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Abstract
Objectives: Gastric cancer can be diagnosed even in patients long after
Helicobacter pylori eradication.Most cases involve intramucosal lesions;how-
ever, some are invasive and require surgery. To clarify appropriate long-term
surveillance methods, this study compared invasive gastric cancer diagnosed
≥10 and <10 years after eradication.
Methods: This retrospective multicenter study included 14 institutions. We
included 377 patients with gastric cancer with submucosal or deep invasion
after surgical or endoscopic resection. Ordered logistic regression analysis
was used to explore the factors contributing to the pathological stage and
histological type.
Results: Invasive gastric cancer was detected in 84 patients (Group L) and
293 patients (Group S) ≥10 and <10 years after H. pylori eradication, respec-
tively.Endoscopic mucosal atrophy at the time of cancer detection was similar
in both groups; 50% of the patients had severe atrophy. Annual endoscopy
correlated with early pathological stage (odds ratio [OR] 0.28, 95% confi-
dence interval [CI] 0.14–0.54, p < 0.001). Group L exhibited an independent
correlation with the advanced pathological stage (OR 2.27, 95% CI 1.06–
4.88, p = 0.035) and the undifferentiated type (OR 2.12, 95% CI 1.16–3.90,
p = 0.015). The pure differentiated type and early pathological stage signifi-
cantly (p = 0.001) correlated with severe mucosal atrophy in Group S but not
in Group L.
Conclusions: Invasive cancers diagnosed ≥10 years after H. pylori eradi-
cation were likely to be more malignant in histological type and pathological
stage. Gastric cancer surveillance should continue regardless of endoscopic
atrophy, particularly ≥10 years after eradication.

KEYWORDS
endoscopic resection, gastric cancer surveillance, mucosal atrophy, pathological stage, undiffer-
entiated type

INTRODUCTION

In 2013, the Japanese National Health Insurance
approved Helicobacter pylori eradication therapy for
H. pylori gastritis.1 Gastric cancer has been diag-
nosed in patients followed up after H. pylori erad-
ication, although H. pylori eradication reduces the
risk.2,3 The incidence of gastric cancers diagnosed
≥10 years after H. pylori eradication has increased
along with the rise in long-term post-eradication
cases.4,5

Small differentiated early-stage carcinomas are more
common in severe mucosal atrophy,3,6 whereas undif-
ferentiated carcinomas are more common in mild or
moderate atrophy cases.5,7 The risk of diffuse-type gas-
tric cancer is reportedly greater in the second decade
of follow-up than in the first decade following H. pylori
eradication.5 Even though gastric cancer diagnosis after
H. pylori eradication takes years, many are differen-
tiated intramucosal carcinomas that can be treated
endoscopically.8,9 However, some lesions are invasive
cancer and require surgery, making them a growing
concern.9–11 No comprehensive studies have examined

invasive gastric cancer after H. pylori eradication12,13;
therefore, its characteristics are unknown. An appro-
priate surveillance method for long-term post-H. pylori
eradication is required.

This multicenter study aimed to clarify the clinical,
endoscopic, and histopathologic characteristics of inva-
sive gastric cancer diagnosed ≥10 years after H. pylori
eradication. We collected cases from participating insti-
tutions and compared them with those of invasive
gastric cancer diagnosed <10 years after H. pylori
eradication.

METHODS

We retrospectively reviewed 377 patients with pri-
mary gastric cancer from 14 Japanese institutions who
met the inclusion criteria between January 2004 and
September 2022. We compared 84 patients with gastric
cancers diagnosed ≥10 years after H. pylori eradica-
tion (Long-term group; Group L) with 293 patients with
gastric cancers diagnosed <10 years after eradication
(Short-term group; Group S).
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Inclusion criteria

1. Surgically or endoscopically resected gastric cancer
with submucosal or deeper histological invasion.

2. Patients with histories of H. pylori eradication.
3. Confirmed negative results for H. pylori infection after

eradication.

Successful H. pylori eradication therapy was
assessed using either the 13C-urea breath test, stool
antigen test, culture, or quantification of anti–H. pylori
Immunoglobulin G levels. Patients with one or more
negative results in any of these assays were classified
as H. pylori–negative. Each institution was confirmed to
be negative for H. pylori according to the criteria of the
respective test method.

