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ABSTRACT
Background:  Helicobacter pylori (H. pylori) is recognized as a type I carcinogen in gastric cancer 
(GC). However, GC still occurs after H. pylori eradication, and its diagnosis is more complicated. 
This study aimed to summarize the characteristics of early GC (EGC) after H. pylori eradication to 
help accurately identify EGC and avoid missed diagnosis and misdiagnosis.
Methods:  A total of 81 patients of EGC after H. pylori eradication (Hp-eradicated group), resected 
by endoscopic submucosal dissection (ESD), and 105 cases of H. pylori infection-related EGC 
(control group) were assessed. After propensity-score matching, the clinical characteristics, 
endoscopic manifestations, and histopathological features of the 62 matched patients in each 
group were analyzed. We also conducted specific analyses in combination with endoscopic and 
histopathological images.
Results:  There were more patients in the Hp-eradicated group who received proton pump 
inhibitor (PPI) for >1 year compared to the control group (p < 0.001). More patients at OLGA stages 
I-II before the diagnosis of EGC were in the control group (p = 0.045), especially at stage II. The 
mucosa in the Hp-eradicated group showed more moderate-to-severe atrophy (p = 0.047), map-like 
redness (p < 0.001) and mild activity (p < 0.001). The predominant histopathological types differed 
between the two groups (p < 0.001), and the majority of cases in the Hp-eradicated group were 
high-grade intraepithelial neoplasia (HGIN). Ki-67 expression was lower in the Hp-eradicated 
group (p = 0.025). But different eradication intervals of H. pylori have little effect on the 
characteristics of EGC. Furthermore, PPI uses for >1 year (p = 0.005), mucosal map-like redness 
(p < 0.001), moderate mucosal atrophy (p = 0.017), and mild activity of gastric mucosa (p = 0.005) 
were independent characteristics of EGC after H. pylori eradication.
Conclusion:  Our multicenter study revealed that EGC after H. pylori eradication was characterized 
by long-term PPI use, moderate mucosal atrophy, mucosal map-like redness, the mild activity of 
gastric mucosa, a higher proportion of HGIN cases, and lower levels of Ki-67.

KEY MESSAGES
•	 EGC after H. pylori eradication was characterized by long-term PPI use, moderate mucosal 

atrophy, mucosal map-like redness, mild activity of gastric mucosa, a higher proportion of 
HGIN cases, and lower levels of Ki-67.

•	 H. pylori-positive patients at OLGA stages I-II are also more likely to progress to EGC.
•	 According to the current data, different eradication intervals of H. pylori have little effect on 

the characteristics of EGC.

1.  Introduction

Gastric cancer (GC) is one of the most common malig-
nant tumors worldwide. According to cancer data 
released by the World Health Organization, approxi-
mately 1.089 million cases of GC were newly diag-
nosed worldwide in 2020, ranking fifth in cancer 
incidence and fourth in cancer deaths, and 43.9% of 
newly diagnosed GC cases and 48.6% of deaths due to 
GC occurred in China [1]. In view of the current status 

of GC, early detection, diagnosis, and treatment, as 
well as prevention, are of great significance.

GC is divided into early GC (EGC) and advanced 
GC (AGC) according to its course. EGC is confined to 
the gastric mucosa and submucosa, while AGC pene-
trates deeper than the submucosa. With the develop-
ment of endoscopic submucosal dissection (ESD), 
EGC can undergo curative resection via endoscopy. 
Helicobacter pylori infection is an important risk fac-
tor for the development of GC [2,3]. H. pylori 
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infection can cause chronic inflammation of the gas-
tric mucosa, which gradually progresses into precan-
cerous lesions, leading to atrophic gastritis and 
intestinal metaplasia, significantly increasing the risk 
of GC [4,5]. Although eradication of H. pylori could 
effectively reduce the risk of GC, GC can still occur 
after eradication [6]. Therefore, it is extremely import-
ant to analyze the features of GC detected after H. 
pylori eradication and perform appropriate diagnosis, 
treatment, and prevention.

Saka et  al. proposed that GC, after H. pylori eradica-
tion refers to GC, detected and diagnosed at least one 
year after eradication therapy, including GC that 
occurred after eradication or before eradication but 
was discovered after eradication [7]. According to the 
Kyoto Classification of Gastritis, endoscopists can judge 
whether a patient has H. pylori infection and evaluate 
the risk of GC based on the appearance of the gastric 
mucosa under endoscopy [8]. It has been reported 
that patchy redness was also observed in the gastric 
mucosa after H. pylori eradication. Compared with the 
patchy redness of H. pylori infection, the patchy red-
ness of H. pylori eradication had clearer borders and a 
concave shape [9].

Owing to the low incidence of GC after H. pylori 
eradication, few studies have explored its characteris-
tics, and the number of patients in each study was 
limited. Therefore, this study aimed to comprehen-
sively analyze the clinical, endoscopic, and histopatho-
logical characteristics of EGC after H. pylori eradication 
and H. pylori infection-related EGC and clarify the inde-
pendent factors of EGC after H. pylori eradication to 
facilitate early detection and treatment of EGC after H. 
pylori eradication and ameliorate the quality of life of 
patients.

