4 at the high-
est intake level.

The positive association observed between salt/salty
food intake and gastric cancer risk in epidemiologic
studies is also supported by expetimental evidence. Us-
ing chemical carcinogens such as N-methyl-N*nitro-N-
nitrosoguanidine (MNNG), Tatematsu et a/* reported
the first experimental model of gastric carcinogenesis in
H. pylori-infected Mongolian gerbils. Experiments with
this model demonstrated that sodium chloride (NaCl)
enhances the carcinogenic effects of MNNG and 4-ni-
troquinoline-1-oxide. Another notable finding is that salt
and H. pylors act synergistically to promote the develop-
ment of gastric cancer in Mongolian gerbils"®

No cohort or case-control studies in Japan have pub-
lished results on nitrite or nitrosamine intake in relation
to gastric cancer risk; however, the association between
gastric cancer and dietary intake of exogenous and/or
endogenous nitrosamine, including meat, processed
meat, preserved fish, and preserved vegetables, was ex-
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amined in 11 cohort studies published between 1985 and
2005™). The results are inconsistent, but most studies
show no statistically significant association.

China: Of the 45 case-control studies and 11 cohort
studies that were included in a 2009 meta-analysis of
salt consumption and gastric cancer risk, 13 case-control
studies, but no cohort studies, focus on Chinese popula-
tions!"”. o The associations of gastric cancer with intake of
salt, salty fish, salty vegetables, pickled vegetables, salted
and fermented soya paste, and other salted foods have
been examined, with ORs for individuals at the high-
est intake level ranging from 1.1 to 2.6. Overall, these
findings indicate that high intake of salt and salty food
increase the risk of gastric cancer.

Neither cohort nor case-control studies have been
conducted to examine the risk of gastric cancer in re-
lation to nitrite or nitrosamine intake in China. One
cohort study, however, found no significant associa-
tion between processed meat consumption and gastric
cancer risk!™. Additionally, a number of case-control
studies have found that high intake of preserved fish
and preserved vegetables is significantly associated with
increased tisk of gastric cancer'”,

DISCUSSION

We aimed to clarify the similarities and differences in gas-
tric cancer epidemiology in Japan and China by closely
examining patterns of incidence, mortality rates and risk
profiles. It can be difficult to compare data from two
different countries because of differences in genetic sus-
ceptibility; environmental exposure; lifestyle; and the way
each country defines, reports and interprets data. Com-
monalities emerge, however, when the data are carefully
compared. First, gastric cancer still poses a tremendous
health burden in both countries. Second, the prevalence
of H. pylori remains high in adults, and H. pylori infec-
tion significantly increases the risk for gastric cancer.
The magnitude of positive association may have been
underestimated in studies from both countries if only
conventional IgG enzyme-linked immunosorbent assay
(ELISA) serology was used to detect past H. pylori expo-
sure. Because atrophy of the gastric mucosa progresses
with time, seroreversion may result from loss of infec-
tion. In an analysis restricted to eatly diffuse cancer, a
very strong association with H. pylri infection was ob-
served among all age groups”™. In a 2001 Swedish study
that combined IgG ELISA with CagA immunoblot to
detect H. pylori exposure, the adjusted OR for noncar-
dia gastric cancer was 21.0 (8.3-53.4) among H. pylors-
positive subjects®". Third, almost all H. pylori strains are
CagA-positive, and CagA plays a central role in H. pylori-
mduced gastric carcinogenesis®. Fourth, in addition to
H. pylori infection, cigarette smoking and high intake of
salt/salty food are two important risk factors for gastric
cancer. Fifth, clinical studies have provided important
insights into the effects of H. pylori eradication on the
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development of gastric cancer.

