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Degree of Gastric Mucosal Atrophy Correlated Well with
Gastric Cancer Occurrence in Patients
with Helicobacter pylori-eradicated Status

Kyoichi Adachi', Kanako Kishi', Utae Sakamoto', Norihisa Ishimura® and Shunji Ishihara’

Abstract:

Objective This study was performed to clarify the association of the degree of gastric mucosal atrophy
(GMA) with the occurrence of gastric cancer in patients with Helicobacter pylori-eradicated status.

Methods The subjects were 3,058 patients (2,035 men, 1,023 women; mean age 57.9 + 9.5 years old) with
H. pylori eradication who underwent esophago-gastroduodenal endoscopy examinations as part of medical
checkups conducted between April 2013 and March 2022. The gender, age at eradication, time since eradica-
tion, usage of anti-secretory drugs, degree of endoscopic GMA, and the fundic gland polyp (FGP) prevalence
were compared between subjects with and without gastric cancer occurrence.

Results Gastric cancer was newly detected in 26 subjects (0.85%) during the study period, with an older
age at H. pylori eradication and severe grade of endoscopic GMA being significant risk factors for its occur-
rence. The gender, smoking history, and usage of anti-secretory drugs were not significantly different between
subjects with and without gastric cancer occurrence. A Cox regression analysis showed that an older age at
eradication and the degree of GMA were risk factors significantly related to occurrence. Furthermore, the de-
gree of GMA was inversely correlated with FGP development, and gastric cancer was not detected in 467
subjects with FGP prevalence.

Conclusion An older age at the time of H. pylori eradication and the degree of GMA are significant risk
factors for gastric cancer occurrence in H. pylori-eradicated patients. The FGP prevalence in subjects with H.
pylori eradication was inversely associated with GMA, suggesting it was negatively related with gastric can-
cer occurrence.
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crease in number of patients undergoing associated treat-

Introduction

Gastric cancer is a life-threatening malignancy seen
worldwide. A close association between its development and
Helicobacter pylori infection has been repeatedly demon-
strated, with H. pylori eradication recognized to effectively
decrease gastric cancer occurrence (1-6). The national health
insurance system of Japan began coverage for H. pylori
eradication therapy to treat H. pylori-associated chronic gas-
tritis in February 2013 (7), which has resulted in a rapid in-

ments since that time. Therefore, the occurrence of gastric
cancer following H. pylori eradication is an important issue
for clinicians who perform esophagogastroduodenoscopy
(EGD) examinations.

The development of gastric cancer after successful eradi-
cation has been reported to be influenced by several factors,
such as the age, time since eradication, smoking history,
proton pump inhibitor (PPI) usage, and degree of gastric
mucosal atrophy (GMA) (4-6, 8-10).

The present study was conducted to clarify significant risk
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Figure 1.

Selection of study subjects. *The present study analyzed EGD findings at the time of the

diagnosis of gastric cancer (GC) in subjects with GC or the most recent EGD findings in those without

GC.

factors related to the occurrence of gastric cancer in H.
pylori-eradicated patients who underwent EGD examinations
as part of their annual checkups. In addition, the fundic
gland polyp (FGP) prevalence in H. pylori-eradicated cases
was also investigated to elucidate its association with the de-
gree of GMA and gastric cancer occurrence, since the FGP
prevalence was recently found to be increased in association
with a longer time since eradication (11).

Materials and Methods

The subjects were selected from individuals who visited
the Health Center of Shimane Environment and Health Pub-
lic Corporation for a detailed medical checkup between
April 2013 and March 2022, the majority of whom were so-
cially active and productive and considered to be socio-
economically middle class. A total of 41,715 EGD examina-
tions were conducted during the study period, and an accu-
rate medical history concerning the status of H. pylori infec-
tion (negative, positive, post-eradication) was obtained in an
interview with each individual conducted by a public health
nurse. Subjects who had undergone therapy without success-
ful eradication were not included in the post-eradication
group. When eradication therapy could not be confirmed as
successful, the individual was recommended to undergo an
H. pylori stool antigen test at our institution. Successful
eradication was confirmed in all subjects based on endo-
scopic findings, such as absence of sticky mucous, diffuse
or spotty redness and enlarged folds, or the appearance of
map-like redness, black spots, or multiple white flat elevated
lesions (12-16).

