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Although the concern for gastric cancer prevention has increased, gastric cancer has remained
a heavy burden worldwide and is not just a local issue in East Asian countries. However, as
several screening programs (listed below) have shown some success, it is important to determine whether the situation is changing in some other countries and whether similar methods
should be recommended. Endoscopic screening has been performed as a national program
in South Korea and Japan, and the results have shown a reduction in gastric cancer mortality.
Although the efficacy of Helicobacter pylori eradication has been established, the efficacy of the
screen-and-treat strategy is presently being evaluated in randomized controlled trials. The serum
pepsinogen test and endoscopic examination can divide high-risk subjects with severe gastric
atrophy from average-risk subjects. Risk stratification is anticipated to contribute to an efficient
method of prediction of gastric cancer development when combined with endoscopic screening.
Countries with a high incidence rate should realize the immediate need to reduce gastric cancer
death directly by endoscopic screening and should recognize screen-and-treat as a second option to reduce future risk. However, all forms of gastric cancer prevention programs have some
harms and potential to increase unnecessary examinations. A balance of the benefits and harms
should be always considered. Although further study is needed to obtain sufficient evidence for
gastric cancer prevention, the best available method should be examined in the context of each
country. (Gut Liver, Published online March 22, 2022)
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INTRODUCTION
The burden of gastric cancer cannot be ignored worldwide as it is the fourth leading cause of cancer deaths
worldwide at 768,793 in 2020.1 Gastric cancer has remained a heavy burden in East Asian countries. Although
the age-standardized rates by the world population are 11.1
per 100,000 for incidence and 7.7 per 100,000 for mortality, the rates in East Asian countries are 22.4 per 100,000
and 14.6 per 100,000, respectively (Table 1).1 In addition to
East Asian countries, a high incidence has been observed
in Eastern European and South American countries. Although the incidence of gastric cancer is not high among
non-Hispanic Whites in the United States, a high incidence

has also been reported in Asian immigrants, particularly in
South Korean and Japanese Americans.2,3 Regardless of the
heavy burden being experienced in several countries and
specific races, a coherent prevention program for gastric
cancer has not yet been established. Recent advances have
suggested new strategies for gastric cancer prevention and
the potential to apply these strategies in countries outside
of East Asia.4 These strategies include endoscopic screening, screen-and-treat, and risk stratification for gastric
cancer development. Risk stratification can identify highrisk groups and provide intensive screening and priority
of diagnostic examinations. It has already been adopted
for human papillomavirus testing results in cervical cancer
screening and hemoglobin concentration of fecal occult
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Table 1. Age-Standardized Incidence and Mortality by World Population
Area
Eastern Asia
China
South Korea
Japan
Central and Eastern Europe
World
South America
Western Asia
Polynesia
Southern Europe
Melanesia
Caribbean
Central America
Western Europe
Micronesia
South-Central Asia
South-Eastern Asia
Australia and New Zealand
Northern Europe
Northern Africa
Northern America
Eastern Africa
Western Africa
Southern Africa
Middle Africa

Incidence, per 100,000

Incidence/mortality, per 100,000

Men

Women

Incidence

Mortality

32.5
29.5
39.7
48.1
17.4
15.8
12.1
11.4
11.1
10.2
9.9
9.0
8.7
8.2
7.7
7.4
7.3
6.4
6.2
5.4
5.4
4.9
4.8
4.7
4.5

13.2
12.3
17.6
17.3
7.1
7.0
6.1
6.1
6.7
5.0
6.2
5.0
6.1
3.8
3.9
3.7
4.0
2.8
3.1
3.5
3.1
4.2
3.5
2.4
3.8

22.4
20.6
27.9
31.6
11.3
11.1
8.7
8.5
8.6
7.4
7.9
6.9
7.3
5.9
5.8
5.5
5.5
4.5
4.6
4.4
4.2
4.5
4.1
3.3
4.2

14.6
15.9
6.1
8.2
8.3
7.7
6.8
7.1
6.8
4.8
6.3
5.4
5.6
3.3
4.1
4.8
4.5
2.1
2.9
3.6
1.8
4.0
3.7
2.9
3.7

Data from International Agency for Research on Cancer, GLOBOCAN 2020; Stomach.1

blood testing (FOBT) in colorectal cancer screening.5,6
In this review article the lines of evidence of the abovementioned strategies are carefully assessed, particularly the
use of risk stratification in combination with endoscopic
screening as a forthcoming step for gastric cancer prevention.