Despite these similatities, there are significant dif-
ferences in many aspects of gastric cancer epidemiology
between Japan and China, including patterns in mortality
and the prevalence of H. pylori infection, H. pylori strains,
the magnitude of gastric cancer risk related to H. pylori
infection, and associations with diet. Studies in China
have found a wider variation in patterns of incidence
and mortality than have studies in Japan. Because the
highest rates of gastric cancer are often seen in eco-
nomically undeveloped rural areas in China, reduction
of the mortality rate in these high-risk areas should be
given top priority. Because of the pivotal role of H. py-
lori infection in gastric carcinogenesis, trends in infection
prevalence likely affect the incidence of gastric cancer.
The decline in H. pylori prevalence may have occurred
faster in Japan than in China. Furthermore, in Japan, the
observed decrease in gastric cancer was more marked
than in China, especially among 20-39 years old subjects,
suggesting a clear cohort effect. Further research is re-
quired to determine whether such an effect has been
or will be occurring in China. Although it is unclear
why only a small percentage of individuals infected with
H. pylori develop gastric cancer, differences in H. pylori
strains (i.e,, virulence factors), inflammatory responses,
and environmental exposure may be important factors in
determining individual susceptibility to gastric cancer. In
an analysis of 419 H. pylori strains from Japanese subjects
and 65 H. pylori strains from Chinese subjects, East Asian
CagA type accounted for 94% and 93%, respectively, of
the detected strains®". This result suggests that almost all
Japanese and Chinese H. pylori strains are CagA-positive;
however, differences in other virulence factors, such as
VacA and OipA, also warrant further study.

Diet is commonly believed to play an important role
in the development of gastric cancer®™. Because of the
complexity of diet and the limitations of questionnaire-
based surveys, clarifying its precise role remains a major
challenge in epidemiologic studies. Compared to China,
Japanese cohott studies dominate the literature on the
associations of gastric cancer with diet; in particular,
salt/salty food and dietary N-nitroso compounds are
associated with gastric cancer incidence. There is sub-
stantial evidence suggesting that high intake of salt/salty
food significantly increases the risk of gastric cancer
in the Japanese population. Similarly, numerous case-
control studies in China strongly suggest a positive
association between high intake of preserved fish and
vegetables and gastric cancer risk. The role of N-nitroso
compounds is also crucial in gastric carcinogenesis, but
epidemiologic studies from both Japan and China do not
provide a clear picture of this role, at least in part be-
cause the intake of N-nitroso compounds is notoriously
difficult to measure.

There is a need to accelerate the reduction of gastric
cancer incidence and mortality in both countties and to
determine the most effective strategy for the prevention
of gastric cancer. Cost-effective prevention strategies
have been extensively discussed in Japan®; one dif-
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ficult issue is whether to adopt a test-and-treat policy
for asymptomatic individuals. The available data do not
provide a clear picture of the optimal timing for H. pylori
eradicaton to achieve the maximum benefit while doing
the least harm. In China, tobacco control could con-
fer substantial public health benefits. With 20% of the
wortld’s population, China produces and consumes about
30% of the world’s cigarettes and suffers about a mil-
lion deaths a year from tobacco®™. Efforts to promote
tobacco control and decrease salt consumption should
effectively reduce incidence and mortality from gastric
cancers.

We propose the following three avenues for potential
collaborative work based on the comparison of gastric
cancer epidemiology between Japan and China. First,
data compatisons on H. pylori genotyping are useful for
identifying those people at increased risk of neoplas-
tic transformation. Second, because the prevalence of
premalignant disease states in the general population
is currently undefined, it is important to estimate the
prevalence of precancerous lesions, such as chronic at-
rophic gastritis and gastric intestinal metaplasia, and
their associations with H. pylori infection, on the basis
of endoscopic findings and serologic tests. Third, a
multidisciplinary study is needed to address the role of
N-nitroso compounds in the development of gastric
cancer because epidemiologic studies are limited by dif-
ficulties in the precise measurement of N-nitroso com-
pound intake. It is a challenge to find common ground
for international collaboration. However, the similarities
between these two countsies, namely a high incidence of
gastric cancer and a high prevalence of H. pylori infec-
ton, along with differences in many aspects of gastric
cancer epidemiology, provide an excellent opportunity
for Sino-Japanese collaboration. Such collaborations
will facilitate a more complete understanding of gastric
cancer etiology and the development of more effective
interventions to reduce the mortality and incidence of
gastric cancers. Given the pivotal role of H. pylori in gas-
tric carcinogenesis, screening strategies in both countries
based on H. pylori infection status would be very powet-
ful for developing appropriate and cost-effective screen-
ing programs.

Background

Japan and China have the highest incidences of gastric cancer in the world.
Although a trend of declining incidence has been observed over the past sev-
eral decades, gastric cancer still poses a tremendous burden to populations in
each country. Although numerous gastric cancer studies have been conducted
in each country, this article is the first to clarify the similarities and differences
in gastric cancer between Japan and China by closely examining both epide-
miologic features, such as patterns of incidence and mortality rates, and risk
profiles on the basis of extensive published literature.