A total of 11,359 EGD examinations were performed for
patients confirmed to have successful eradication of H. py-
lori. Regular usage of a PPI or H2 receptor antagonist (H2
RA) at the time of EGD was also determined by an inter-

view, although details related to the duration or dosage of
anti-secretory drugs were not obtained.

In patients with gastric cancer occurrence, an EGD ex-
amination was performed at the time of the diagnosis to de-
termine the duration between gastric cancer occurrence and
H. pylori eradication. For those not diagnosed during the
study period, the most recent EGD findings were used. Pa-
tients with a history of gastric surgery or endoscopic treat-
ment for gastric cancer were excluded from the present
analysis, as were those whose timing of H. pylori eradica-
tion could not be determined. Therefore, EGD results for a
total of 3,058 patients with H. pylori-eradicated status
(2,035 men, 1,023 women; mean age 57.9+9.5 years old)
were analyzed (Fig. 1).

All EGD examinations were performed by experienced li-
censed endoscopists using an EG-L580NW endoscope (Fuji-
film, Tokyo, Japan). GMA was evaluated based on endo-
scopic findings using the classification of Kimura and
Takemoto, with GMA classified into six groups (Cl1, C2,
C3, 01, 02, 03), which has been shown to correlate well
with histological features of atrophy (17). For the present
study, C1-C2 was defined as mild, C3-O1 as moderate, and
02-03 as severe GMA. Three expert endoscopists simulta-
neously reviewed the endoscopic images, with the presence
of FGPs and degree of GMA determined by consensus. The
presence of an FGP was determined based on endoscopic
findings showing a sessile or pedunculated polyp with the
same color as the fundic gland mucosa. Histological exami-
nations for the diagnosis of FGP development were not per-
formed for these patients, as the use of endoscopic findings
allowed us to easily distinguish FGPs from other polyps,
such as foveolar hyperplastic and adenomatous polyps and
protruded-type carcinoma. For the present study, FGP occur-
rence was confirmed when one or more polyps were de-
tected in the fundic area of the stomach.
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Table 1.
without Gastric Cancer.

Characteristics of H. Pylori-eradicated Subjects with and

Gastric cancer occurrence

p value
Positive Negative
Number of subjects 26 3,032
Gender, male/female 13/13 2,022/1,010 0.073
Age, years 63.8+8.9 57.949.5 0.002
Age at eradication, years 56.0+10.0 50.6x10.1 0.004
Duration after eradication, years 7.3+5.9 7.3+5.4 0.808
Smoking history 17 (65.3) 1,569 (51.7) 0.082
Anti-secretory drug usage 3(11.5) 239 (7.9) 0.419
PPI usage 3(11.5) 203 (6.7) 0.327
Gastric mucosal atrophy* 0.001
Mild 7(26.9) 1,635 (53.9)
Moderate 11 (42.3) 1,079 (35.6)
Severe 8 (30.8) 318 (10.5)
Fundic gland polyp, positive/negative 0/26 467/2,565 0.030

Data are expressed as the mean+SD or number of subjects. Values in parentheses indicate

percentage. Age at eradication: age at confirmation of successful eradication of H. pylori

infection. Duration after eradication: duration after successful eradication of H. pylori.

Anti-secretory drug usage: regular usage of proton pump inhibitor (PPI) or H2 receptor

antagonist (H2RA) noted at esophago-gastrointestinal endoscopic examination.

*The degree of gastric mucosal atrophy (GMA) was endoscopically evaluated using the

classification of Kimura and Takemoto, with C1-C2 indicating mild, C3-O1 moderate,

and O2-03 severe GMA.

Statistical analyses were performed using a chi-squared
test, Fisher’s exact probability test, and Mann-Whitney U
test. The Kaplan-Meier method and a log-rank test were em-
ployed to analyze the time-course occurrence of gastric can-
cer after H. pylori eradication. A Cox regression analysis
was also used to determine significant risk factors for the
occurrence of gastric cancer after adjusting for co-founding
factors. All calculations were performed using the StatView
5.0 software program for Macintosh (Abacus Concepts, Ber-
keley, USA), with a p level <0.05 considered to indicate sta-
tistical significance.

This study was performed in accordance with the Decla-
ration of Helsinki and the protocol was approved by the eth-
ics committee of the Shimane Environment and Health Pub-
lic Corporation. Written informed consent indicating that the
obtained clinical data would be used for a study without the
release of individual information was received from all sub-
jects before the medical checkups were performed. In addi-
tion, each study subject was allowed to opt out of this retro-
spective investigation at any time by informing the manager
of the study.