ENDOSCOPIC SCREENING
Endoscopic screening for gastric cancer has been provided as national programs in South Korea and Japan.7,8 In
Japan, upper gastrointestinal series radiography has also
been implemented for gastric cancer screening.9 Based on
the success of South Korea and Japan in reducing gastric
cancer mortality,10,11 attention to the use of endoscopic
screening has increased in other countries.12 It is anticipated that endoscopic examination will become a common
strategy for gastric cancer screening in other countries
besides South Korea and Japan. In some Asian countries,
opportunistic screening and research-based screening have
also been performed.13-17
Two randomized controlled trials (RCTs) have been
continuously conducted, and preliminary results have been
2 www.gutnliver.org

published from China and Japan.18,19 However, the efficacy of
endoscopic screening could not be comprehensively evaluated because of the small number of subjects examined. The
effectiveness of endoscopic screening has been mainly evaluated in cohort and case-control studies published in South
Korea, China, and Japan (Tables 2, 3).20-29 Notably, the incidences of gastric cancer are higher in these countries than
in others found in East Asia (Table 1). The results of observational studies were concordant and suggested reductions
in mortality from gastric cancer. A recent systematic review
and meta-analysis have included the above-mentioned six
cohort studies and four case-control studies published in
East Asian countries.30 The meta-analysis included 342,013
subjects and showed that endoscopic screening was associated with a reduction in mortality from gastric cancer by
40% (relative risk, 0.60, 95% confidence interval [CI], 0.49
to 0.73).
Endoscopic screening has also been reported to have
several harms. These include infection, complications,
false-positive results, and overdiagnosis.31 Both infection
and complications can be managed by the establishment
of a risk management system.32 On the other hand, falsepositive results and overdiagnosis are inherent to the
nature of cancer screening and these can easily increase

Japan

South
Korea

GE: 16,373

Japan

Hamashima
et al.
(2015)25
Hamashima
et al.
(2015)26

Kim et al.
(2018)21

GE: 9,950
UGI: 4,324

Japan

GE
Screened:
4,356
Unscreened:
6,533

Clinic based
UGI: 18,221
Mass survey
UGI: 15,927

GE: 2,192
No UGI/GE
(hospital patients): 9,571

1993–2004

2005

2007–2008

1990–1992

GE
(1996–2003)

GE: 7,178

Hosokawa
et al.
(2008)24

UGI
(1991–1995)

1989–1994

Recruitment
period

UGI: 4,261

Japan

Matsumoto
et al.
(2007)23

GE: 4,394

China

Riecken
et al.
(2002)20

Author (year) Location No. of subjects

GE (mean)
Screened:
58.0±10.3
Unscreened:
57.3±11.7

40–79

40–79

40–75

≥40

35–64

Age at
entry, yr

Table 2. Cohort Study for the Evaluation of Endoscopic Screening

10 (until
December
31, 2013)

6 (until
December
31, 2013)
5

10

10 (1997–
2006)

6 (19901996)

11.5 (until
July 2000)

Follow-up, yr

≥1

≥1
GE: 2.3
UGI: 2.2
≥1

1

≥1

4

Screening
frequency

2

1

1

-

1/2

Irregular (first
cohort: 2/4
second
cohort: 5)

Screening
interval, yr

Never screened

General population
(local city)

UGI

No UGI/GE (hospital
patients)

-

-

Age and sex

Age and sex

GE
HR: 1.21
(0.94–1.54)

-

Age, sex and HR: 0.988
residence
(0.679–1.438)

No

Age

-

Age and sex

General population
(Chinese Cancer
Mortality Survey)
General population
(local town)

GC incidence
risk estimate
(95% CI)

Adjustment

Comparator

GE: SMR
All: 0.43 (0.30–0.57)
Male: 0.49 (0.32–0.66)
Female: 0.31
(0.12–0.54)
UGI: SMR
All: 0.68 (0.55–0.79)
Male: 0.72 (0.56–0.85)
Female: 0.62 (0.39–
0.80)
GE
HR: 0.58 (0.36–0.94)

SMR
All: 1.01 (0.72–1.37)
Male: 1.13 (0.77–1.57)
Female: 0.65 (0.26–
1.32)
UGI: SMR
Male: 1.04 (0.50–1.58)
Female: 1.54 (0.71–
2.38)
GE: SMR
Male 0.71 (0.33–1.10)
Female: 0.62
(0.19–1.05)
GE: RR
All: 0.3465
(0.1396–0.8605)
Male: 0.2174
(0.0676–0.6992)
Female: 0.6835
(0.1595–2.9286)
HR:
0.327 (0.118–0.908)