Research frontiers

To address why only a minority of individuals with Helicobacter pylori (H. pylor))
colonization develop gastric cancer, the authors need to elucidate the interacting
roles of various strains of H. pylori, host factors, and other lifestyle/fenvironmental
factors in gastric cancer. The authors also need more evidence on the optimal
timing for H. pylori eradication in the interest of preventing gastric cancer.
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Innovations and breakthroughs

The authors found differences in many aspects of gastric cancer between Ja-
pan and China, including patterns of mortality, trends in prevalence of H. pylori
infection, H. pylori strains, and risk profiles. Due to the pivotal role of H. pylori
infection in gastric carcinogenesis, trends in its population prevalence are likely
to affect gastric cancer incidence. The decline in H. pylor prevalence may have
occurred faster in Japan than in China. In Japan, a more marked decrease in
gastric cancer was observed, especially among those people aged 20-39 years
old; this evidence suggests a clear cohort effect. It will therefore be intriguing to
see whether such a cohort effect has occurred in China or will do in the future.
Applications

This article has implications for future collaborative studies between Japan
and China. First, comparing data on H. pylori genotyping is useful for identify-
ing those patients at increased risk of neoplastic transformation. Second, it is
important to estimate the prevalence of precancerous lesions, such as chronic
atrophic gastritis and gastric intestinal metaplasia, and to evaluate the distribu-
tion of H. pylori in high-risk populations, on the basis of endoscopic findings and
serologic tests. Third, a multidisciplinary study is needed to address the role of
N-nitroso compounds in the development of gastric cancer. Specifically, screen-
ing strategies based on H. pylori negativity or positivity in both countries would
be very powerful in terms of developing appropriate and cost-effective screen-
ing programs.

Terminology

H. pylori colonizes the human stomach, and individuals with H. pylor infection
have an increased risk of developing gastric cancer.

Peer review

This article compares factors associated with the risk for developing gastric
cancer in H. pylori-infected individuals from China or Japan. It summarizes a
large body of literature on the rates of H. pylori infection along with the links be-
tween smoking, high salt and nitrate diets and gastric cancer rates. This article
should be well received, especially in Asian countries, where the prevalence of
H. pylori infection and gastric cancer remains unacceptably high.
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The relationship between gastric cancer and serum vascular endo-
thelial growth factor receptor-1 (sVEGFR-1) and sVEGFR-2, which
are soluble form receptor proteins of vascular endothelial growth
factor (VEGF), has not been extensively studied. VEGF, sVEGFR-1
and sVEGFR-2 were measured in the sera obtained before surgical
operation from 164 gastric cancer patients and from 164 healthy
controls matched for age and gender. Compared with controls, the
cases showed elevated VEGF (P < 0.01) and reduced sVEGFR-1
(P = 0.07) and sVEGFR-2 (P = 0.02). The difference in VEGF levels
was small among men and when the outcome was early cancer.
The difference in sSVEGFR-1 levels was significant or borderline sig-
nificant only in men and when the outcome was diffuse type can-
cer. The difference in sVEGFR-2 levels was significant only in men
and when the outcome was advanced or diffuse type cancer. The
sensitivities and specificities of VEGF, sVEGFR-1 and sVEGFR-2 were
all approximately 60%. For diffuse type cancer, sVEGFR-2 showed
a sensitivity of 62.4% and a specificity of 63.4%, which was similar
to serum pepsinogen. In conclusion, elevated VEGF and reduced
sVEGFR-1 and sVEGFR-2 in serum are characteristic of gastric cancer
patients, and the value of serum sVEGFR-2 in the diagnosis of dif-
fuse type gastric cancer should be further evaluated. (Cancer Sci
2011; 102: 866-869)

A Ithough the incidence and mortality of gastric cancer have
been declining among the younger generation in Japan,'”
it remains as the second highest cause of cancer death.”®’
Recently, it has been proposed that serum Helicobacter pylori
antibody and pepsinogen values should be used for risk assess-
ment of gastric cancer in adults,”® and gastric cancer preven-
tion programs are expected to become more cost-effective, if the
programs do not target at subjects without H. pylori infection or
abnormal serum pepsinogen values, who have very low risks of
gastric cancer.**> However, the sensitivit;f of serum pepsinogen
is poor for diffuse type gastric cancer.®” Vascular endothelial
growth factor (VEGF) is a factor promoting vascularization, and
it plays a role in both physical and malignant conditions.”
Staining with VEGF antibodies has revealed the presence of
VEGF in some malignant tissues.®) Previous studies have
shown that serum VEGF concentration is high in several can-
cers, such as breast and colon cancers.®"'” In gastric cancer
patients, elevated VEGF predicts a poor prognosis®!" and is
of(tIeZI; accompanied by other malignant factors such as TGFp-
1.