2.  Methods

2.1.  Study subjects

A total of 3760 cases of EGC after ESD were retrospec-
tively analyzed from the Affiliated Hospital of Qingdao 
University, Shandong Second Provinical General 
Hospital, and People’s Hospital of Rizhao  of Shandong 
Province from January 2015 to March 2022. The inclu-
sion criteria for EGC after H. pylori eradication were as 
follows: (1) H. pylori infection was previously confirmed 
by gastroscopic pathology or 13C-urea breath test, and 
H. pylori eradication therapy was performed. (2) EGC 
was found at least one year after H. pylori eradication 
treatment, and ESD was performed concurrently. The 
histopathological diagnosis after ESD was adenocarci-
noma, signet-ring cell carcinoma, or HGIN. (3) 

Histopathology after ESD showed that either H. pylori 
negative or not detected or the 13C-urea breath test 
after ESD was negative. Patients need to stop using PPI 
and antibiotics for at least 1 month before conducting 
the 13C-urea breath test. We excluded patients who 
remained positive for H. pylori after eradication therapy 
or who were diagnosed with EGC less than one year 
after H. pylori eradication therapy. Patients with gastric 
stumps, metachronous gastric cancer (MGC), metastatic 
cancer, or incomplete clinical data were also excluded. 
H. pylori infection-related EGC refers to adenocarci-
noma, signet-ring cell carcinoma, or HGIN with positive 
H. pylori test results by gastroscopic pathological exam-
ination or 13C-urea breath test at least 1 year before 
ESD. And the H. pylori test results of H. pylori 
infection-related EGC after ESD was still positive.

Based on the inclusion and exclusion criteria, 81 
cases of EGC diagnosed after H. pylori eradication 
(Hp-eradicated group) and 105 patients with H. pylori 
infection-related EGC (Control group) were screened 
by reviewing past medical records and telephone 
follow-up.

2.2.  Clinical, endoscopic and pathological 
assessment of EGC

Patient clinical data and endoscopic and pathological 
characteristics were collected and summarized. 
Clinical data included age, sex, smoking history, 
drinking history, family history of gastric cancer, 
Charlson comorbidity index (CCI), number of clinical 
consultations before the diagnosis of EGC, number of 
endoscopic examinations before the diagnosis of 
EGC, duration of symptoms, clinical symptoms, dura-
tion of proton pump inhibitor (PPI) use, reasons for 
using PPI, and combined use of anti-platelet agents. 
The smoking history or drinking history in this article 
respectively refer to patients who have smoked or 
drunk for more than 1 year and have not quit smok-
ing or drinking before being diagnosed with EGC. 
CCI was used to quantify the comorbidities [10]. Age 
score was not included in CCI in this study. GC was 
not included in the CCI total score because the sub-
jects were EGC patients. The operative link on gastri-
tis assessment (OLGA) and the operative link on 
gastric intestinal metaplasia assessment (OLGIM) are 
tools for risk stratification of chronic gastritis [11,12]. 
The OLGA and OLGIM scores were performed on the 
pathological results of patients who underwent gas-
troscopy at least one year prior to the diagnosis of 
EGC. Endoscopic features included background muco-
sal atrophy degree, lesion location, size, clear bound-
ary, and Paris classification. Pathological features 
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included histopathological type, degree of differenti-
ation, and Ki-67 expression level.

Gastric mucosal atrophy was classified as mild 
(C-1, C-2), moderate (C-3, O-1), or severe (O-2, O-3) 
according to the Kimura-Takemoto classification [13]. 
According to the 2005 Paris classification criteria, 
endoscopic lesions were divided into protruding 
(0-I), non-protruding and non-excavated (0-II), and 
excavated (0-III) lesions [14]. Type 0-II was further 
divided into slightly elevated (0-IIa), completely flat 
(0-IIb), slightly depressed (0-IIc), slightly elevated 
and depressed (0-IIa + IIc), or slightly depressed and 
elevated (0-IIc + IIa) types. To better describe the 
endoscopic manifestations after H. pylori infection or 
eradication, we referred to the 2018 edition of the 
Kyoto Classification of Gastritis and Saka’s descrip-
tion of GC after H. pylori eradication [7,15]. We also 
described the degree of inflammation and activity of 
gastric mucosa. GC resected by ESD is histologically 
classified into papillary adenocarcinoma, tubular 
adenocarcinoma, signet-ring cell carcinoma, undiffer-
entiated carcinoma, and HGIN. According to the 
degree of differentiation, GC cells can be catego-
rized as well-differentiated, moderately differenti-
ated, poorly differentiated, and undifferentiated 
cancers [16].

After ESD, histopathological specimens were stained 
with hematoxylin and eosin (HE), dehydrated, and 
mounted for microscopic observation. Furthermore, to 
analyze and evaluate the growth activity of tumors, 
Ki-67 immunostaining was performed. Other immuno-
histochemical indicators including CKpan, HER2, Syn, 
CgA, SMA, S100, CD31, D2-40, P53, MUC2, MUC5AC, 
MUC6, CEA were also explored.

Subgroup analysis of patients in Hp-eradicated 
group was also conducted according to the different 
times from eradication therapy to EGC diagnosis in 
order to explore the relationship between different H. 
pylori eradication times and characteristics of EGC.

2.3.  Statistical analysis

Quantitative data were analyzed using Student’s t-test 
or Mann-Whitney U test. Qualitative data were ana-
lyzed using χ2 test or Fisher’s exact test and rank data 
were analyzed using the rank sum test. We used logis-
tic regression for propensity scoring with a caliper 
value of 0.02, incorporating sex, age, smoking history, 
drinking history, family history of GC, CCI, and the 
number of endoscopic examination variables for 
one-to-one nearest-neighbor matching. Logistic regres-
sion analysis was also conducted to screen indepen-
dent characteristics of EGC after H. pylori eradication. 

