Development of Gastric Cancer and its Prevention

Review Article

Development of Gastric Cancer and Its Prevention

Sadegh Massarrat MDe!, Manfred Stolte MD?

Abstract

Gastric cancer is a heterogeneous disorder; genetic factors, H. pylori infection and various environmental factors contribute to its
development. Advanced atrophic corpus-predominant gastritis provides the histological base for its genesis. Low socio-economic
status and poor hygienic conditions, smoking habits, heavy alcohol consumption, high salt and low intake of vegetables and fruits are
important external factors for the occurrence of gastric cancer. For its prevention, the eradication of H. pylori infection at an early age
is mandatory for subjects at high risk or those living in areas with high prevalence of gastric cancer. Given that an increased serum
level of Pepsinogen Il is a good biomarker for the presence of gastritis, it seems reasonable to screen all infected subjects at risk of
gastric cancer with increased serum pepsinogen Il at an early age (at around 30 years) to eradicate H. pylori. An endoscopy should be
performed for subjects at an older age (40 years and older), when increased serum pepsinogen |l level is associated with decreased

serum pepsinogen | and pepsinogen | to Il ratio.
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Introduction

astric cancer is highly prevalent in countries such as Ja-
pan, Korea, China, Iran and some countries of South
America, although the prevalence of distal gastric cancer
has decreased dramatically during the last three decades in the
Western world.! This remarkable decrease in distal gastric can-
cer in Western countries and the increased prevalence of proxi-
mal gastric and cardiac cancer’* are concurrently associated
with the decrease of the prevalence of H. pylori infection.® This
phenomenon shows that changing environmental factors can
account for the increased development of colorectal cancer and
the regression of distal gastric cancer in Western countries. Ep-
idemiological studies have not considered the localization of
cancer in the stomach and no distinction has been made be-
tween proximal and distal gastric cancer. Due to H. pylori-in-
duced gastritis, all types of gastric cancer are developed in a
mucosa with deep changes associated with atrophy and intesti-
nal metaplasia. The aim of this review article is to discuss the
pathogenesis of gastric cancer irrespective of its localization
and morphology, the important factors contributing to its devel-
opment and measures, which are relevant for its prevention.
The molecular biology of gastric cancer and the biomarkers
relevant for its prognosis are not addressed in this article. The
prevention of gastric cancer is very important, given that gastric
cancer is usually diagnosed when it is already at an advanced
stage and its surgical removal is currently associated with a sur-
vival span of 5 years.
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Gastritis as precursor of gastric cancer

There is no doubt that chronic inflammation of an organ is
considered as the first step in the development of cancer in
various organs. The inflammation of gastric mucosa is more
specific than the homogeneous inflammatory process in other
organs. Due to different morphology and functions of upper
and lower stomach, Helicobacter pylori inflames the antral re-
gion first (antral gastritis). The spread of inflammation from the
antrum upwards occurs with advancing age under some con-
ditions (corpus-predominant gastritis). With the predominance
of gastritis in the antrum, duodenal ulcer or prepyloric ulcer
disease can be developed. When the gastritis progresses from
the antrum to the corpus with advancing age in some people
and with the regression of inflammation in the antrum, corpus-
predominant gastritis occurs.” While gastritis restricted to the
antrum occurs without H. pylori infection, the expansion of
gastritis to the corpus (antrum-predominat and corpus-predom-
inant gastritis) is associated with H. pylori infection in 80%
of the patients.® With the atrophy of mucosa in the corpus, the
parietal cells disappear slowly. Thus, the secretory capacity of
acid secretion will be decreased (Hypochlorhydria). When the
inflammation advances in the corpus and with the appearance
of atrophy of mucosa, a change of mucosa to metaplastic type
(intestinal metaplasia) develops. This process is associated with
a complete lack of parietal cells and the cessation of acid secre-
tion (Achlorydria). When there is a lack of acid secretion, H.
pylori cannot survive and disappears. Thus, the bacteria coming
from oral or intestinal route can colonize the stomach and help
to induce an environment capable of producing the oncogenic
compound nitrosamine, which seems to be important for the oc-
currence of dysplasia and neoplasia in gastric mucosa.’ Corpus
predominant infiltration of neutrophils and mononuclear cells
and any appearance of intestinal metaplasia in the antrum or
corpus were found to be important risk factors for the develop-
ment of early gastric cancer.!”