Results

Gastric cancer was diagnosed based on endoscopy find-
ings in 26 (0.85%) of the 3,058 enrolled subjects and then
confirmed by histological examinations of endoscopically bi-
opsied and endoscopically or surgically resected specimens.
Two gastric cancer lesions were simultaneously discovered
in one case. The 26 cases diagnosed with gastric cancer

were divided into 17 with intestinal-type lesions and 9 with
diffuse-type lesions, including signet-ring cell carcinoma,
based on Lauren’s criteria (18).

The characteristics of subjects with and without gastric
cancer occurrence are shown in Table 1. The age at the time
of the diagnosis of gastric cancer and H. pylori eradication
was significantly older in those with gastric cancer occur-
rence than in those without it, while there was no significant
difference in the time since H. pylori eradication between
the groups. The gender, smoking history, and usage of anti-
secretory drugs were not markedly different between those
with and without gastric cancer occurrence. Furthermore,
gastric cancer was not observed in subjects with H2RA ad-
ministration, so a subsequent analysis was performed using
PPI administration as a factor. The percentage value for en-
doscopically determined degree of GMA was higher in cases
with gastric cancer occurrence than in those without it.
FGPs were observed in 467 (15.3%) of the present subjects,
none of whom had gastric cancer occurrence.

A Cox regression analysis revealed the age at eradication
and degree of GMA to be significant risk factors for occur-
rence of gastric cancer (Table 2). The risk of FGP preva-
lence could not be calculated using a Cox regression analy-
sis, since gastric cancer was not observed in subjects with
FGP. Results obtained with the Kaplan-Meier method re-
garding the time-course occurrence of gastric cancer in those
with different degrees of GMA status are presented in
Fig. 2. Log-rank test results showed significant differences
among subjects with different degrees of GMA. The time-
course occurrence of gastric cancer determined by the
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Table 2. Cox’s Proportional Hazards Regression Analysis
for Occurrence of Gastric Cancer

Risk ratio 95%Cl1 p value
Gender (male) 0.430 0.155-1.193 0.105
Age at eradication 1.089 1.039-1.141  <0.001
Smoking history 0.595 0.206-1.717 0.337
PPI usage 1.329 0.393-4.496 0.647
Gastric mucosal atrophy*
Moderate 2.123 0.812-5.554 0.125
Severe 4.266 1.436-12.669  0.009

*The degree of gastric mucosal atrophy (GMA) was endoscopically evalu-
ated using the classification of Kimura and Takemoto, with C1-C2 indicat-
ing mild, C3-O1 moderate, and O2-O3 severe GMA. Risk ratio was calcu-
lated by comparison with mild GMA.
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Figure 3. Results of the Kaplan-Meier analysis of the time-
course occurrence of gastric cancer in subjects with and with-
out FGP occurrence.

Kaplan-Meier method in subjects with and without FGP
prevalence is presented in Fig. 3. Statistical analyses such as
a log-rank test to compare subjects with and without FGPs
could not be performed, as gastric cancer occurrence was
not observed in any of the subjects with FGPs.

An analysis performed after dividing post-H. pylori-
eradicated subjects by the degree of GMA showed that gas-
tric cancer occurrence was more frequently observed in
those with a higher degree of GMA than in those with a
lower degree (p=0.001). The rates of prevalence of FGP in
subjects with mild, moderate, and severe GMA were 20.8%,
11.0%, and 1.5%, respectively (p<0.001) (Table 3). In addi-
tion, FGP was more frequently observed in subjects with
PPI administration than in those without it (35.4% vs.
13.8%). Among the mild, moderate, and severe GMA cases,
FGP prevalence in those with and without PPI administra-
tion was 44.3% and 18.9% (p<0.001), 29.0% and 9.9% (p<
0.001), and 4.5% and 1.3% (p=0.296), respectively.
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Figure 2. Results of the Kaplan-Meier analysis of the time-
course occurrence of gastric cancer in subjects with different
degrees of gastric mucosal atrophy (GMA). The degree of
GMA was endoscopically evaluated using the classification of
Kimura and Takemoto, with C1-C2 indicating mild, C3-O1
moderate, and 02-03 severe GMA. p values for log-rank tests
of mild vs. moderate, mild vs. moderate, and mild vs. moder-
ate/severe GMA were 0.028, <0.001, and 0.027, respectively.