SPSS 26.0 was used to perform all the statistical anal-
yses and p < 0.05 was significant.

3.  Results

3.1.  Comparison of General characteristics 
between the Hp-eradicated and control groups

Figure 1 is the flow diagram of this study. Firstly, the 
clinical characteristics of the Hp-eradicated and con-
trol groups before and after propensity-score match-
ing are summarized in Table 1. A total of 81 patients 
were included in the Hp-eradicated group in this 
study, with an average age of 61.81 ± 9.2 years, and 
105 patients were included in the control group, with 
an average age of 61.14 ± 8.9 years. Patients in the 
Hp-eradicated group had more clinical consultations 
(p = 0.003) and endoscopic examinations (p = 0.022) 
before propensity-score matching. No statistically sig-
nificant differences were found in smoking history, 
drinking history, family history of GC, CCI, clinical 
symptoms, and duration of symptoms between the 
two groups. We performed propensity-score matched 
analysis to remove the influence of confounding fac-
tors and improve the reliability of results. After 
propensity-score matching, 62 patients from each 
group were included in the analysis. There were more 
patients in the Hp-eradicated group who were admin-
istered PPIs for >1 year compared to in the control 
group before and after propensity-score matching 
(p < 0.001).

PPIs are widely used to treat gastroesophageal 
reflux disease (GERD) and are often combined with 
anti-platelet agents. Therefore, we analyzed the 
long-term use of PPI due to GERD and the combined 
use of anti-platelet agents to know whether PPI admin-
istration is a risk in cases of GC after eradication of H. 
pylori with specific clinical background. More patients 
in the eradicated group underwent long-term PPI 
treatment due to GERD (p = 0.043) (Supplementary 
Table 1). But after matching, there was no statistical 
significance (p = 0.118). In addition, the combined use 
of anti-platelet agents showed no significant difference 
between the two groups.

We also explored the OGLA and OLGIM staging 
before the diagnosis of EGC in the Hp-eradicated 
group and control group (Table 2). There was no dif-
ference in the overall OLGA and OLGIM staging 
between Hp-eradicated group and H. pylori 
infection-related group. But more patients in the H. 
pylori infection-related group were at OLGA stages I-II 
at least one year before the diagnosis of GC (p = 0.045), 
especially at stage II.

https://doi.org/10.1080/07853890.2023.2231852
https://doi.org/10.1080/07853890.2023.2231852
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3.2.  Comparison of the endoscopic and 
pathological characteristics between the 
Hp-eradicated and control groups

Table 3 shows the endoscopic and pathological charac-
teristics of the Hp-eradicated and control groups before 
and after propensity-score matching. The mucosa in 
the Hp-eradicated group showed more moderate-to-se-
vere atrophy (p = 0.047), map-like redness (p < 0.001), 
and mild activity (p < 0.001) than that in the control 
group. We found that the diameter of the lesions in the 
Hp-eradicated group was smaller than that in the con-
trol group (p = 0.042) before propensity-score matching. 
However, no difference was observed in the diameter 

of the lesions after propensity-score matching 
(p = 0.093). Most lesions in both groups were located in 
the lower part of the stomach (p = 0.419), and the 
boundary of most lesions was clear (p = 0.783). 
Twenty-seven cases of Paris type 0-IIc were in the 
Hp-eradicated group (27/62, 43.5%) and thirty-one 
cases were in the control group (31/62, 50.0%), indicat-
ing that most lesions were slightly depressed (p = 0.540).

Both the Hp-eradicated and control groups had a 
large proportion of mild and moderate intestinal meta-
plasia (p = 0.477). A significant difference existed 
between the two groups in the pathological type 
(p < 0.001), and a majority of patients in the 
Hp-eradicated group were HGIN (p < 0.001). It is 

Patients excluded:

No gastroscopy examination at least 1 year before EGC (1287)

Unable to determine H. pylori status before EGC (1106)

H. pylori positive after eradication therapy (321)

EGC less than 1 year after H. pylori eradication therapy (178)

Gastric stump cancer, MGC, metastatic cancer (144)

EGC patients with incomplete clinical data (538)

A total of 3760 cases of EGC after ESD

81 EGC diagnosed after H. pylori
eradication (Hp-eradicated group)

105 H. pylori infection-related
EGC (Control group)

186 cases of EGC

of EGC after ESDPropensity-score matching

of EGC after ESD62 in Hp-eradicated group of EGC after ESD62 in Control group

of EGC after ESD
Comparison of the clinic, endoscopic,

and pathological characteristics

of EGC after ESDMultivariate logistic regression analysis

of EGC after ESD
Endoscopic and histopathological

image analysis

of EGC after ESD

of EGC after ESD Subgroup analysis excluding HGIN

Subgroup analysis according to the times

after eradication therapy

Subgroup analysis of the use time of PPI

in different gastric mucosa background

OGLA and OLGIM staging

before the diagnosis of EGC

Inclusion and exclusion criteria

Figure 1.  The flow diagram of the study.
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generally believed that the differentiation degree of 
well-differentiated and moderately differentiated ade-
nocarcinomas is good, while the differentiation degree 
of poorly differentiated and signet-ring cell carcinomas 
is poor. The degree of differentiation showed no signif-
icant difference between the two groups (p = 0.058). 