The biological effects of VEGF are mediated by two receptor
tyrosine kinases, VEGFR-1 and VEGFR-2, which are almost
exclusively expressed within endothelial cells. In addition to
VEGFR-1 and VEGFR-2, a soluble form of VEGF-R1
(sVEGFR-1), a naturally occurring and alternatively spliced
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variant, functions as a high-affinity receptor of VEGF. Com-
pared to VEGFR-1, VEGFR-2 is more widely distributed and
expressed in all vessel-derived endothelial cells. The
VEGF/VEGFR-2 signaling pathway plays a crucial role in
tumor angiogenesis. Although the exact role of VEGFR-1
remains controversial, the available evidence have shown that
VEGFR-1 functions to limit VEGF/VEGFR-2 mediated angio-
genesis with intact receptor acting as a decoy and soluble form
creating inert receptors by dimerization with VEGFR-2 or
sequestering free ligand.”’ Soluble form of VEGFR-2
(SVEGFR-2) as well as sVEGFR-1 can be detected in serum.
Circulating VEGF is known to be higher in gastric cancer
patients than in healthy subjects.!® However, the data on circu-
lating sVEGFR-1 and sVEGFR-2 levels are limited.

In this study, serum VEGF, sVEGFR-1 and sVEGFR-2 levels
were compared between gastric cancer patients and matched
healthy controls. Secondary analyses examined different sub-
types of gastric cancer defined by progression stage and histo-
pathological type. To evaluate the diagnostic accuracy of the
VEGF, sVEGFR-1 and sVEGFR-2 levels, the optimal cutoff
values, sensitivities and specificities for gastric cancer were
calculated.

Materials and Methods

Subjects in this study were originally enrolled in our previous
study; the details of the subg'ect recruitment and data collection
are provided elsewhere.'*'> Briefly, sera were collected from
787 gastric cancer patients who were younger than 70 years of
age and were admitted to the surgical division of nine hospitals
in the Tokyo Metropolitan Area between June 1993 and July
1995. Phlebotomy of each patient was performed before cancer
treatment (surgical operation or chemotherapy). The sera were
also collected from 1007 apparently healthy subjects who were
admitted for health screening programs between June 1993 and
November 1994. Informed consent was obtained from all sub-
jects. The diagnosis of cancer was confirmed, and other informa-
tion, including histological types and progression stages, was
collected from histopathological reports for resected or biopsy
specimens.

In three of the nine hospitals, prognosis information for gas-
tric cancer patients was available. Of the 571 patients from these
three hospitals, 198 cases were randomly selected so that young
patients were included, and the proportion of men and women
were similar in each 10-year age group.

8To whom correspondence should be addressed.
E-mail: kikuchis@aichi-med-u.ac.jp
9Present address: Southern Tohoku Group Tokyo Hospital, Tokyo.
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Table 1. Characteristics of subjects Table 2. VEGF, sVEGFR-1 and sVEGFR-2 levels in cases and controls
Control Case P-value VEGF (pg/mL) s(VEG/FRI:; s(VEG/FRLZ
Number of subjects 164 164 Mean + SD Mzgnrz D MZagnrz S)D
Age (years) 53.9 + 10.0* 54.0 + 9.9* Matched factor
Male/Female 78/86 78/86 Matched factor  Total
Smoking dose (number of cigarettes per day multiplied by smoking Number of pairs 164 147 164
years) Controls 479.1 = 350.8 56.96 + 34.34 8853 + 1888
No smoking history 84 (51.2%) 81 (49.4%) P=0.43 Cases 640.6 + 516.8 48.47 + 32.45 8397 + 2014
1-399 27 (16.5%) 23 (14.0%) P-value* P < 0.01 P=10.07 P =0.02
400-799 22 (13.4%) 25 (15.2%) Male
800+ 21 (12.8%) 30 (18.3%) Number of pairs 78 71 78
Unknown 10 (6.1%) 5 (3.0%) Controls 511.6 + 372.4 56.10 + 36.26 9304 + 1822
Drinking dose (amount of alcohol consumed [g] per week multiplied Cases 649.3 = 517.6 42.58 + 30.46 8343 + 2186
by drinking years) P-value* P =0.06 P=0.02 P=10.04
No drinking history 47 (28.7%) 54 (32.9%) P < 0.01 Female
Occasional/1-134.9 38 (23.2%) 28 (17.1%) Number of pairs 86 76 86
135-1349.9 35(21.3%) 27 (16.5%) Controls 479.6 + 3294 55.82 £ 32.69 8443 + 1864
1350+ 19 (11.6%) 41 (25.0%) Cases 632.8 £ 519.0 53.97 = 33.47 8173 + 1828
Unknown 25 (15.2%) 14 (8.5%) P-value* P < 0.01 P=0.74 P=0.28
Helicobacter pylori 105 (64.0%) 159 (97.0%) P < 0.01