Exclusion criteria

1. Patients with an unknown period of eradication of H.
pylori.

2. Patients who have undergone gastrectomy in the
past.

3. Patients with gastroesophageal junction cancer.
4. Patients with gastric adenocarcinoma of fundic gland

type or fundic gland mucosa type.
5. Patients who could not provide informed consent to

participate in this study.

Nineteen patients with an unknown period of H. pylori
eradication (n = 10), gastric adenocarcinoma of fundic
gland type (n = 5), or non-resection, biopsy-based
diagnosis (n = 4) were excluded.

Study variables

Patient data

Age, sex, smoking history, history of gastric or other
cancers, family history of first-degree gastric cancer,
disease eligible for H. pylori eradication therapy, post–
H. pylori eradication period and timing of the last
endoscopy before gastric cancer detection were retro-
spectively recorded. We defined annual endoscopy as
an endoscopic examination performed within 2 years
before the lesion was detected.

Histological assessment

According to the Japanese Classification of Gastric
Carcinoma, gastric cancer size, macroscopic type, his-
tological type, location, invasive depth, lymphovascular
invasion, lymph node metastasis, and distant metasta-
sis were recorded.14 Pathological stage was evaluated
in surgically resected lesions. Each institution per-

formed pathological diagnosis without a central review.
For comparison, the histological type was divided into
(1) pure differentiated, (2) differentiated-predominant
mixed, and (3) undifferentiated (pure undifferentiated or
undifferentiated-predominant mixed).

Endoscopic assessment of mucosal atrophy

The endoscopic grade of gastric mucosal atrophy was
evaluated based on the endoscopic classification sys-
tem described by Kimura and Takemoto15 to classify
cases into three grades: mild (C-1 and C-2), moderate
(C-3 and O-1), and severe (O-2 and O-3). The endo-
scopic assessment was performed at gastric cancer
diagnosis.

Ethics

This study was conducted in accordance with the
Declaration of Helsinki and approved by the ethical
committee of Cancer Institute Hospital, Japanese Foun-
dation for Cancer Research (2021GA1053), and those
of each participating institution. The participants pro-
vided informed consent using the opt-out method.Junko
Fujisaki was the chief investigator, and Ken Namikawa
was in charge of the study secretariat office.The respon-
sible co-investigator at each participating institution
completed the case report forms anonymously and sent
them to the study secretariat office,which then compiled
and analyzed the study data.

Statistical analysis

Continuous and categorical variables were expressed
as medians (ranges) and numbers (percentages),
respectively. Differences in clinicopathological data
between the two groups post-H.pylori eradication period
and the three groups of mucosal atrophy were eval-
uated using the Mann–Whitney U test for continuous
data and the chi-squared test for categorical vari-
ables. Ordered logistic regression analysis was used
to explore the factors contributing to pathological stage
and histological type. Odds ratios and 95% confidence
intervals were determined. All statistical analyses were
performed using SPSS software (v. 27.0; IBM). All
reported p-values are two-sided,with p < 0.05 indicating
significant differences.

RESULTS

Patients’ characteristics

We treated 377 patients with invasive gastric cancer
either endoscopically (n = 38) or surgically (n = 339),
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TABLE 1 Patients’ characteristics.

Overall Group L Group S p-value

Age, years, median (range) 70 (38–94) 72 (49–94) 70 (38–91) 0.017

Sex 0.309

Male 288/377 (76.4%) 68/84 (81.0%) 220/293 (75.0%)

Female 89/377 (23.6%) 16/84 (19.0%) 73/293 (25.0%)

History of smoking 237/377 (62.9%) 54/84 (64.3%) 183/293 (62.5%) 0.799

Past history of GC 74/368 (20.1%) 13/80 (16.3%) 61/288 (21.2%) 0.430

Past history of other cancer 90/367 (24.5%) 23/81 (28.4%) 67/286 (23.4%) 0.381

Family history of GC 98/317 (30.9%) 22/73 (30.1%) 76/244 (31.1%) 1.000

Diseases eligible for eradication <0.001

Gastritis 228/377 (60.5%) 38/84 (45.2%) 190/293 (64.8%)

Gastric ulcer 40/377 (10.6%) 15/84 (17.9%) 25/293 (8.53%)