Ki-67 can be used as a reference index to evaluate the 
degree of tumor cell proliferation [17]. A total of 47 
and 60 patients in the Hp-eradicated and control 
groups, respectively, underwent immunohistochemis-
try after matching. The proportion of patients with a 
Ki-67 index <50% in the Hp-eradicated group was 

Table 1. C omparison of clinical characteristics between the Hp-eradicated and control groups before and after propensity-score 
matching.

Clinical characteristics

All patients (n = 186) Propensity score-matched patients (n = 124)

Hp-eradicated group
n = 81 (%)

Control group
n = 105 (%) P value

Hp-eradicated group
n = 62 (%)

Control group
n = 62 (%) P value

Sex 0.479 1.000
  Male 58 (71.6) 80 (76.2) 47 (75.8) 47 (75.8)
 F emale 23 (28.4) 25 (23.8) 15 (24.2) 15 (24.2)
Age, yr 61.81 ± 9.20 61.14 ± 8.90 0.616 60.97 ± 9.43 60.79 ± 9.09 0.915
Age range 0.863 0.719
  ≤ 60 36 (44.4) 48 (45.7) 31 (50.0) 29 (46.8)
  >60 45 (55.6) 57 (54.3) 31 (50.0) 33 (53.2)
Smoking history 0.772 0.856
  Yes 33 (40.7) 45 (42.9) 27 (43.5) 26 (41.9)
 N o 48 (59.3) 60 (57.1) 35 (56.5) 36 (58.1)
Drinking history 0.771 1.000
  Yes 31 (38.3) 38 (36.2) 25 (40.3) 25 (40.3)
 N o 50 (61.7) 67 (63.8) 37 (59.7) 37 (59.7)
Family history of GC 0.284 0.717
  Yes 9 (11.1) 7 (6.7) 3 (4.8) 5 (8.1)
 N o 72 (88.9) 98 (93.3) 59 (95.2) 57 (91.9)
CCI† 0.93 ± 1.07 0.83 ± 1.03 0.531 0.85 ± 1.08 0.77 ± 0.97 0.663
Number of clinical consultations 3.98 ± 3.51 2.61 ± 2.31 0.003 3.81 ± 3.74 2.82 ± 2.46 0.086
Number of endoscopic examinations 1.98 ± 1.04 1.64 ± 0.95 0.022 1.82 ± 1.02 1.76 ± 0.80 0.696
Clinical symptoms 0.806 0.192
  Abdominal pain 22 (27.2) 30 (28.6) 20 (32.3) 13 (21.0)
  Bloating 14 (17.3) 14 (13.3) 11 (17.7) 8 (12.9)
  Both pain and bloating 10 (12.3) 18 (17.1) 6 (9.7) 13 (21.0)
 O thers 17 (21.0) 18 (17.1) 12 (19.3) 9 (14.5)
 N one 18 (22.2) 25 (23.8) 13 (21.0) 19 (30.6)
Duration of symptoms (month) 29.8 ± 61.37 17.3 ± 37.80 0.140 30.53 ± 68.13 14.16 ± 28.88 0.155
Time of taking PPI† <0.001 <0.001
  ≤ 1 year 22 (27.2) 83 (79.0) 16 (25.8) 47 (75.8)
  >1 year 59 (72.8) 22 (21.0) 46 (74.2) 15 (24.2)

†CCI: Charlson comorbidity index; PPI: proton pump inhibitor. Data are presented as the mean ± standard deviation or number (%).

Table 2.  The OGLA and OLGIM staging before the diagnosis of EGC in the Hp-eradicated and control groups before 
and after propensity-score matching.

All patients (n = 186) Propensity score-matched patients (n = 124)

Hp-eradicated group
n = 81 (%)

Control group
n = 105 (%) P value

Hp-eradicated group
n = 62 (%)

Control group
n = 62 (%) P value

OLGA 0.375 0.346
 I  16 (19.8) 15 (14.3) 14 (22.6) 8 (12.9)
 II  24 (29.6) 49 (46.7) 17 (27.4) 34 (54.8)
 III  38 (46.9) 39 (37.1) 29 (46.8) 19 (30.6)
 I V 3 (3.7) 2 (1.9) 2 (3.2) 1 (1.6)
OLGA 0.066 0.045
   I-II 40 (49.4) 66 (62.9) 31 (32.3) 42 (67.7)
   III-IV 41 (50.6) 39 (37.1) 31 (50.0) 20 (50.0)
OLGIM 0.988 0.979
 I  20 (24.7) 18 (17.1) 18 (29.0) 9 (14.5)
   II 24 (29.6) 46 (43.8) 15 (24.2) 32 (51.6)
   III 35 (43.2) 37 (35.2) 27 (43.5) 18 (29.0)
   IV 2 (2.5) 4 (3.8) 2 (3.2) 3 (4.8)
OLGIM 0.240 0.143
 I -II 44 (54.3) 66 (62.9) 33 (53.2) 41 (66.1)
 III -IV 37 (45.7) 39 (37.1) 29 (46.8) 21 (33.9)
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larger than that in the control group, indicating that 
the expression level of Ki-67 in EGC after H. pylori 
eradication was lower (p = 0.025).

We also explored some other immunohistochemical 
markers, including CKpan, HER2, Syn, CgA, SMA, S100, 
CD31, D2-40, P53, MUC2, MUC5AC, MUC6, and CEA. 
We conducted an analysis of these markers between 
Hp-eradicated and control groups before and after 
propensity-score matching (Supplementary Table 2). 
We found that the positive expression rate of CgA in 
the Hp-eradicated group was higher than that in the 
control group (p = 0.033).