Genetic host factors in the development of gastric cancer

Gastric cancer is a heterogeneous disorder; multiple factors
play a role in its genesis. Less than 10% of the cases of gas-
tric cancer can be traced back to the inheritance of factors rel-
evant for gastric cancer development. Among these is familial
inheritance of E-Cadherin, which is a host factor that causes the
hereditary diffuse gastric cancer, in which this neoplasia oc-
curs with high percentage with no influence of environmental
factors under the age of 50 years. A prophylactic gastrectomy is
indicated for subjects who have this mutation at an early age."
This genetic factor is very rare in the population and therefore
cannot play an important role in the occurrence of gastric can-
cer in the population.

In a meta-analysis, Interleukin-1B-511T allele and IL-1 RN*2
VNTR were significantly associated with increased risk of de-
veloping gastric carcinoma and even more significantly with
non-cardia gastric carcinoma or intestinal-type of gastric car-
cinoma. Both are significantly associated with increased risk
of developing gastric carcinoma among Caucasians, but not
Asians or Hispanics.'? In a different meta-analysis, this associa-
tion, however, was not present.'?

Patients with Peutz-Jaghers syndrome as an autosomal domi-
nant inherited disorder are at risk of the development of various
malignant conditions. Gastric cancer is one type of cancer af-
fecting these patients.! Patients with hereditary non-polyposis
colorectal cancer (Lynch syndrome) might develop gastric can-
cer. Carriers of this syndrome may have a lifetime risk of 8% in
males and 5.3% in females for gastric cancer.'

The carriers of blood group A, compared with other blood
groups, are more exposed to gastric cancer development. In a
population follow-up of over 35 years in Scandinavia, those
with blood group A had an incidence rate of gastric cancer of
1.2 (95% CI: 1.02 — 1.42).' This has been confirmed in a case
control study in Japan.'”

Socioeconomic conditions

In a population-based cohort study in Japan with 725 gastric
cancer patients, the unemployed and manual laborers had a
higher likelihood of dying from gastric cancer compared with
professional and office workers with HR of 1.68 (95% CI: 1.07
—2.62).1%

After adjustment for the stage of disease, the difference disap-
peared. Results from 36 studies show an increased risk of gas-
tric cancer of 2.64 (95% CI: 1.05 to 6.63) among those with the
lowest socioeconomic position (low level of education and low
level of occupation combined) as compared to those with the
highest socioeconomic position.'In a province in Spain, the in-
cidence risk of gastric cancer in the most deprived men, but not
in women, was twice (95 % CI: 1.22 — 2.98) higher compared
to groups with less deprived conditions.?’ Additional factors
were, however, not taken into account in these studies. All sub-
jects belonging to a group with low socioeconomic status had a
higher prevalence of H. pylori infection,?' more frequent smok-
ing habit,?? and less vegetables and fruit intake,” than the gen-
eral population. All these factors predispose the subjects of low
socioeconomic status to development of gastric cancer.

Helicobacter pylori and its subtypes
Epidemiologic studies in 1992 and later have confirmed that
patients with H. pylori infection are more likely to suffer from
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gastric cancer than non-infected ones.?** Among subjects in-
fected with H. pylori, genotypes of CagA and VacA, seropos-
itivity to some proteins of H. pylori (Omp, HP 305, Hy UA
and HP aA) were associated with one and a half to three fold
increase in the occurrence of gastric cancer.?® In a case-control
study, those with high titer of IgG antibody against H. pylori
and low titer of Cag A antibody had a risk factor of 2 (95% CI:
2.1 —7) for developing gastric cancer.”’” Positive H. pylori an-
tibody and CagA serology were associated with increased risk
of gastric cancer in a meta-analysis by 2.01 (95% CI: 1.21 —
3.32).2 In a prospective observational study, Uemura, et al. fol-
lowed up endoscopically examined patients with and without
H. pylori infection over two to thirteen years (mean 7.2 years)
and found among those infected (n = 1246) 38 subjects with
gastric cancer and none among non H. pylori infected subjects
(n=280).%

When some inconsistencies exist in the association between
H. pylori infection and gastric cancer, it might be caused by
disappearance of H. pylori infection by advanced atrophic gas-
tritis in corpus and the ensuing lack of gastric acid secretion.>*!