GC mortality risk
estimate
(95% CI)

Hamashima C: Combining Risk Stratification with Endoscopic Screening for Gastric Cancer

https://doi.org/10.5009/gnl210313 3

4 www.gutnliver.org

South
Korea

UGI: 34,122
GE: 82,653
No screening:
74,927

2004–2013

Recruitment
period

≥40

UGI (mean)
Screened:
58.9±10.2
Unscreened:
57.5±12.7

Age at
entry, yr

5

Follow-up, yr

≥1

Screening
frequency

2

Screening
interval, yr

Never screened

Comparator

Age, sex,
period, and
treatment

Adjustment

South Korea

Jun et al. (2017)29
Control: 217,672

Case: 13
Control: 130
Case: 313
Control: 1,876
Case: 54,418

Control: 2,292

Case: 410

No. of subjects

≥40

40–69

54–91

40–79

Age at GC diagnosis of case
subjects, yr

GC, gastric cancer; CI, confidence interval; GE, gastrointestinal endoscopy; UGI, upper gastrointestinal series.

China

Japan

Japan

Location

Chen et al. (2016)17

Matsumoto et al. (2013)

28

Hamashima et al. (2013)27

Author (year)

Table 3. Case-Control Study for the Evaluation of Endoscopic Screening

≥1

≥1

≥1

≥1

Screening
frequency

Never screened

Never screened

Never screened

Never screened

Comparator

GE: 0.53 (0.51–0.56)
UGI: 0.98 (0.95–1.01)

0.72 (0.54–0.97)

0.206 (0.044–0.965)

Screened within 36 months
0.695 (0.480–0.695)

Odds ratio for GC mortality reduction
(95% CI)

GE
HR: 0.47 (0.46–0.48)

UGI
HR: 0.80 (0.78–0.82)

UGI
HR: 0.91 (0.36–2.33)

UGI
HR: 0.83
(0.52–1.33)

-

GC mortality risk
estimate
(95% CI)

GC incidence
risk estimate
(95% CI)

GC, gastric cancer; CI, confidence interval; GE, gastrointestinal endoscopy; UGI, upper gastrointestinal series; SMR, standardized mortality ratio; RR, relative risk; HR, hazard ratio.

Suh et al.
(2020)22

UGI
Screened:
2,015
Unscreened:
2,758

Author (year) Location No. of subjects

Table 2. Continued
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according to the frequency of endoscopic examination.
Although the specificity of endoscopic screening was over
85% in prevalence and incidence screening, this resulted
from single one-off screenings.33 In endoscopic screening,
false-positive cases included additional biopsy or repeated
examinations. False-positive rates are below 15%, and the
number of subjects is not so significant. However, individuals are required to participate in regular screening, and
lifetime screening numbers are accumulated from multiple
rounds. Hubbard et al. 34 reported that annual colorectal
cancer screening participants’ cumulative false-positive
rate reached 23% and received at least one FOBT during
a 10-year follow-up. There is a considerable possibility of
overdiagnosis in endoscopic screening because endoscopy
can diagnose cancers earlier than radiographic screening.
About twice as many cases of gastric cancer were diagnosed in endoscopic screening compared with expected
numbers.35 This suggests they included 46% of overdiagnosis cases at maximum from the total diagnostic cases of
gastric cancer. Both overdiagnosis and false-positive cases
increase according to increased screening frequency. One
of the solutions to avoid these harms is to define the appropriate screening frequency (Fig. 1). Although a feasible
approach is to define the starting and stopping age, there

is no upper age limit for the national programs in South
Korea and Japan.7,8 Expanding the screening interval is also
helpful in decreasing the screening frequency, but there is a
possibility of increasing interval cancers. Thus, continuous
participation in regular screening is required to maintain
the effectiveness of cancer screening if the screening interval is expanded. The benefits of screening become small
beyond the optimal level of intensity, and harms continue
to grow.36 The balance of benefits and harms should always
be considered to maximize the benefits, but the best available threshold cannot be easily defined.
On the other hand, insufficient resources can be a barrier to endoscopic screening. Although endoscopic examination has become a common strategy worldwide, it
requires a specific technique to ensure safety and accurate
diagnosis. In Japan, endoscopic screening has been adopted as a national program, but most municipal governments
have hesitated to implement it because of insufficient
resources, particularly in rural areas.37 A similar problem
has been discussed for colorectal cancer screening as the
necessity for total colonoscopy is increased for work-up
examinations after FOBT with positive results and surveillance.38-42 When endoscopic screening is introduced as
population-based screening, its implementability context
which includes the medical resources available should be
considered.43