3.3.  Subgroup analysis of characteristics excluding 
HGIN between Hp-eradicated and control groups

Due to HGIN being interpreted differently by patholo-
gists, we conducted subgroup analysis of characteris-
tics excluding HGIN between Hp-eradicated and control 
groups before and after propensity-score matching 
(Supplementary Table 3). After excluding HGIN, there 
were 69 patients remaining in the control group and 
30 remaining in the Hp-eradicated group. We found 
that the time of taking PPI (p = 0.043), degree of muco-
sal atrophy (p = 0.009), and mucosal map-like redness 

Table 3. C omparison of endoscopic and pathological characteristics between Hp-eradicated and control groups before and after 
propensity-score matching.

Characteristics

All patients (n = 186) Propensity score-matched patients (n = 124)

Hp-eradicated group 
n = 81 (%)

Control group 
n = 105 (%) P value

Hp-eradicated group 
n = 62 (%)

Control group 
n = 62 (%) P value

Mucosal atrophy 0.010 0.047
  Mild 32 (39.5) 61 (58.1) 32 (39.5) 47 (58.0)
  Moderate 40 (49.4) 38 (36.2) 40 (49.4) 30 (37.0)
 S evere 9 (11.1) 6 (5.7) 9 (11.1) 4 (5.0)
Mucosal map-like 

redness
<0.001 <0.001

  Yes 69 (85.2) 14 (13.3) 53 (85.5) 10 (16.1)
No 12 (14.8) 91 (86.7) 9 (14.5) 52 (83.9)
Lesion size (mm) 15.00,10 15.00,13 0.042 15.00,10 15.00,8 0.093
Lesion range 0.039 0.524
  ≤20 mm 67 (82.7) 73 (69.5) 49 (79.0) 46 (74.2)
  >20mm 14 (17.3) 32 (30.5) 13 (21.0) 16 (25.8)
Lesion location 0.730 0.419
  Upper 15 (18.5) 15 (14.3) 8 (12.9) 5 (8.1)
  Middle 14 (17.3) 20 (19.0) 10 (16.1) 15 (24.2)
 L ower 52 (64.2) 70 (66.7) 44 (71.0) 42 (67.7)
Lesion border 0.561 0.783
 C lear 72 (88.9) 96 (91.4) 54 (87.1) 55 (88.7)
Unclear 9 (11.1) 9 (8.6) 8 (12.9) 7 (11.3)
Paris classification 0.393 0.540
  0-IIa 22 (27.2) 29 (27.6) 15 (24.2) 11 (17.7)
  0-IIa + IIc 21 (25.9) 17 (16.2) 17 (27.5) 13 (21.0)
  0-IIb 3 (3.7) 5 (4.8) 3 (4.8) 4 (6.5)
  0-IIb + IIc 0 3 (2.9) 0 2 (3.2)
  0-IIc 35 (43.2) 50 (47.6) 27 (43.5) 31 (50.0)
  0-Ip 0 1 (1.0) 0 1 (1.6)
Inflammation 0.243 0.207
  Mild 5 (6.2) 2 (1.9) 5 (8.1) 1 (1.6)
  Moderate 76 (93.8) 103 (98.1) 57 (91.9) 61 (98.4)
Activity 0.001 <0.001
  Mild 50 (61.7) 39 (37.1) 42 (67.7) 19 (30.6)
  Moderate 31 (38.3) 66 (62.9) 20 (32.3) 43 (69.4)
Intestinal metaplasia 0.110 0.477
 N one 3 (3.7) 10 (9.5) 3 (3.7) 9 (11.1)
  Mild 22 (27.2) 34 (32.4) 22 (27.2) 26 (32.1)
  Moderate 54 (66.7) 58 (55.2) 54 (66.7) 43 (53.1)
 S evere 2 (2.5) 3 (2.9) 2 (2.5) 3 (3.7)
Type† 0.001 <0.001
  HGIN 51 (63.0) 36 (34.3) 39 (62.9) 16 (25.8)
  WDA 13 (16.0) 24 (22.9) 10 (16.1) 16 (25.8)
  MDA 15 (18.5) 28 (26.7) 11 (17.8) 18 (29.0)
  PDA 1 (1.2) 13 (12.4) 1 (1.6) 9 (14.5)
 S RCC 1 (1.2) 4 (3.8) 1 (1.6) 3 (4.8)
Differentiation 0.037 0.058
  Well 28 (93.3) 52 (75.4) 23 (92.0) 35 (74.5)
  Poor 2 (6.7) 17 (24.6) 2 (8.0) 12 (25.5)
Ki-67 index 0.014 0.025

33 (51.6) 33 (32.4) 25 (53.2) 19 (31.7)
  ≥50% 31 (48.4) 69 (67.6) 22 (46.8) 41 (68.3)
†HGIN: high-grade intraepithelial neoplasia; WDA: well-differentiated adenocarcinoma; MDA: moderately differentiated adenocarcinoma; PDA: poorly differ-
entiated adenocarcinoma; SRCC: signet ring cell carcinoma.

https://doi.org/10.1080/07853890.2023.2231852
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(p < 0.001) were significantly different between 
Hp-eradicated and control groups after propensity-score 
matching. There were no significant differences in the 
activity of the gastric mucosa, pathological types, and 
Ki-67 index between the two groups, which were dif-
ferent from the characteristic analysis including HGIN.