Duodenal ulcer 6/377 (1.59%) 1/84 (1.19%) 5/293 (1.70%)

EMR/ESD of GC 57/377 (15.1%) 9/84 (10.7%) 48/293 (16.4%)

Others or unknown 46/377 (12.2%) 21/84 (25.0%) 25/293 (8.53%)

Post-eradication period, months Not tested

Median (range) 60 (1–558) 143 (120–528) 49 (1–119)

<12 22/377 (5.83%) 22/293 (7.51%)

12 ≤ X < 60 141/377 (37.4%) 141/293 (48.1%)

60 ≤ X < 120 130/377 (34.5%) 130/293 (44.3%)

120 ≤ X < 180 67/377 (17.8%) 67/84 (79.8%)

180 ≤ X < 240 13/377 (3.45%) 13/84 (15.5%)

240≤ 4/377 (1.06%) 4/84 (4.76%)

Last endoscopy before detection 0.060

≤24 months 186/258 (72.1%) 31/51 (60.8%) 155/207 (74.9%)

24 < X ≤ 48 months 40/258 (15.5%) 9/51 (17.6%) 31/207 (15.0%)

48 months< 32/258 (12.4%) 11/51 (21.6%) 21/207 (10.1%)

Unknown 119/377 (31.6%) 33/84 (39.3%) 86/293 (29.4%) 0.057

Abbreviations: EMR/ESD, endoscopic mucosal resection/endoscopic submucosal dissection; GC, gastric cancer.
Group L, group of invasive gastric cancers diagnosed ≥10 years after H. pylori eradication; Group S, group of invasive gastric cancers diagnosed <10 years after H.
pylori eradication.

including additional surgery after endoscopic resection.
We compared 84 patients with gastric cancers diag-
nosed ≥10 years after H. pylori eradication (Group L)
with 293 patients with gastric cancers diagnosed <10
years after eradication (Group S; Table 1).

The median ages of these patients were Group L:
72 years (49–94 years) and Group S: 70 years (38–91
years). Patients in Group L were significantly older than
those in Group S (p = 0.017). No significant differences
were observed between Groups L and S in terms of sex,
history of smoking, history of gastric or other cancers,
or family history of gastric cancer within first-degree
relatives. The diseases eligible for H. pylori eradication
therapy differed significantly (p < 0.001). In Group S,
65% of the patients were treated for H. pylori gastri-
tis. The median post-H. pylori eradication was Group
L: 143 months (120–528 months), Group S: 49 months
(1–119 months). Annual endoscopy was more common

in Group S (75%) than in Group L (61%), although the
difference was not statistically significant (p = 0.060).

Histopathological findings and
endoscopic mucosal atrophy

Table 2 shows the histopathological findings and endo-
scopic mucosal atrophy. No significant differences were
observed between Groups L and S in terms of size,
macroscopic type, location, and invasion depth. Regard-
ing the histological type, the undifferentiated type was
significantly (p= 0.023) more common in Group L (38%)
than in Group S (23%). No significant differences were
observed between Groups L and S in terms of lympho-
vascular invasion or lymph node metastasis. However,
the incidence of distant metastasis was significantly (p
= 0.031) higher in Group L (6.7%) than in Group S
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TABLE 2 Histopathological findings and endoscopic mucosal atrophy.

Overall Group L Group S p-value

Size, mm (median, range) 24 (3–170) 23 (3–160) 25 (4–170) 0.310

Macroscopic type 0.760

Type 0-I, 0-IIa, 0-IIb 29/377 (7.69%) 8/84 (9.52%) 21/293 (7.17%)

Type 0-IIc, 0-IIa+IIc 282/377 (74.8%) 61/84 (72.6%) 221/293 (75.4%)

Type 1, 2, 3, 4, 5 66/377 (17.5%) 15/84 (17.9%) 51/293 (17.4%)

Location 0.713

Upper 120/377 (31.8%) 28/84 (33.3%) 92/293 (31.4%)

Middle 140/377 (37.1%) 33/84 (39.3%) 107/293 (36.5%)

Lower 117/377 (31.0%) 23/84 (27.4%) 94/293 (32.1%)

Invasive depth 0.256

SM1 137/377 (36.3%) 25/84 (29.8%) 112/293 (38.2%)