Discussion

H. pylori eradication therapy is widely performed around
the world to prevent several different types of gastroduode-
nal diseases, such as gastric cancer. However, successful
eradication does not completely prevent gastric cancer oc-
currence, and the clarification of related risk factors in eradi-
cated cases is clinically important for examiners using EGD.
In previous investigations, several factors, such as an older
age, smoking history, long-term usage of a PPI, and more
severe GMA, have been demonstrated to be related to occur-
rence of gastric cancer (8-10). The results of the present
study of H. pylori-eradicated patients who underwent EGD
as part of an annual checkup showed that a smoking history
and anti-secretory usage were not significant risk factors,
whereas an older age at the time of H. pylori eradication
and higher degree of GMA were demonstrated to be signifi-
cant risk factors for gastric cancer occurrence.

The accumulation of DNA methylation in gastric mucosa
due to continuous H. pylori infection has been demonstrated
to be associated with gastric cancer development, and eradi-
cation of such an infection can result in a decreased gastric
mucosal methylation level (8, 19-22). H. pylori infection
generally occurs during childhood, and long-term persistent
infection can cause a high degree of GMA (7), while an
older age at the time of H. pylori eradication and high de-
gree of GMA are associated with the duration of infection.
Therefore, these factors are considered to be related to the
degree DNA methylation of gastric mucosa in H. pylori-
eradicated patients who later develop gastric cancer.

In the present study, FGP prevalence was noted in 15.3%
of the subjects with H. pylori-eradicated status. The degree
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Table 3. Association of Degree of Gastric Mucosal Atrophy with
Presence of Gastric Cancer and Fundic Gland Polyp.

Gastric mucosal atrophy*

Mild Moderate Severe p value
(n=1,642) (n=1,090) (n=326)
Gastric cancer 0.001
Positive 7(0.4) 11 (1.0) 8(2.5)
Negative 1,635 (99.6) 1,079 (99.0) 342 (97.5)
Fundic gland polyp <0.001
Positive 342 (20.8) 120 (11.0) 5(1.5)
Negative 1,300 (79.1) 970 (89.0) 321 (98.5)

Data are expressed as number of subjects. Values in parentheses indicate percentage.

*The degree of gastric mucosal atrophy (GMA) was endoscopically evaluated using

the classification of Kimura and Takemoto, with C1-C2 indicating mild, C3-O1 mod-

erate, and O2-03 severe GMA.

of GMA was inversely correlated with the prevalence of
FGP, and the prevalence of FGP in subjects with PPI ad-
ministration was significantly higher than in those without
it. Findings showing FGP prevalence in H. pylori-eradicated
subjects were also presented in a previous study (11). In the
present study, gastric cancer occurrence was not observed in
H. pylori-eradicated cases with FGPs. This inverse relation-
ship between FGP prevalence and the degree of GMA is
thought to be closely associated with the absence of gastric
cancer in H. pylori-eradicated patients with FGPs.

Several limitations associated with the present study war-
rant mention. This study was not performed in a prospective
manner, as the investigation was conducted in a cross-
sectional manner. The determination of H. pylori eradicated
status was based on the medical history obtained by an in-
terview as well as several endoscopic examinations showing
H. pylori-positive and H. pylori-negative findings in the gas-
tric mucosa. Therefore, there may have been H. pylori-
positive patients among the study subjects, although an H.
pylori stool antigen test was performed for those without
confirmation of successful eradication. In addition, details
related to the duration or dosage of PPI, which may influ-
ence the development of not only FGPs and but also gastric
cancer, were not examined. Furthermore, this study was per-
formed in a single medical center. Long-term large-scale
multicenter studies are needed to confirm the factors related
to gastric cancer occurrence, especially the negative associa-
tion between FGP prevalence and gastric cancer occurrence
noted in the present subjects who had undergone H. pylori
eradication.

In conclusion, the results of this study revealed that an
older age at eradication and the degree of GMA were sig-
nificant risk factors for gastric cancer occurrence in patients
with H. pylori-eradicated status. FGP prevalence in H.
pylori-eradicated cases was inversely associated with GMA
and suggested to be negatively related to the occurrence of
gastric cancer.
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