3.4.  Subgroup analysis of patients in 
Hp-eradicated group

We divided the patients in the Hp-eradicated group 
into three subgroups according to the different times 
from eradication therapy to EGC diagnosis, including 1 
to 2 years (group A), 2 to 5 years (group B), and more 
than 5 years (group C). We found no significant differ-
ences between the three groups in terms of clinical, 
endoscopic, and pathological features (Table 4). 
Therefore, different H. pylori eradication times have lit-
tle effect on the characteristics of EGC based on the 
current data.

We also further explored the time of taking PPI in 
the different backgrounds of gastric mucosa of GC 

patients after H. pylori eradication. There was no signif-
icant difference in the use time of PPI in patients with 
different degrees of gastric mucosa atrophy, inflamma-
tion, activity, and intestinal metaplasia (Supplementary 
Table 4).

3.5.  Multivariate logistic regression analysis of the 
characteristics of EGC after H. pylori eradication

Our multivariate logistic regression analysis included 
statistically significant risk factors in the univariate 
analysis, such as the duration of PPI use, degree of 
mucosal atrophy, mucosal map-like redness, and mild 
activity of gastric mucosa. Lesion size was also included 
in the multivariate logistic regression analysis for fur-
ther judgment because some studies have suggested 
that GC patients have smaller lesions after H. pylori 
eradication. The results indicated that PPI use >1 year 
(odds ratio [OR] = 5.33, 95% confidence interval [CI]: 
1.67–17.01, p = 0.005), mucosal map-like redness (OR = 
32.18, 95% CI: 9.26–111.77, p < 0.001), moderate muco-
sal atrophy (OR = 5.20, 95% CI: 1.35–20.02, p = 0.017), 

Table 4. S ubgroup analysis of patients in Hp-eradicated group according to the times after eradiaction therapy.

Characteristics
Group A (1 to 2 years)

n = 42
Group B (2 to 5 years)

n = 24
Group C (>5 years)

n = 15 P value

Sex 0.434
  Male 30 (71.4) 19 (79.2) 9 (60.0)
 F emale 12 (28.6) 5 (20.8) 6 (40.0)
Age, yr 62.38 ± 9.05 60.42 ± 8.97 62.47 ± 10.25 0.679
Smoking history 0.657
  Yes 18 (42.9) 8 (33.3) 7 (46.7)
 N o 24 (57.1) 16 (66.7) 8 (53.3)
Drinking history 0.873
  Yes 16 (38.1) 10 (41.7) 5 (33.3)
 N o 26 (61.9) 14 (58.3) 10 (66.7)
Family history of GC 0.830
  Yes 5 (11.9) 3 (12.5) 1 (6.7)
 N o 37 (88.1) 21 (87.5) 14 (93.3)
CCI 0.95 ± 1.15 1.04 ± 1.00 0.67 ± 0.98 0.558
Number of clinical 

consultations
3.40 ± 3.61 4.67 ± 3.58 4.47 ± 3.04 0.316

Number of endoscopic 
examinations

1.76 ± 0.96 2.33 ± 0.96 2.00 ± 1.25 0.097

Time of taking PPI 0.406
  ≤1 year 13 (31.0) 7 (29.2) 2 (13.3)
  >1 year 29 (69.0) 17 (70.8) 13 (86.7)
Mucosal atrophy 0.251
  Mild 14 (33.3) 11 (45.8) 7 (46.7)
  Moderate 20 (47.6) 12 (50.0) 8 (53.3)
 S evere 8 (19.0) 1 (4.2) 0 (0.0)
Mucosal map-like redness 0.100
   Yes 39 (92.9) 18 (75.0) 12 (80.0)
 N o 3 (7.1) 6 (25.0) 3 (20.0)
Lesion size (mm) 18.26 ± 13.71 13.04 ± 6.56 17.07 ± 5.38 0.171
Type 0.366
  HGIN 30 (71.4) 14 (58.3) 7 (46.7)
  WDA 6 (14.3) 4 (16.7) 3 (20.0)
  MDA 4 (9.5) 6 (25.0) 5 (33.3)
  PDA 1 (2.4) 0 (0.0) 0 (0.0)
 S RCC 1 (2.4) 0 (0.0) 0 (0.0)
Ki-67 index 0.393
  <50% 20 (58.8) 9 (47.4) 4 (36.4)
  ≥50% 14 (41.2) 10 (52.6) 7 (63.6)

https://doi.org/10.1080/07853890.2023.2231852
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and the activity of gastric mucosa (OR = 0.176, 95% CI: 
0.05–0.60, p = 0.005) were independent characteristics 
of EGC after H. pylori eradication (Table 5). However, 
the significance of lesion size (OR = 0.48, 95% CI: 0.12–
1.92, p = 0.301) needs to be further verified.