Role of life style, smoking and alcohol habits

Among environmental factors, various habits play an impor-
tant role in causing the occurrence of gastric cancer. Most at-
tention has been paid to the role of smoking and alcohol intake
as important factors. In a study of the role of H. pylori infection
in which 299 cancer cases and 3 controls per case were taken
into consideration, current smoking showed higher risk for gas-
tric cancer (RR =2.3; 95% CI, 1.4 —3.5; P < 0.001) with more
diffuse-type than intestinal-type tumors (P < 0.05).3

In a meta-analysis on the role of smoking in development of
gastric cancer, Ladeiras-Lopes, et al. found forty-two articles
for systematic review. Comparing current smokers with non-
smokers, the summary RR estimates were 1.62 in males (95%
CI: 1.50 — 1.75; 18 studies) and 1.20 in females (95% CI: 1.01
— 1.43; nine studies); the RR increased from 1.3 for the low-
est consumption to 1.7 for the smoking of approximately 30
cigarettes per day in the trend estimation analysis; smoking was
significantly associated with both cardia (RR = 1.87; 95% CI:
1.31 — 2.67; nine studies) and non-cardia gastric cancer (RR =
1.60; 95% CI: 1.41 — 1.80; nine studies).*

A total of 1,071 Japanese men aged 40 years or higher were
followed up prospectively for 14 years. Compared with current
nonsmokers, the hazard ratios of gastric cancer for smokers in-
creased with the number of daily cigarettes; the HR values for
1-9,10-19, and > or = 20 cigarettes per day were 1.36 (95%
CI: 0.50-3.71), 1.93 (95% CI: 1.01 —3.67), and 1.88 (95% CI:
1.02 — 3.43), respectively. The risk of gastric cancer increased
steeply for subjects who had both a smoking habit and H. pylori
infection compared with those who did not have both risk fac-
tors (HR = 11.41, 95% CI 1.54, 84.67).>* In a hospital-based
study, smoking one or more cigarettes per day was associated
with a relative risk of 4.8 for gastric cancer with confidence
limit of 0.6 — 14.8. The consumption of red wine with smok-
ing increased the relative risk to 9.3 with 95% confidence limit
of 4.6 —19.0. In a prospective cohort of 18,244 middle-aged
men in Shanghai over 20 years of follow-up, 391 incidences of
gastric cancer were identified. Smokers had an increased risk
of gastric cancer (HR = 1.59; 95% CI: 1.27 — 1.99) compared
to nonsmokers after adjustment for alcohol intake and other
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confounders. Among non-drinkers, smokers had 80% increased
risk of gastric cancer (HR = 1.81; 95% CI: 1.36 — 2.41). Con-
versely, heavy drinkers experienced a statistically significant
increase in risk of gastric cancer (HR = 1.46; 95% CI: 1.05 —
2.04) among all subjects and a statistically non-significant 80%
increased risk among smokers.* In a cohort study of 7150 men
in Lithuania over 30 years, 185 cases of gastric cancer were
detected. Higher intake of wine more than 0.5 liter per occasion
compared with less intake was associated with gastric cancer
with HR of 2.95 for men (95% CI: 1.30 — 6.68). Higher con-
sumption of beer or vodka was not associated with gastric can-
cer risk. After adjustment for smoking, education level, body
mass index and ethanol intake, no excess risk of gastric cancer
was found in association with total acetaldehyde intake.”” In an
European prospective investigation and nutrition cohort study
with the occurrence of 444 cases of gastric cancer, heavy al-
cohol consumption at baseline was positively associated with
gastric cancer risk (HR = 1.65; 95% CI: 1.06, 2.58), whereas
lower consumption (< 60 g/d) was not.® Intestinal non-cardia
carcinoma was associated with heavy alcohol intake.