SM2 149/377 (39.5%) 34/84 (40.5%) 115/293 (39.2%)

MP or deeper 91/377 (24.1%) 25/84 (29.8%) 66/293 (22.5%)

Histological type 0.023

Pure differentiated 169/377 (44.8%) 29/84 (34.5%) 140/293 (47.8%)

Differentiated-predominant mixed 110/377 (29.2%) 24/84 (28.6%) 86/293 (29.4%)

Undifferentiated 98/377 (26.0%) 31/84 (36.9%) 67/293 (22.9%)

Lymphovascular invasion 186/366 (50.8%) 42/78 (53.8%) 144/288 (50.0%) 0.700

Lymph node metastasis 68/339 (20.1%) 17/75 (22.7%) 51/264 (19.3%) 0.628

Distant metastasis 9/339 (2.65%) 5/75 (6.67%) 4/264 (1.51%) 0.031

Pathological stage 0.060

IA 227/339 (67.0%) 42/75 (56.0%) 185/264 (70.1%)

IB 44/339 (13.0%) 14/75 (18.7%) 30/264 (11.4%)

IIA 17/339 (5.01%) 4/75 (5.33%) 13/264 (4.92%)

IIB 13/339 (3.83%) 4/75 (5.33%) 9/264 (3.41%)

IIIA or IIB or IIIC 29/339 (8.55%) 6/75 (8.00%) 23/264 (8.71%)

IV 9/339 (2.65%) 5/75 (6.67%) 4/264 (1.52%)

Endoscopic mucosal atrophy† 0.608

Mild, C-1, 2 32/377 (8.49%) 9/84 (10.7%) 23/293 (7.84%)

Moderate, C-3, O-1 157/377 (41.6%) 32/84 (38.1%) 125/293 (42.7%)

Severe, O-2, 3 188/377 (49.9%) 43/84 (51.2%) 145/293 (49.5%)

†Kimura-Takemoto classification.
Abbreviations: C, closed; O, open.
Group L, Group of invasive gastric cancers diagnosed ≥10 years after H. pylori eradication; Group S, Group of invasive gastric cancers diagnosed <10 years after H.
pylori eradication; SM1, submucosal invasion <0.5mm; SM2, submucosal invasion ≥0.5mm; MP, muscularis propria.

(1.5%). The pathological stage was more advanced in
Group L than in Group S; however, the difference was
not statistically significant (p = 0.060).

The endoscopic grade of the gastric mucosal atrophy
was similar at gastric cancer detection. Approximately
half of the patients in both groups had severe gastric
atrophy.

Clinical and histological factors
contributing to pathological stage

We analyzed the factors contributing to the patholog-
ical stage of all the reviewed patients (Table 3). Size

and Group L contributed significantly and indepen-
dently to a more advanced pathological stage. Annual
endoscopy and the pure differentiated type signifi-
cantly correlated with a less advanced pathological
stage.

Clinical and endoscopic factors
contributing to histological type

We analyzed the factors contributing to histological
type in all the reviewed patients (Table 4). Older
age, male sex, and severe endoscopic mucosal atro-
phy contributed significantly to the pure differentiated
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TABLE 3 Ordered logistic regression analysis of pathological
stage with clinical and histological factors

OR 95% CI p-Value

Size 1.06 1.04–1.07 <0.001

Pure differentiated type 0.31 0.14–0.69 0.004

Annual endoscopy 0.28 0.14–0.54 <0.001

Endoscopic severe
mucosal atrophy

0.61 0.31–1.20 0.160

Diagnosis ≥10 years after
H. pylori eradication

2.27 1.06–4.88 0.035

Abbreviations: CI, confidence interval; OR, odds ratio.

TABLE 4 Ordered logistic regression analysis of histological
types with clinical and endoscopic factors.

OR 95% CI p-Value

Age 0.96 0.93–0.98 0.003

Male 0.38 0.21–0.69 0.002

Annual endoscopy 0.62 0.36–1.05 0.077

Endoscopic severe
mucosal atrophy

0.53 0.32–0.87 0.013

Diagnosis ≥10 years after
H. pylori eradication

2.12 1.16–3.90 0.015

Abbreviations: CI, confidence interval; OR, odds ratio.

type. Group L exhibited a significant and independent
correlation with the undifferentiated type.