3.6.  Endoscopic and histopathological analysis of 
EGC after H. pylori eradication and H. pylori 
infection-related EGC

Figure 2 presents the endoscopic and histopathologi-
cal images of a well-differentiated adenocarcinoma in 
a middle-aged male patient after H. pylori eradication. 
A 25 × 25-mm reddish depressed lesion was observed 
on the anterior wall of the upper part of the gastric 
antrum (Figure 2(A)). The surrounding mucosa showed 
map-like redness. The boundary of the lesion was clear 
on NBI magnifying endoscopy, with grid-like microves-
sels and disordered surface microstructures (Figure 
2(B)). The gastric mucosa around the tumor was atro-
phied under low magnification, showing gastric pits, 
decreased glandular layers, and moderate intestinal 
metaplasia. Some glands were more proliferative, and 
lymphocytes and plasma cells infiltrated the intersti-
tium (Figure 2(C)). When properly magnifying the ade-
nocarcinoma area, the gastric mucosa was destroyed 
and the glands mainly showed a thick true papillary 
structure. The vascular axis of the papilla was visible, 
and the surface was covered with atypical epithelium, 
showing a well-differentiated papillary adenocarci-
noma. Tumors in a small part of the area expanded in 
the form of tube glands, with dilated and irregular 
lumens, and enlarged glands were observed in the 
deep part of the tumor (Figure 2(D)).

The endoscopic and histopathological characteris-
tics of H. pylori infection-related well-differentiated 
adenocarcinoma are shown in Figure 3. There was a 
slightly reddish, transverse, patchy mucosa with a 

rough surface and slight depression in the center, 
approximately 28 × 18 mm in size on the side of the 
lesser curvature in the middle of the gastric body 
(Figure 3(A)). Under NBI, the boundary was clear, and 
most of the microstructures were caviar-like with 
dilated microvessels (Figure 3(B)). The glands in the 
adenocarcinoma area were mainly thick papillary struc-
tures covered with atypical epithelium (Figure 3(C)). 
Tumor cell atypia was remarkable and the nucleocyto-
plasmic ratio was significantly increased (Figure 3(D)). 
In the comparison of the two cases, the map-like red-
ness and depressed features of GC after H. pylori erad-
ication were more obvious, which was in line with the 
endoscopic characteristics. Intestinal metaplasia was 
observed in both cases and cell atypia was obvious.

4.  Discussion

The occurrence of GC is a complex process, and H. 
pylori infection is a key factor listed as a class I carcin-
ogen of GC [18]. Due to persistent H. pylori infection, a 
series of gastric mucosal lesions develop, starting with 
an inflammatory response and eventually developing 
into GC. Furthermore, studies have shown that per-
sistent H. pylori infection can lead to an increased risk 
of MGC [19,20]. Eradication of H. pylori can prevent 
further gastric mucosal atrophy and even reverse atro-
phy [21]. H. pylori eradication can decrease the inci-
dence of GC, and H. pylori eradication treatment after 
endoscopic resection of EGC lesions can significantly 
decrease the incidence of MGC [22,23]. However, some 
studies have shown that GC still occurs even after suc-
cessful eradication of H. pylori, although the incidence 
of GC is lower than that with persistent H. pylori infec-
tion [24,25].

By comparing the clinical characteristics of the 
Hp-eradicated and control groups, we found that most 
patients with GC after H. pylori eradication received PPI 
for >1 year (p < 0.001). Although we can’t claim that PPI 
use >1 year was the independent risk factor for GC 
after HP eradication, our result indirectly suggests that 
long-term use of PPI might promote the occurrence of 
GC after H. pylori eradication. Both groups of patients 
in this study ultimately developed gastric cancer. H. 
pylori was a recognized carcinogenic factor in the H. 
pylori infection-related group, but this important car-
cinogenic factor was missing in the Hp-eradicated 
group which still progressed to GC. Therefore, we want 
to explore other possible reasons by comparing the 
various characteristics of the two groups, providing 
reference for our further exploration. The association 
between PPI use and GC is biologically plausible and 
might be mediated by several factors. PPI can cause 

Table 5. L ogistic regression analysis of the characteristics of 
early gastric cancer after H. pylori eradication after 
propensity-score matching.
Characteristics OR 95%CI P value

Time of taking PPI
  ≤1 year vs >1 year 5.33 1.67–17.01 0.005
Mucosal map-like 

redness
 N o vs Yes 32.18 9.26–111.77 <0.001
Lesion range
  ≤20 mm vs >20mm 0.48 0.12–1.92 0.301
Mucosal atrophy 0.056
  Mild vs Moderate 5.20 1.35–20.02 0.017
  Mild vs Severe 1.98 0.26–14.80 0.507
Activity
  Mild vs Moderate 0.176 0.05–0.60 0.005

OR: odds ratio; CI: confidence interval; PPI: proton pump inhibitor.
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hypergastrinemia because gastrin secretion is restrained 
by acidity [26]. Gastrin is considered to be a potential 
growth factor that may lead to hyperplasia [27]. In 
addition, long-term use of PPI may induce changes in 
the gut microbiome, including a reduction in microbial 
diversity, which causes an increasing risk of GC [28,29]. 
These factors may result in the development of GC in 
PPI users, even if they have successfully eradicated H. 
pylori. Hagiwara et  al. found that the long-term use of 
PPI increased the risk of developing GC after eradica-
tion [30]. Nevertheless, another study found that 
long-term PPI use increased the risk of GC indepen-
dent of H. pylori eradication [6]. It is controversial 
whether long-term use of PPI has an explicit effect on 
the occurrence of GC after H. pylori eradication, and 
more prospective trials are needed to elucidate this. 
Unlike previous studies, this study did not include 
non-GC patients as control and did not directly explore 
the impact of long-term use of PPI on the occurrence 
of GC. This study selected a new perspective and 
focused on exploring the independent characteristic 
factors of GC after H. pylori eradication compared to H. 
pylori infection-related GC.