In a population-based cohort study in Korea over 6.5 years
with 3452 detected cases of gastric cancer, a positive associa-
tion was found between alcohol consumption and distal (RR =
1.3; 95% CI: 1.2 — 1.5) and all total gastric cancer (RR = 1.2;
95% CI: 1.1 — 1.4). Combined consumption of high levels of
tobacco and alcohol increased the risk estimates further; cardia
and upper-third gastric cancers were more strongly related to
smoking than distal gastric cancer.”

In a meta-analysis of 44 case-control and 15 cohort studies,
including a total of 34557 gastric cancer cases, compared with
non-drinkers, the pooled relative risk (RR) was 1.07 (95% CI:
1.01 —1.13) for alcohol drinkers and 1.20 (95% CI: 1.01 — 1.44)
for heavy alcohol drinkers. This meta-analysis provides defi-
nite evidence of a lack of association between moderate alcohol
drinking and gastric cancer risk. There was, however, a positive
association with heavy alcohol drinking.** In a further meta-
analysis, of the 11 cohort studies evaluated, nine showed no as-
sociation between alcohol drinking and gastric cancer, and one
study showed a strong positive association among men. None
of the 11 case-control studies found any association between
alcohol drinking and gastric cancer.*!

By comparing smoking habit and alcohol intake, it became
evident that smoking has definite influence on the development
of gastric cancer, while alcohol intake did not affect the de-
velopment of gastric cancer in the majority of studies. Heavy
intake of alcohol could affect the occurrence of gastric cancer.
As heavy drinkers usually smoke and since this was not consid-
ered as a confounding factor in the majority of studies, it cannot
be ruled out that this effect could be due to smoking habit of
drinkers, too. In all these epidemiological studies, the H. pylori
co-infection rate of the populations was not examined. It is very
probable that the subjects with risk factors were also infected
with H. pylori.

Role of salt intake in the etiology of gastric cancer

The remarkable decrease of gastric cancer in the last three
decades appears to be the consequence of changing nutritional
habits that coincide with a change in life style due to better hy-
giene and the use of refrigerators for preserving meat and food
without conserving it. During the same time period, the H. py-
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lori infection rate of Western populations has decreased consid-
erably. In almost all clinical studies, the reduction of daily salt
intake by preserving meat and food without the use of salt as a
conserving compound has decreased the progression of gastric
mucosa towards precancerous conditions and gastric cancer.
The varying mortality rates of gastric cancer in many countries
are closely associated with the consumption of salt and urine
salt concentration.*” In a meta-analysis in 2012 (total popu-
lation: n = 2076498; events: n = 12039), the combined odds
ratio showed a significant positive association between high
salt intake and gastric cancer compared with low salt intake
(OR = 2.05, 95% CI: 1.60 — 2.62).* In another meta-analysis
with seven studies and inclusion of 268 718 participants, 1474
gastric cancer cases were identified over a follow-up of 6 — 15
years. In the pooled analysis, “high” vs. “low” salt intake was
associated with a corresponding risk of gastric cancer with RR
=1.68 (95% CI: 1.17-2.41) and “moderately high” vs. “low”
salt intake with RR = 1.41 (95 % CI: 1.03 — 1.93).* The as-
sociation between salt intake and gastric cancer occurrence was
observed in another case and control study in Portugal regard-
less of H. pylori infection status and virulence, smoking, tumor
site or histological type.* However, in the follow up study of
the government employees over 6 — 7 years in Korea, this as-
sociation was marginal.* In another study, this association was
found in those having a combination of H. pylori infection and
atrophic gastritis.*’

Role of vegetables and fruits as antioxidants

Intake of vegetables and fruits and occurrence of cancer has
been extensively studied in many cohort and population- and
hospital-based case and control studies in a variety of sites.
Sufficient fruit and vegetable intake reduces the prevalence of
cancer in various organs, including the intestinal tract. In a me-
ta-analysis which considered 16 studies, a favorable effect on
gastric cancer was found for a “healthy diet” rich in vegetables
and fruits with an odds ratio (OR) of 0.75 (95% CI: 0.63 — 0.90)
for the highest versus the lowest category and an unfavorable
role emerged for the “Western/unhealthy’ dietary pattern, with
an OR of 1.51 (95% CI: 1.21 — 1.89).*® In four areas of Korea,
mortality due to gastric cancer over 15 years was negatively
associated with use of refrigerators and intake of fruit but not
vegetables.*’