Quality assurance/shared decision making

Increase specificity

Increase screening uptake

Decrease screening frequency

Increase sensitivity

Maximize
benefits

Impact of benefits/harms

True benefits
=benefits-harms

Risk management

Benefits

Harms

Screening frequency/intensity

Fig. 1. Maximizing real benefits of cancer screening. The benefit of
cancer screening increases according to the increase of screening
frequencies/intensities but becomes flattened beyond the optimal
level.36 On the other hand, the harms directly increase according to
the screening frequency. The real benefits lead to the difference between benefits and harms. To maximize the real benefits of screening, quality assurance and shared decision-making should be always
considered. Increasing sensitivity and screening uptake lead to increased benefits until the optimal level is reached. Beyond this level,
risk management, decrease in screening frequency and increase
specificity could be helpful to reduce harms.

SCREEN-AND-TREAT STRATEGY
The screen-and-treat strategy consists of Helicobacter
pylori screening and eradication for individuals with H.
pylori infection. Regarding progression in the evaluation of
the efficacy of H. pylori eradication, the concern of screenand-treat strategy has increased. The International Agency
for Research on Cancer (IARC) has recommended exploring screen-and-treat strategy in countries with high gastric
cancer incidence based on expert opinion.44 In the screenand-treat strategy, H. pylori screening is undertaken first
to detect subjects with H. pylori infection, not gastric cancer, if H. pylori is detected it is subsequently targeted and
eradicated. The efficacy of H. pylori eradication has been
initially evaluated, and the efficacy of the screen-and-treat
strategy is being continuously evaluated in some countries.
1. H. pylori screening
For H. pylori screening, the 13C-urea breath, H. pylori
stool antigen, and serological tests are available.45 Although
the 13C-urea breath test is more accurate, the serological
test is commonly used for screening. The standard cutoff
value is defined as 10.0 U/mL for the serological test, and
https://doi.org/10.5009/gnl210313 5
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it is occasionally used with the serum pepsinogen (PG)
test. When the serological test is used as a screening technique, two functions are required. First, H. pylori screening discriminates subjects with H. pylori infection, which
become the targets for H. pylori eradication. Second, H.
pylori screening is expected as a predictor of gastric cancer. The first role consists of the screen-and-treat strategy,
but the second role is expected to work as another form of
risk stratification. Although H. pylori infection is the main
cause of gastric cancer,46 it is not equal to an appropriate
indicator for the prediction of gastric cancer development.
As all subjects with a positive result will not have gastric
cancer in the future, all subjects infected with H. pylori do
not need treatment. However, H. pylori screening cannot
be predicted correctly because of high sensitivity and low
specificity.47 The estimates of H. pylori testing of prediction
for gastric cancer development showed a sensitivity of 0.87
(95% CI, 0.76 to 0.94) and a specificity of 0.30 (95% CI,
0.23 to 0.49).48 As a result, H. pylori screening may result
in unnecessary treatment after screening. H. pylori eradication has also a potential for producing harms such as the
development of antibiotic resistance, obesity, and increased
risk of gastroesophageal reflux diseases.45,49-52 If H. pylori
infection is identified and eradicated as population program, experiences of harms remain in most people without
gastric cancer.
2. Efficacy of H. pylori eradication
Several RCTs on H. pylori eradication have been carried
out in clinical practice and communities.53-59 Although a
decrease in gastric cancer incidence was not observed by H.
pylori eradication in the Columbian and Chinese study,54,58
most studies confirmed a reduction of gastric cancer. Systematic reviews and meta-analyses reported results which
were consistent with these studies.60-63 A recent meta-analysis has reported the efficacy of H. pylori eradication based
on five population-based and two outpatient-based RCTs.63
Of 7,303 adults included in seven RCTs, 138 cases of gastric cancers were observed. H. pylori eradication prevented
35% of the gastric cancer incidence (hazard ratio [HR],
0.65; 95% CI, 0.41 to 1.0). Gastric cancer mortality was
reduced by 41% through H. pylori eradication, although
the result was not significant (HR, 0.59; 95% CI, 0.25
to 1.20). The all-cause mortality was also identified and
showed a decreasing trend in five community-based RCTs
(HR, 0.97; 95% CI, 0.69 to 1.28). Chen et al. 62 focused on
the background of the subjects. Although the incidence of
gastric cancer did not decrease in subjects with intestinal
metaplasia by H. pylori eradication, a decreased incidence
of gastric cancer was confirmed in subjects with normal,
non-atrophic, and atrophic gastritis (relative risk, 0.25; 95%
6 www.gutnliver.org