seropositivet

*Mean = standard deviation. tMeasured using J-HM-Cap (Kyowa
Medex Co. Ltd., Tokyo).

A healthy control was matched to each case based on age
(within 2 years) and gender. In 34 pairs, the serum sample from
either the case or the control had already been used up, so data
on 164 matched pairs were available for this study. Based on the
pathological information, cases were classified into early (depth
of invasion was within submucosa) and advanced (depth of
invasion includes propria muscle) gastric cancer or into intesti-
nal and diffuse type cancers.

VEGF, VEGFR-1 and VEGFR-2 were measured in the sera
with the commercial ELISA kit Quantikine from R&D systems
(Minneapolis, MN, USA) for human VEGF, sVEGF R1 and
SVEGF R2 by a researcher who was blind to the case status asso-
ciated with the samples. Serum VEGF, sVEGFR-1 and sVEGFR-
2 levels were compared between cases and controls by paired
t-tests. To evaluate the diagnostic accuracy of the factors, the
optimal cutoff values and the sensitivity and specificity were cal-
culated for all, early, advanced, intestinal and diffuse type can-
cers. In these calculations, the controls were restricted to those
who were paired to cases belonging to the specific classification.

Results

Table 1 shows the characteristics of the subjects. Although no
remarkable difference in smoking was observed between cases
and controls, the cases drank more alcohol and had a higher
prevalence of H. pylori. VEGF and sVEGFR-2 levels were mea-
sured for all subjects, but the sVEGFR-1 level was measured
only in 147 pairs because of insufficient sera.

The VEGF level was higher in cases than in controls
(Tables 2,3), but the difference was weak among men and when
the outcome was early cancer. Compared with controls, the
cases tended to have lower sSVEGFR-1 levels, and the difference
was significant among male subjects and borderline significant
when the outcome was diffuse type cancer. The sVEGFR-2 level
was lower in cases of advanced or diffuse-type cancer than in
their matched controls.

Table 4 shows the optimal cutoff values for VEGF, sVEGFR-
1 and sVEGFR-2. Of the three factors, VEGF showed the best
sensitivity and specificity, 63.5% and 65.1%, respectively, for
intestinal-type cancer when the cut-off value was 415 pg/mlL.
sVEGFR-2 gave the best diagnostic accuracies for all advanced
and diffuse type cancers where cut-off values (sensitivities

Kikuchi et al.

*Results from paired t-tests. VEGF, vascular endothelial growth factor;
SVEGFR-1/2, serum vascular endothelial growth factor receptor-1/2.

Table 3. VEGF, sVEGFR-1 and sVEGFR-2 levels in cases and controls
with respect to progression stage (early or advanced) and
histopathological type (intestinal or diffuse)

VEGF (pg/mL) SVEGFR-1 SVEGFR-2
Mean + SD (pg/mL) (pg/mL)
Mean + SD Mean = SD

Early gastric cancer (depth of tumor invasion is within submucosa)

Number of pairs 78 70 78
Controls 485.4 + 344.0 52.68 + 30.79 8853 + 1770
Cases 607.4 + 422.8 46.43 = 28.81 8811 x 2075
P-value* P =0.06 P=0.24 P=0.88
Advanced gastric cancer (depth of invasion includes propria muscle)
Number of pairs 86 77 86
Controls 473.3 + 358.7 58.93 + 37.23 8852 + 2001
Cases 670.8 + 590.2 50.32 = 35.53 8021 = 1891
P-value* P < 0.01 P=0.16 P < 0.01
Intestinal type gastric cancer
Number of pairs 63 57 63
Controls 4745 + 391.3 50.64 + 32.38 8501 = 1764
Cases 658.6 + 541.3 47.28 + 30.96 8556 + 2208
P-value* P=0.03 P=0.58 P=0.87
Diffuse type gastric cancer )
Number of pairs 101 90 101
Controls 481.9 + 325.0 59.32 x 35.29 9072 + 1938
Cases 629.4 + 503.4 49.22 = 33.51 8297 + 1887
P-value* P=0.02 P =0.06 P <0.01