From 29 case-control studies carried out in Latin America,
fruit and total vegetable consumption were each associated
with a moderately decreased risk of gastric cancer.*

In a case and control study from Italy, among the four ma-
jor dietary patterns, named “animal products”, “vitamins and
fiber”, “vegetable unsaturated fatty acids”, and “starch-rich”, a
positive association was found between gastric cancer risk and
the “animal products” (OR = 2.13; 95% CI: 1.34 — 3.40, for the
highest versus the lowest score quartile) and the “starch-rich”
dietary pattern (OR = 1.67; 95% CI: 1.01 — 2.77). The “vita-
mins and fiber” pattern (OR = 0.60; 95% CI: 0.37 — 0.99) was
inversely associated with gastric cancer.’!

In a large case and control study in European countries over
3 12 years, subjects with gastric cancer occurrence had lower
plasma levels of antioxidant micronutrients such as carotenoids
and tocopherols compared with controls.>? In a meta-analysis
published recently on the dietary fiber intake and gastric cancer,
from 21 articles containing 580,064 subjects in 19 case-control



and 2 cohort studies, the odds ratio of dietary fiber intake was
0.58 (95% CI: 0.49 — 0,67).%

Prevention of gastric cancer

As gastric cancer is a heterogeneous disorder and the suscep-
tibility of each individual to the various pathogenetic factors
is different depending on genetic, geographic and environmen-
tal factors, its eradication and prevention might be difficult to
assess. Unintended change of life style and habits in the last
decades have remarkably decreased the prevalence of gastric
cancer in Western Europe, North- and South America. Many
factors play an important role in this decrease. On the one hand,
the improvement of life style conditions and hygiene have di-
minished the prevalence of H. pylori infection as the main cause
of gastritis and precondition for cancer development.** On the
other hand, the improvement of economic status, availability
of refrigerators preserving fresh healthy food, omitting salting
and conserving ingredients in meat led to a dramatic decrease in
gastric cancer. Smoking patterns as a further factor contributing
to the occurrence of gastric cancer has hardly changed in either
the developed or the developing countries.

Hereditary gastric cancer

Genetic factors with high penetrance must be treated differ-
ently from other causes. Any family with two documented cas-
es of gastric cancer in the first or second degree relatives, with
the tumor occurring in at least one member under the age of 50
years, or in three members in the first or second degree rela-
tives at any age must be considered as genetically predisposed
to gastric cancer. Early gastric resection in the case of high pen-
etrance of gastric cancer at an early age must be the main mea-
sure of prevention if there is a diagnosis of genetic deficiency.
In other cases, the risk must be assessed on the basis of mucosal
changes by histology of the antrum and corpus and eradication
of H. pylori through further surveillance in different intervals.>

Chemoprevention of gastric cancer

No randomized controlled studies exist so far on the long term
effect of NSAID alone on the development of gastric cancer.
In a meta-analysis (eight case-control and one cohort study)
with a total of 2831 gastric cancer patients, NSAID users had
a reduced risk of gastric cancer, with odds ratio of 0.78 (95%
CI: 0.69 — 0.87). Users of aspirin only (OR = 0.73, 95% CI:
0.63 — 0.86) and non-aspirin NSAIDs (OR = 0.74, 95% CI:
0.55 — 1.00) experienced similar levels of risk reduction.® It
is probable that the anti-angiogenesis and apoptosis-promoting
effects of NSAID play a role in inhibition of cancer genesis in
the stomach as it does in patients with colon polyp.’” There are
many ongoing cohort and population studies for prevention of
cardiovascular diseases in which multiple compounds, includ-
ing low dose aspirin, were administered to subjects in various
countries. The results of these large and long-term studies will
clarify in the future the effect of aspirin on the prevention of
gastric cancer.

Interventional measures to decrease H. pylori prevalence by
eradication

As H. pylori infection is the main cause of gastritis and the
precondition for development of precancerous conditions like
atrophic gastritis and intestinal metaplasia, its eradication re-
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mains a logical step in the strategy of gastric cancer prevention.