CI, 0.08 to 0.81). Although sufficient evidence was not obtained because of the small sample size in the sub-analysis,
it suggested critical results since the latter subjects consist
of the screening population with mixed background risks.
3. Evaluation of screen-and-treat strategy
In the local islands of Taiwan with a high incidence of
gastric cancer, a successful reduction in the gastric cancer incidence by screen-and-treat was reported.64 After
performing the 13C-urea breath test, H. pylori eradication
was conducted in patients with H. pylori infection. After
six rounds of screen-and-treat, a coverage rate of 85.5%
(6,512/7,616) for the targeted inhabitants in these local islands was achieved. With 15 years of follow-up, the gastric
cancer incidence and mortality rates were reduced by 53%
(95% CI, 30% to 69%) and 25% (95% CI, –14% to 51%),
respectively, compared with a historical cohort without
intervention.
To further confirm the efficacy of the screen-and-treat
strategy, three community-based RCTs have been conducted in Taiwan, Latvia, and the United Kingdom (Table
4).65-67 The gastric cancer incidences were lower in these
study areas than in East Asian countries which have high
incidences. Although some variabilities in the H. pylori testing regimens were present among the studies from Taiwan,
Latvia, and the United Kingdom, the regimens basically followed the standard treatment. The comparators were subjects who were offered the standard care in all the studies as
they have no screening programs and surveillance in those
areas. Gastric cancer incidence was the primary outcome in
three RCTs, and gastric cancer mortality was also included
as a secondary outcome. In the study conducted in Latvia,
30,000 individuals aged 40 to 64 years were recruited and
then randomly allocated to the intervention and control
groups.65 The control group received the usual care, whereas the intervention group received the H. pylori infection
and serum PG tests. H. pylori eradication is usually offered
to subjects who test positive for H. pylori infection, with a
follow-up period of 15 years. In Taiwan, an RCT has been
conducted based on colorectal cancer screening with fecal
immunological testing (FIT).66 A total of 63,508 individuals
were randomly allocated to the H. pylori stool antigen with
FIT arm, and 88,995 were allocated to the FIT arm. At baseline, the incidences of colorectal and gastric cancers showed
no significant differences between the two arms. Followup to assess gastric cancer mortality and incidence will be
continued for 10 years. At present, an H. pylori screening
study is being performed in the United Kingdom, and recruitment has been completed.67 If these results confirm the
efficacy of screen-and-treat, it could be adopted to be one
of the strategies for cancer control based on their evidence.

30,000
On-going
15 Years
Gastric cancer mortality

Number invited

Recruitments
Follow-up
Primary outcome

PG, pepsinogen; FIT, fecal immunological testing.

Usual care (no screening)
40–64 Years

Comparator
Target age

H. pylori antibody + PG
Esomeprazole 40 mg
Clarithromycin 500 mg
Amoxicillin 1,000 mg
(twice/day for 10 days)

NCT02047994
Protocol (Leja et al. , 2017)65
Latvia/Russia/Belarus/Ukraine
Lavita
Men: 18.6
Women: 7.8
Healthy population

Trial No.
Publication
Country
Age standardized incidence, per 100,000

Subjects
Intervention
Serological testing
Treatment regime (first line)

GISTAR Study

Study

Table 4. Randomized, Controlled Trials for the Screen-and-Treat Strategy

Intervention arm 63,508
Control arm 88,995
Completed
10 Years
Gastric cancer incidence

H. pylori stool antigen + FIT
Days 1–5
Esomeprazole 40 mg once/day
Clarithromycin 500 mg twice/day
Days 6–10
Esomeprazole 40 mg once/day
Clarithromycin 500 mg twice/day
Metronidazole 500 mg twice/day
Usual care (no screening + FIT)
50–69 Years