*Results of paired t-tests. VEGF, vascular endothelial growth factor;
SVEGFR-1/2, serum vascular endothelial growth factor receptor-1/2.

and specificities) were 8520 pg/mL (61.0% and 60.4%),
8314 pg/mL (66.3% and 61.6%) and 8520 pg/mL (62.4% and
63.4%), respectively. For early gastric cancer, sVEGFR-1 gave
the best sensitivity and specificity, 60.0% and 58.6%, respec-
tively, when the cut-off value was 46.0 pg/mL.

Discussion

VEGF was elevated in gastric cancer patients compared to con-
trols. The presence of VEGF in a gastric cancer lesion'" and a

Cancer Sci | April 2011 | vol. 102 | no.4 | 867
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Table 4. Optimal cutoff values (sensitivity, specificity) of the factors for all, early, advanced, intestinal type and diffuse type cancers

Factor All Early

Advanced Intestinal Diffuse

VEGF (pg/mL)*
SVEGFR-1 (pg/mL)*
SVEGFR-2 (pg/mL)*

420 (60.4%, 57.9%)
45.6 (57.8%, 57.1%)
8520 (61.0%, 60.4%)t

428 (61.5%, 56.4%)
46.0 (60.0%, 58.6%)t
8959 (55.1%, 52.6%)

420 (58.1%, 60.5%)
45.5 (57.1%, 55.8%)
8314 (66.3%, 61.6%)t

415 (63.5%, 65.1%)t
40.7 (50.9%, 57.9%)
8400 (58.7%, 57.1%)

428 (56.4%, 54.5%)
45.8 (58.9%, 60.0%)
8520 (62.4%, 63.4%)t

*Positive is defined as the marker level being greater than or equal to the value given. tThe best sensitivity and specificity of the three markers.
Positive is defined as the marker level being less than the value given. VEGF, vascular endothelial growth factor; sVEGFR-1/2, serum vascular

endothelial growth factor receptor-1/2.

high level of circulating VEGF indicate a poor prognosis.’®*%

The result of the current study on VEGF is consistent with the
results of previous studies."****") The VEGF may have origi-
nated from gastric cancer cells®® and the production and secre-
tion may be increased with the progression of the cancer, but
whether the cancer is intestinal or diffuse may have little influ-
ence on the VEGF level. It has been rePorted that H. pylori
infection elevates serum VEGF level,?**® which can be a rea-
son for the elevated VEGF level in gastric cancer patients. How-
ever, no association was observed between H. pylori serology
and VEGF, sVEGFR-1 or sVEGFR-2 level in controls of this
study.

Compared to the controls, the SVEGFR-1 and sVEGFR-2 lev-
els were reduced in gastric cancer patients. One possibility is
that the antibody used for ELISA recognizes the same or a near
region as the ligand binds. Elevated VEGF levels may bind
to these receptors and thereby reduce the sVEGFR-1 and
sVEGFR-2 levels. Vascularization may promote cancer progres-
sion, and soluble VEGFR-1 and VEGFR-2 may act as decoys
and disturb the binding of VEGF to VEGFR-2 on the surface of
target cells. Reduced VEGFR-1 and VEGFR-2 levels and an ele-
vated VEGF level stimulate the progression of gastric cancer
and thus may be characteristic in gastric cancer patients.