Association of histopathological findings
with endoscopic mucosal atrophy

We compared the endoscopic grade of gastric mucosal
atrophy with histological types and pathological stages
in Groups L and S (Figures 1 and 2). In Group S, the
endoscopic grade of mucosal atrophy significantly cor-
related with the histological type and pathological stage
(p < 0.001 and p = 0.001, respectively). However, these
correlations were not observed in Group L.The pure dif-
ferentiated type was lower in Group L than in Group S,
even with severe mucosal atrophy (Figure 1). Similarly,
there was no evidence of a higher proportion of stage
IA cases with severe or moderate mucosal atrophy in
Group L (Figure 2).

DISCUSSION

This multicenter database analysis revealed the charac-
teristics of patients with invasive gastric cancer after H.
pylori eradication. Endoscopic or histological findings of
early-stage gastric cancer after H. pylori eradication are
becoming clearer with more previous reports.2–9 After
H. pylori eradication, few reports of invasive gastric can-
cer exist,12,13 and its characteristics are unknown. To

our knowledge, this is the first study to compare the
clinicopathological features of invasive gastric cancer
diagnosed ≥10 years after H. pylori eradication with
those detected <10 years after eradication.

Herein,most patients were older men aged ≥70 years
and had moderate to severe degrees of endoscopic
mucosal atrophy, which is consistent with the findings of
previous reports on early-stage gastric cancer after H.
pylori eradication. Mucosal atrophy improves with long-
term follow-up after H. pylori eradication.16,17 However,
at ≥10 years of H.pylori eradication,the degree of endo-
scopic background mucosal atrophy was similar to that
observed <10 years of eradication, showing moderate
to severe atrophy.These prolonged risks,older men,and
endoscopic mucosal atrophy were not reduced by H.
pylori eradication.

A population-based prospective cohort study reported
the highest risk of gastric cancer in patients with both
smoking habits and H. pylori infection.18 However, few
studies have reported an association between smoking
and gastric cancer post-H. pylori eradication cases.19 In
this study, smoking was also strongly associated with
gastric cancer in cases that occurred after H. pylori erad-
ication cases; however, no significant differences were
observed between the status observed ≥10 and that
observed<10 years after eradication.Similarly,no differ-
ences were found in the history of gastric cancer, other
cancers,or family history of gastric cancer.We identified
no promising risk factors predicting cancer development
10 years later.

In this study, the pure differentiated type was more
common in invasive gastric cancer cases diagnosed
<10 years after H. pylori eradication than it was in those
diagnosed ≥10 years after eradication. The pure dif-
ferentiated type was also more common in patients
with severe mucosal atrophy in invasive gastric cancer
diagnosed <10 years after H. pylori eradication than
it was in those diagnosed ≥10 years after eradication
(Figure 1). The pathological stage was also associated
with endoscopic mucosal atrophy. More patients with
severe mucosal atrophy had pathological stage IA in
invasive gastric cancers diagnosed <10 years after H.
pylori eradication than they did in those diagnosed ≥10
years after eradication (Figure 2).

Invasive gastric cancers diagnosed ≥10 years after
H. pylori eradication were more often of the undiffer-
entiated or differentiated-predominant mixed type and
had little association with endoscopic mucosal atro-
phy (Figure 1). The mucosal atrophy did not affect the
pathological stage in invasive gastric cancers diagnosed
after ≥10 years (Figure 2). Long-term post-eradication
increases the risk of undifferentiated or differentiated
mixed-type gastric cancer,which is pathologically staged
as high-grade. No studies have reported a higher fre-
quency of undifferentiated intramucosal carcinomas in
long-term post-eradication patients. Speculations sug-
gest that over the long-term post-eradication period,
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F IGURE 1 Number of patients with invasive gastric cancer classified as mild, moderate, or severe according to the Kimura and Takemoto
classification of endoscopic mucosal atrophy. In Group S, the histological type significantly correlated with the endoscopic grade of mucosal
atrophy (p < 0.001, Chi-squared test). However, these correlations were not observed in Group L. Group L included patients with invasive gastric
cancers diagnosed ≥10 years after Helicobacter pylori (H. pylori) eradication, whereas Group S included patients with invasive gastric cancers
diagnosed <10 years after H. pylori eradication. Pure D, pure differentiated type; D-mix, differentiated-predominant mixed type; Undiff,
undifferentiated type.