Healthy population

NCT01741363
Baseline results (Lee et al. , 2021)66
Taiwan
Men: 10.6
Women: 6.6

Taiwan

Completed
15 Years
Gastric cancer incidence/gastric cancer mortality

Usual care (no screening)
Men: 35–69 years
Women: 45–69 years
56,000

H. pylori testing (method unclear)
Oral metronidazole, clarithromycin and
lansoprazole (dose and days were unclear)

Healthy population

ISRCTN71557037
Protocol67
UK
Men: 5.4
Women: 2.7

Helicobacter pylori Screening Study
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RISK STRATIFICATION
The basic concept of risk stratification was considered
based on the natural history of gastric cancer. The serum
PG test and endoscopic examination have been identified
as capable of discriminating the risk of gastric cancer. Although targeting high-risk groups is an attractive method,
an application has not been established.
1. Serum pepsinogen test
The serum PG test has been used for both primary
screening and risk stratification, and there has been an
overlap of their abilities without a clear discrimination.
As primary screening, the sensitivity of the serum PG test
varied from 60% to 85%, but the specificity was reported
as 70% to 82%.68,69 Because of low specificity, the recall
rate exceeded 20% and does not match the basic requirement of primary screening. When it is combined with the
H. pylori antibody, the sensitivity increases but specificity
decreases. As such the failure of a primary screening using the serum PG test has been anticipated as a possible
method of risk stratification.48,70-72 As chronic atrophic
gastritis has been correlated with a stepwise regression in
the serum PG I and PG I/II levels,72-74 the serum PG test
can be used to diagnose chronic atrophic gastritis, which
has the potential to progress to gastric cancer.46 Looking
at a previous systematic review, eight studies were selected
to examine the risk for gastric cancer.48 These studies were
published from Japan, South Korea, and China, and reported gastric cancer incidence rates that varied from 21
to 260 (/100,000 person-years). Although the serum PG
test was used to predict gastric cancer, the testing protocol
and the cutoff values were different among these studies.
The standard criteria (PG I ≤70 and PG I/II ≤3.0, which is
defined as a positive result if it is matched) for the prediction of gastric cancer was mostly used. Cumulative risk
was calculated and compared with subjects having negative
results at an index testing based on 14,343 subjects in the
eight studies. The odds ratio of developing gastric cancer
for the subjects with positive results was 3.5 (95% CI, 2.7
to 4.7). In four studies involving 14,343 subjects, the metaanalysis showed that the subjects with positive results had
a higher risk of developing gastric cancer than the subjects
with negative results (HR, 3.54; 95% CI, 2.68 to 4.68). Even
when the cutoff value was limited to the standard value, a
similar result was obtained (HR, 3.13; 95% CI, 2.27 to 4.32).
Ohata et al. 71 compared the hazard risks for the intestinal
type and diffuse type of gastric cancers. A stepwise increase
was observed in the intestinal type according to the PG I/II
level, whereas no clear change was observed in the diffuse
type.
8 www.gutnliver.org

Yanaoka et al. 72 reported the progression of gastric cancer based on a 10-year follow-up of 5,209 middle aged men
in Japan. The sensitivity and specificity for gastric cancer
prediction were calculated based on the index test results
according to the different criteria of gastric atrophy. When
the standard cutoff value was used, the sensitivity and
specificity regarding the prediction of gastric cancer development was 58.7% (95% CI, 45.6% to 70.8%) and 73.4%
(95% CI, 72.1% to 74.6%), respectively. A stepwise increase
in specificity with a decrease in sensitivity was observed
according to the strict criteria. Terasawa et al. 48 reported
the pooled sensitivity and specificity was 0.57 (95% CI, 0.49
to 0.65) and 0.76 (95% CI, 0.69 to 0.81), respectively based
on the above-mentioned eight studies including 32,766
subjects. Although a combination method of serum PG
test and H. pylori antibody (so called ABC classification)
is the expected approach of the high sensitivity for the discrimination the risk of gastric cancer means, the decrease
of specificity could not be avoided. In the case-control
dataset from a large cohort study, prediction sensitivity
and specificity of serum PG testing were 81.9% and 42.1%,
respectively.47 The sensitivity and specificity of the combination method with the standard cutoff values were 97.2%
and 21.1%, respectively.47 The area under the curve of the
combination method was always lower than that of PG I/
II, even when the cutoff values were changed. However, the
results of the serum PG test are easily affected by proton
inhibitors and non-steroidal anti-inflammatory drugs.75-77
After eradication, most results of the serum PG test
became negative but the results of some PG-positive cases
remained.78 The PG I and PG II levels were changed after
treatment, but the PG I/II level was relatively stable and
remained lower.79 Yanaoka et al. 78 reported the use of the
serum PG test after H. pylori eradication based on a 6-year
follow-up. Although the results of the serum PG testing after H. pylori eradication became negative in most subjects,
extensive chronic gastritis remained in subjects with PGpositive results, suggesting a risk of gastric cancer. When
the cutoff value was changed, the high-risk group could be
divided by PG I/II and the accuracy of the serum PG test
was moderate (sensitivity, 65.9%; specificity, 79.3%).80 On
the other hand, the Taiwan study reported that the level of
PG I/II increased and moderately predicted gastric cancer
development after the H. pylori eradication.81 Although
there are some limitations in the use of the serum PG test,
it might be a useful indicator of the risk for gastric cancer
after H. pylori eradication.
2. Endoscopic screening
Chronic atrophic gastritis is a significant risk factor of
gastric cancer,82-86 and it can be diagnosed by endoscopic