Various studies on the prevention of development of precan-
cerous conditions and gastric cancer have shown that intestinal
metaplasia is severely reversible by eradication of Helicobacter
pylori.>® However, gastric cancer development cannot be easily
prevented by the eradication of H. pylori, when the gastritis
has progressed to advanced precancerous conditions. As this
progression takes a long time and occurs at an older age, the
eradication of H. pylori must be carried out long before the
atrophic gastritis associated with intestinal metaplasia devel-
ops. This means that the eradication of H. pylori could have an
effect on preventing gastric cancer when it is performed at an
earlier age. In our double-blind, randomized prospective and
controlled study, successful eradication of H. pylori did not lead
to regression but ended the progression of intestinal metaplasia
after 4 ' years compared to the non-eradicated group.® It is not
known whether the end of progression of precancerous condi-
tion influences the reduction of development of dysplasia and
gastric cancer.

In a multi-center, randomized controlled study over 3 years
in patients with a condition after endoscopic resection of early
gastric cancer (272 patients in each group), H. pylori eradica-
tion prevented, irrespective of length of follow-up, the inci-
dence of recurrence of metachronous gastric carcinoma. The
odds ratio for metachronous gastric carcinoma was 0.353 (95%
CI: 0.161 — 0.775; p = 0.009).% Prevention of recurrent gastric
cancer through H. pylori eradication suggests that the interven-
tion was efficacious in this study despite the presence of pre-
cancerous conditions.

Some population-based controlled studies have addressed the
effect of H. pylori eradication on development of gastric cancer.
None of those studies was able to prove the decrease of gastric
cancer. By pooling the results of 6 studies, 37 of 3388 treated
patients (1.1%) developed gastric cancer compared with 56 of
3307 untreated participants (1.7%) over 4 to 10 years. The rela-
tive risk for gastric cancer was 0.65 (95% CI: 0.43 —0.98).°" All
studies were performed in areas with high incidence of gastric
cancer, mostly in Asia.

On the other hand, as gastritis is very common in most devel-
oping countries and few subjects develop gastric cancer, mass
eradication of H. pylori in all members of these societies with
high prevalence of infection, even in areas with high risk for
gastric cancer, seems to be impossible. Beside high costs, vari-
ous side effects of therapy and the occurrence of bacterial re-
sistance must be taken into consideration. In addition to these
unfavorable aspects, the development of esophageal and cardia
carcinoma,®? as well as esophagitis are associated with nega-
tive H. pylori infection.®*%* Therefore, long-term sequelae of
interventional H. pylori eradication in the population for gastric
cancer prevention remain to be studied. The harm could out-
weigh the probable benefit of eradication in subjects at normal
risk. Thus, mass eradication of H. pylori for gastric cancer pre-
vention is not justified for individuals living in high risk areas.
Therefore, the advantage of H. pylori eradication must be eval-
uated against the probable hazard in any individual, which can
occur many years or some decades later. H. pylori eradication
can only be carried out in the first degree relatives of gastric
cancer patients and in those having an individually high risk of
developing gastric cancer, like corpus-dominant gastritis.
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Measurement of serum pepsinogen I1 (Pep II) and antibody to /. pylori infection (HP)
at 30 years of age

— T~

When both normal

l

No further follow up

+ HP and normal pep I1

+ HP and pep 1l increased

eradication therapy

Follow up at age 35 years

/\.

Pep Il normal

pep Il increased

eradication therapy

Follow up at age 40 years

Pep Il normal

No further follow up

pep Il increased and

Pepsinogen 1 normal— eradication therapy

pep Il increased, pepsinogen I decreased

Gastroscopy with taking biopsies and eradication

Further follow up depending on histology

Figure 1. Strategy for prevention of gastric cancer in subjects at risk

Screening of individuals with high risk for gastric cancer by
measuring serum Pepsinogen Il

In spite of the remarkable decrease in gastric cancer in Europe
and North America, it occurs in all countries with a different
prevalence. As mentioned above, a strategy for gastric cancer
prevention would be to identify the subjects at risk in any so-
ciety and in any area irrespective of the prevalence of gastric
cancer. Except individuals carrying genetic deficiency with
high penetrance for gastric cancer, who need special surveil-
lance and should undergo gastretomy at appropriate time, all
other subjects at risk should be selected among the population.
Endoscopic surveillance with taking biopsy specimens from the
antrum and corpus for diagnosis of corpus-predominant gastri-
tis or routine radiology in areas with high risk for gastric can-
cer are very cost-intensive and not practicable in developing
countries. Many people at risk in developing countries are not
willing to undergo this uncomfortable surveillance procedure at
different time intervals.