F IGURE 2 Number of patients with invasive gastric cancer classified as mild, moderate, or severe according to the Kimura and Takemoto
classification of endoscopic mucosal atrophy. In Group S, the pathological stage significantly correlated with the endoscopic grade of mucosal
atrophy (p = 0.001, Chi-squared test). However, these correlations were not observed in Group L. Group L: Patients with invasive gastric cancers
diagnosed ≥10 years after Helicobacter pylori (H. pylori) eradication; Group S: Patients with invasive gastric cancers diagnosed <10 years after
H. pylori eradication.
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improvement in histological mucosal atrophy may facil-
itate the development of undifferentiated or differen-
tiated mixed-type cancers. This study did not histo-
logically examine mucosal atrophy. However, long-term
follow-up after H.pylori eradication may restore histolog-
ical atrophic changes, even if the endoscopic mucosal
atrophy is severe or moderate. Endoscopic atrophy
improved less than histological atrophy by 36–153
months (mean, 78 months) after H. pylori eradication.20

Similar to this study, another study reported that
patients with mild to moderate gastric atrophy were at
an increased risk of developing diffuse-type gastric can-
cer 10–20 years after H. pylori eradication.5 Although
the study design (prospective cohort vs. retrospective
case-control), histological type (diffuse type vs. undif-
ferentiated type), the timing of endoscopic background
mucosal assessment (at time of eradication vs. at time
of lesion discovery),and main diseases deemed eligible
for H. pylori eradication (peptic ulcer vs. gastritis or after
endoscopic mucosal resection/endoscopic submucosal
dissection) were different between the two studies, their
results were congruent.

Endoscopic images and histological findings of inva-
sive gastric cancer after H. pylori eradication are highly
variable, and accurately detecting all lesions is difficult.
In the macroscopic type, lesions showing depression
were the most common, accounting for 75% of the
cases, including IIc-like advanced cancers that invaded
below the proper muscle. The median diameter of the
lesion was 24 mm. Regardless of the time of detection,
small advanced cancers <30 mm were present (n = 17),
while relatively large submucosal cancers >50 mm were
observed (n = 15). In this study, annual endoscopy sig-
nificantly correlated with the early pathological stage.As
44% (164/377) of invasive cancers were detected within
5 years of H. pylori eradication, appropriate examina-
tions must be performed for 5 years or longer following
eradication. Endoscopic examination before H. pylori
eradication cannot be neglected, and the accuracy of
the endoscopic examination before and after eradication
is also a factor in determining whether gastric cancer
can be detected before invasion.

After H. pylori eradication, the disease is generally dis-
covered at an invasive stage owing to irregular follow-up;
however, such lesions also develop in patients under-
going annual endoscopy. After H. pylori eradication, the
endoscopist must detect gastric cancer sufficiently early
for endoscopic or curative surgery. Although numerous
gastric cancers can occur after H. pylori eradication,and
each lesion develops differently, we believe that many
lesions can be diagnosed at a curable stage with diligent
periodic examinations.

This study had some limitations. First, although this
study included many patients from 14 institutions, it had
a retrospective design. Second, as time passes after H.

pylori eradication, it becomes increasingly difficult for
patients to recall the reason for eradication and to con-
tinue periodic examinations. Third, as the participating
institutions were specialized oncology hospitals, the fre-
quency of referred patients was high. The assessment
of H. pylori infection is very important after eradica-
tion; however, it was sometimes performed by referring
physicians using methods other than the recommended
13C-urea breath test or stool antigen test. Finally, his-
tological types may change before and after cancer
invasion. Therefore, we have planned a separate study
to determine the frequency of undifferentiated types,
including intramucosal cancers.

In conclusion, invasive gastric cancers diagnosed ≥10
years after H. pylori eradication are often undifferenti-
ated types. Irrespective of endoscopic mucosal atrophy,
these tumors were more biologically malignant in terms
of their histological types and pathological stages.Thus,
whether this was caused by a delayed diagnosis or
histological restoration of mucosal atrophy requires fur-
ther investigation. In clinical practice, gastric cancer
surveillance should be continued regardless of endo-
scopic atrophy, particularly after 10 years of H. pylori
eradication.
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