Hamashima C: Combining Risk Stratification with Endoscopic Screening for Gastric Cancer

examination. The Kimura and Takemoto classification of
gastritis has commonly been used in clinical practice in
Japan.87 The diagnosis of H. pylori infection and the category of gastric atrophy have been disseminated since the
publication of the Kyoto global consensus report.88 Risk
stratification of gastric atrophy could be easily applied in
endoscopic screening. On the other hand, according to the
dissemination of H. pylori eradication, subjects can be included after the treatment in endoscopic screening. Gastric
cancer risk remained in chronic atrophic gastritis and intestinal metaplasia after completing eradication.78,89-91 In addition, there is another potential to develop gastric cancers
in the non-atrophic area even if eradication is successful.81
Endoscopic screening will involve subjects with various
background risks for gastric cancer, including individuals
after eradication.
The Japanese study reported the results of risk stratification based on the endoscopic screening.92 The subjects
were divided into the three types of gastric mucosa based
on the Kimura and Takemoto classification; absence and
slight atrophy (C1), medium atrophy (C2 and C3), and
severe atrophy (O-1, O-2, and O-3). The distribution of
the results was 44.4% for slight atrophy, 28.6% for medium
atrophy, and 27.1% for severe atrophy. Annual progression
rates depended on the severity, which was 0.10%, 0.16%,
and 0.31%, respectively. The results suggested the possibility of adopting risk stratification using graded atrophy by
endoscopic examination in population-based screening.
A recent study examining the expansion of the screening
interval has been started in Japan, which has taken into
consideration the background risk.93 At the index screening, individual risks are divided into high-risk and low-risk
groups based on the results of endoscopic diagnosis. The
screening intervals were arranged by their risks and can
be expanded for low-risk group. Risk stratification will be
helpful in decreasing individual lifetime frequencies and
harms of endoscopic screening for gastric cancer. It is also
useful for promoting the efficient use of limited resources
at the population level.

DISCUSSION
Although gastric cancer is still a heavy burden worldwide, the recent advance of technology has provided several options, including endoscopic screening and screenand-treat strategy. When we consider the introduction
of gastric cancer prevention, present and future burdens
should be divided for priority setting in limited resources.
Although the IARC recommended the screen-and-treat
strategy in high-incidence countries,44 there is a time

lag in reducing mortality after decreased gastric cancer
incidence. The prevalence of H. pylori infection has reduced mainly in developed countries, and it is expected
to reduce incidence of gastric cancer in the future.94 In
countries with high incidence of gastric cancer, reducing
the present burden of gastric cancer death is a matter of
prior, and endoscopic screening can be a good solution.
On the other hand, the prevalence of H. Pylori infection
has been high, investing in the future is required to reduce
gastric cancer incidence. Although the screen-and-treat
strategy is expected to reduce the future incidence of gastric cancer, it is not helpful in reducing present mortality
from gastric cancer. A marked reduction in the substantial
burden from gastric cancer is usually expected in highincidence countries when cancer screening is introduced.
The Japanese setting is a good example to consider priority
setting of gastric cancer prevention. The prevalence of H.
Pylori infection in Japan is predicted to fall below 10% in
subjects born in 2000.95 However, the incidence of gastric
cancer is still high, and the number of deaths from gastric
cancer reached 42,931 in 2019.96 Mortality reduction from
gastric cancer is still needed, and gastric cancer screening
still retains a significant role in cancer control. In Japan,
H. pylori eradication is covered by national health insurance, individuals with H. pylori infection can be treated in
clinical practice. Population program for screen-and-treat
is the second option and depends on limited resources.
Since the final goals are different between screen-and-treat
strategy and endoscopic screening, a population program
should be required to perform a shared role. Compatible
population programs with endoscopic screening for the
older people and screen-and-treat for the younger people
might be available if there are enough resources. Based
on the prediction of H. pylori infection and incidence of
gastric cancer, assessment of the appropriate target population should also be considered from a balance of benefits,
harms, and resources in each country.
Although endoscopic screening is established based on
the traditional concept of cancer screening, combining it
with risk stratification might be an efficient way. There is
a possibility to include various individuals with different
levels of gastric cancer risk (Fig. 2). Individuals with H. pylori infection have gastric cancer risk, and the level of risk
increases according to the severity of gastric atrophy.78,81
Even if they receive H. pylori eradication, their risk remains.78,89-91 They are often involved in screening programs
if surveillance after H. pylori eradication has not been
established. Although the actual target of gastric cancer
screening is the average risk population, there are no universal thresholds targeting individuals for gastric cancer
screening. The threshold depends on many factors, includhttps://doi.org/10.5009/gnl210313 9
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Short
interval
High-risk group
(atrophy)