Low serum pepsinogen I level (< 70 pg/L) and low ratio of
pepsinogen I to pepsinogen II (< 5 or 3) have been proposed
for screening those with atrophic gastritis by some Japanese au-
thors.® However, this strategy was not adopted in the guideline
of Eastern Asian Societies.®

Pepsinogen I is decreased when extensive atrophic gastritis
and intestinal metaplasia occur in the corpus by remarkable loss
of acid producing parietal cells associated with hypo- or achlor-
hydria.®” Thus, by measuring these biomarkers, individuals at
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earlier stages of atrophic gastritis in the corpus will be missed in
screening. In a study, we found that serum pepsinogen II is in-
creased at least to more than 1 2 -fold of the normal value with
the occurrence of gastritis with 80% sensitivity and specificity
(using a cut-off value of 7.5 pg/mL for pepsinogen II),® which
has been confirmed by others.®*% As atrophic gastritis advanc-
es, the level of serum pepsinogen II, unlike the level of pepsino-
gen I, remains high or increases further, decreasing the ratio of
pepsinogen I to pepsinogen II. Individuals with increased pep-
sinogen II and normal pepsinogen I level have gastritis without
atrophic change and are eligible for H. pylori eradication. As
successful eradication leads to regression of gastritis, the level
of pepsinogen II decreases to normal level after eradication.”
With the measurement of pepsinogen II in serum, it is possible
to screen subjects with gastritis in the population as well as to
evaluate the success of H. pylori eradication in terms of the
decrease of serum level after therapy. The measurement of an-
tibody to H. pylori is for additional confirmation that increased
serum pepsinogen II level is due to the presence of infection.
The normal serum pepsinogen II level together with lack of H.
pylori antibody in serum is a sign of the presence of normal
gastric mucosa and lack of advanced atrophic gastritis. In this
case, no H. pylori eradication is necessary.

Screening can be started at the age of 30 years, at which atro-
phic gastritis can hardly be present. In case of positive serology
for H. pylori antibody by high serum pepsinogen II level, the
prophylactic eradication of H. pylori can be performed. In case



of normal pepsinogen II, the examination can be repeated at 5
year intervals, as the progression of gastritis to atrophic gas-
tritis cannot occur over a few years.”! At the age of 40 years,
when pepsinogen II increases, the measurement of pepsinogen
I should be additionally performed. In case of normal serum
pepsinogen I and increased pepsinogen II, the eradication of H.
pylori will be performed. When pepsinogen I is decreased and
the ratio of pepsinogen I to pepsinogen II is low (< 5), atrophic
gastritis in the corpus is probable. At this time period, in addi-
tion to H. pylori eradication, endoscopy should be performed
to evaluate the extent and severity of precancerous lesions and
to exclude dys- or neoplasia. Further work-up and follow-up of
patients depend on the histologic findings and the severity of
atrophic gastritis in the the corpus.”? For individuals with a nor-
mal level of pepsinogen II, further control examination should
be performed at 5-year intervals up to higher age by following
the procedure outlined here (see Figure 1).

This strategy will remarkably reduce the number of endo-
scopic examinations and the costs of all prevention procedures
for gastric cancer. The validity of this plan has to be proven
in prospective population-based trials for prevention of gastric
cancer.

In conclusion, various factors appear to feature in the devel-
opment of gastric cancer. Chronic infection induced by Heli-
cobacter pylori is the beginning of the process, to which vari-
ous environmental factors like smoking habit, a salty diet with
little intake of vegetable and fruits might contribute over long
decades to the change of gastric mucosa to precancerous le-
sions and the development of gastric neoplasia. The prevention
of gastric cancer could be achieved through eradication of H.
pylori at younger age before the development of atrophy and
intestinal metaplasia in the corpus occurs. Increased serum pep-
sinogen II might be a marker of H. pylori-induced gastritis for
selection of individuals at high risk of gastric cancer.
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