Compared with VEGF, limited studies have examined circu-
lating sSVEGFR-1 level for gastric cancer and their role remains
elusive. Colorectal cancer patients showed lower serum
sVEGFR-1 level than controls did,*® which is consistent with
this study. Studies on pancreatic and biliary tract cancers gave
similar results with this study on serum VEGF levels, but they
showed higher sVEGFR-1 levels in patients than in con-
trols.?>?® Several studies to date have investigated relation-
ships between sVEGFR-1 levels and (Erognosis as for several
sites of cancers, which is inconsistent.”” On sVEGFR-2 level,
studies have been more limited. Further studies are warranted to
clarify the role of sSVEGFR-1 and sVEGFR-2 and their interac-
tions with VEGF in the development of gastric cancer. The dif-
ference in the levels of the three factors between gastric cancer
patients and controls was affected by gender, progression stage
and histopathological type. The difference in the sVEGFR-1
level was not as clear as that for sVEFGR-2, which may be due
to the obscure role of VEGFR-1 in vascularization. The differ-
ences in the VEGF and sVEGFR-2 levels were more striking for
advanced cancer than early cancer, which can be explained by
greater VEGF secretion from advanced gastric cancer tissues
and by the binding of circulating SVEGFR-2. The difference in
VEGF levels between matched cases and controls was smaller
among men than women, while the differences in sVEGFR-1
and sVEGFR-2 levels between matched cases and controls were
greater in men than in women. The underlying reason for the
gender difference is unknown, but hormonal differences could
exert some effect.

The difference in VEGF between matched cases and controls
was similar between the intestinal and diffuse type cancers,
whereas the difference in sVEGFR-1 and sVEGFR-2 levels was
greater in the diffuse type cancer than in intestinal cancer. An

868

explanation for the reduced sVEGFR-2 level in diffuse type gas-
tric cancer is that advanced cancer was more frequent in diffuse
type cancer than in the intestinal type. Actually, 54% of early
and 69% of advanced cancers were diffuse types (P = 0.06).
TGE-P1 is upregulated in patients with diffuse type gastric can-
cer®®* and TGF-B1 downregulates the expression of VEGFR-
2 in endothelial cells.®® These facts may be associated with the
reduced sVEGFR-2 level in diffuse type gastric cancer. Serum
pepsinogen II showed a sensitivity of 83.3% and a specificity of
76.9% for gastric cancer among those younger than 40 years of
age,®V although the sensitivity and specificity were weaker in
those over 40 years. The sensitivities and specificities for the
optimal cut-off values of VEGF, sVEGFR-1 and sVEGFR-2
were all approximately 60%, which is a somewhat unsatisfac-
tory level. However, there were two interesting findings. One
was that sVEGFR-2 showed a relatively good diagnostic accu-
racy compared with VEGF, although with VEGF, there was a
smaller P-value than sVEGFR-2 in the paired -test between
cases and controls. The other finding was that sVEGFR-2 gave a
similar diagnostic accuracy for diffuse type gastric cancer than
serum pepsinogen. Serum pegsinogen, which is a good marker
for gastric cancer and its risk,®® does not show a good diagnos-
tic accuracy for the diffuse type cancer.” When the diagnostic
accuracy of serum pepsinogen for diffuse type cancer was calcu-
lated, and a positive result was defined as a pepsinogen I con-
centration not more than 70 ng/mL and the pepsinogen I to II
ratio not more than 3.0, the sensitivity and specificity were
65.3% and 59.4%, respectively. Compared with these values,
the values for sSVEGFR-2 of 62.4% and 63.4% were similar.
Serum sVEGFR-2 can be used in the diagnosis of gastric cancer
as the diagnostic accuracy of serum pepsinogen is not excellent.
However, cautions are needed when using it to detect gastric
cancer, because serum sVEGFR-2 is not specific for gastric can-
cer. The value of serum sVEGFR-2 in the diagnosis of gastric
cancer, especially of the diffuse type, should be evaluated in
further studies.

Because this study was not prospective, the differences in the
serum levels of the markers may have been due to gastric can-
cer, and thus, the evaluation of the markers as risk indicators
was impossible. We took this into consideration when interpret-
ing the results. Another weakness of our study was that the mea-
surement of the marker levels in the sera was performed after
several years of frozen preservation. The preservation condition
was not different between the cases and controls, and the mea-
surement was performed by a researcher who was blinded to the
case status for each serum sample. Thus, neither bias nor a
difference in the preservation condition was expected to distort
the results.

In conclusion, serum VEGF was elevated and sVEGFR-1 and
sVEGFR-2 levels were reduced in gastric cancer patients. The
difference in the levels of the three factors between gastric can-
cer patients and controls was affected by gender, progression
stage and histopathological type. sSVEGFR-2 showed a sensitiv-
ity and specificity for predicting diffuse type cancer that was
similar to that of serum pepsinogen.

doi: 10.1111/.1349-7006.2011.01860.x
© 2011 Japanese Cancer Association
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