Primary screening

Risk of advanced cancer

Early cancer
(carcinoma in situ)

Medium-risk group
(HP infection)

Low-risk group
(no infection)

Long
interval
No treatment

HP eradication

ESD

Intervention (management strategy)

Fig. 2. Risk-stratified management for gastric cancer. The basic concept of risk-stratified management for gastric cancer is shown. The risk of
gastric cancer is shown on the y-axis with intervention (management strategy) on the x-axis. Clinically relevant strata are shown from average risk
to early cancer. On the population level, the risk of gastric cancer is basically low, and they are the main target population for cancer screening.
However, gastric cancer screening is performed for subjects with various backgrounds. If the background risk is classified, the screening interval
can be changed according to the background risk. Ideally, subjects with a high risk are screened at short intervals and subjects with low risk are
screened at long intervals. However, the risk threshold of individuals for screening may vary between the healthcare systems and disease burden
among countries.
HP, Helicobacter pylori; ESD, endoscopic mucosal resection.

ing the burden of gastric cancer, the healthcare system, and
resources. The serum PG test and endoscopic examination
have made it possible to divide high-risk subjects with severe gastric atrophy from average-risk subjects. Both methods can be used for the risk stratification of gastric cancer
regardless of H. pylori eradication.78,81,90,91 Although serum
PG test has been expected to be used as a primary screening method the low specificity is a barrier. However, it can
be adopted as a triage for background risk for individuals
for endoscopic screening if endoscopic diagnosis is difficult to define the severity of gastric atrophy. There is some
potential for risk stratification using the serum PG test and
endoscopic diagnosis for predicting gastric cancer development. If the background risk can be confirmed by endoscopic examinations, screening intervals could be arranged
based on their risk (Fig. 2). Intensive screening with short
screening intervals is beneficial for the high-risk group to
decrease interval cancers, and the low-risk group can avoid
harm by expanding screening intervals. It can decrease the
frequency of lifetime screening and improve accessibility
in limited resources. Beyond the individual usage of serological testing for risk stratification, combining the basic
concept with established screening methods will also be
useful.
The contexts of gastric cancer vary among countries.
Mainly, the burden of gastric cancer and the availability of
resources usually affect the introduction of a new prevention program. In the countries with established cancer
10 www.gutnliver.org

screening programs, cancer screening in combination
with risk stratification might prove to be a novel and efficient strategy for gastric cancer prevention. When cancer
screening is introduced, we should always consider the
balance of benefits and harms, and several strategies have
been adopted to maximize the real benefits (Fig. 1). Risk
stratification might be helpful to avoid harm decreasing
the screening frequency considering gastric cancer risk.
Since there is no one-size-fits-all solution for gastric cancer
prevention, the IARC has suggested the need to consider
the context of each country.44

CONCLUSIONS
Gastric cancer has remained a heavy burden worldwide. Unfortunately, gastric cancer prevention strategies
have also remained limited. Fortunately, recent advances
have offered new strategies for reducing the burden of
gastric cancer not only in East Asian countries but also in
other countries. Endoscopic screening has been adopted
and performed as a national program in South Korea and
Japan, with promising results of gastric cancer mortality
reduction. The screen-and-treat strategy has also been
expected to reduce the incidence of gastric cancer. As the
natural history of gastric cancer is elucidated, risk stratification is highly anticipated to be a novel approach that can
be used in combination with screening. Risk stratification

Hamashima C: Combining Risk Stratification with Endoscopic Screening for Gastric Cancer

has the potential to be a good management tool to decrease
the harms of cancer screening. The countries with a high
incidence have realized the immediate need to reduce gastric cancer directly and have recognized screen-and-treat
as a second option to reduce future risk. Further study is
needed to obtain sufficient evidence regarding this novel
strategy, emphasizing the best available method should be
examined in the context of each country.
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