Long-term use of PPI due to GERD is a characteris-
tic of GC patients after H. pylori eradication before 
propensity score matching, which suggests that we 
should pay attention to the long-term management 
of GERD, especially whether refractory GERD should 
prioritize other non-pharmacological treatment mea-
sures such as cardiac constriction surgery. Previous 
studies have shown that the use of anti-platelet drugs 
may reduce the risk of developing GC after H. pylori 
eradication, which may be related to its ability to 
eliminate inflammation [31,32]. However, we did not 
find a significant difference in the combined use of 
anti-platelet drugs in GC after H. pylori eradication 
and in H. pylori infection-related GC.

Patients at OLGA/OLGIM stages III-IV should receive 
regular endoscopic examinations regardless of H. pylori 
infection. It has been shown that H. pylori-positive 
patients at OLGIM stage II are also more likely to prog-
ress to EGC and have a higher risk of GC [33]. Our 
study has the similar finding in the OLGA stage II. For 
patients with high-risk staging, regular gastroscopic 
surveillance should be conducted even after successful 
H. pylori eradication, and high-resolution gastroscopy 

Figure 2.  Well-differentiated adenocarcinoma after Helicobacter pylori eradication of a middle-aged male patient. (A) White light 
endoscopy image. The yellow arrow indicates the lesion location. (B) NBI image. (C) Normal gastric mucosa surrounding the tumor 
(HE,×100). (D) Well-differentiated adenocarcinoma area (HE, ×400).
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should be performed to avoid missing some micro-
scopic tumor lesions. This study did not involve 
patients with non-gastric cancer as control, so we can-
not further explore the independent risk factors for 
OLGA/OLGIM stages III-IV. However, a previous study 
has demonstrated that serum pepsinogen I (PGI) and 
H. pylori infection are independent risk factors for 
OLGA stages III-IV, while age and PGR (PGI and PGII 
ratio) are risk factors for OLGIM stages III-IV [33].

Yamamoto et  al. found that most GC specimens 
detected after H. pylori eradication were depressed 
and had smaller lesions [34]. The researchers specu-
lated that the improvement in gastric acid secretion 
after H. pylori eradication might inhibit the expansion 
and growth of GC lesions, making the lesion morphol-
ogy different from that of H. pylori infection-related 
GC [35]. However, our study found that GC lesions 
after H. pylori eradication were not significantly smaller 
than those associated with H. pylori infection 
(p = 0.093). The gastric mucosa infected with H. pylori 
had endoscopic features such as atrophy, swelling, 
and diffuse redness. After H. pylori eradication, the dif-
fuse redness of the gastric mucosa disappeared, the 
atrophy boundary was unclear, and the map-like 

redness was prominent [9]. Furthermore, normal 
columnar epithelium and ‘gastritis-like’ appearance are 
often observed on the surface of GC lesions after H. 
pylori eradication [36]. It is speculated that the bound-
ary of GC lesions after H. pylori eradication is less dis-
tinct than that of non-cancerous lesions and requires 
careful identification.

It has been reported that severe gastric mucosal 
atrophy and intestinal metaplasia increased the risk of 
GC after H. pylori eradication [37,38]. Nagata et  al. pro-
posed that map-like redness may be a predictor of GC 
after H. pylori eradication. We also found that 
moderate-to-severe mucosal atrophy (p = 0.047) and 
mucosal map-like redness (p < 0.001) were more com-
mon in EGC after H. pylori eradication. We speculate 
that GC is more likely to occur in cases of moderate to 
severe atrophy after H. pylori eradication, but in cases 
of current infection, GC may occur even if atrophy is 
mild. It is challenging to diagnose GC after H. pylori 
eradication based on the endoscopic characteristics of 
the lesions. It will be helpful to avoid missed diagnoses 
by analyzing the endoscopic manifestation of GC 
lesions after H. pylori eradication continuously and care-
fully. Furthermore, periodic endoscopic examination 

Figure 3.  Helicobacter pylori infection-related well-differentiated adenocarcinoma of an Elderly male patient. (A) White light 
endoscopy image. The yellow arrow indicates the lesion location. (B) NBI image. (C) Well-differentiated adenocarcinoma area (HE, 
×200). (D) Well-differentiated adenocarcinoma area (HE, ×400).
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after H. pylori eradication is of great significance for the 
timely diagnosis of GC lesions.

The activity of gastric mucosa means the presence 
of neutrophils in the lamina propria or epithelium or 
both. This means that eradication of H. pylori could 
reduce the infiltration of neutrophils in gastric mucosa, 
providing inspiration for further exploring the patho-
genesis of gastric cancer after H. pylori eradication.

Gastric intraepithelial neoplasia (GIN), previously 
known as atypical hyperplasia or dysplasia, belongs to 
precancerous lesions, including low-grade intraepithe-
lial neoplasia (LGIN) and high-grade intraepithelial 
neoplasia (HGIN). However, HGIN is usually classified 
with EGC because its biological behavior and interven-
tion measures are similar to those of EGC. ESD treat-
ment is recommended for HGIN of the gastric mucosa 
in expert consensus. The histopathological type of EGC 
after H. pylori eradication was different from that of 
the control group, with a higher proportion of HGIN 
cases in the Hp-eradicated group (p < 0.001); however, 
the expression level of Ki-67 was lower in the H. pylori 
infection-related EGC group (p = 0.025). Some research-
ers found that the expression levels of MUC2, Wnt5a, 
and Ki-67 in GC after H. pylori eradication were lower 
than those in H. pylori infection-related GC [34,39]. 
Therefore, we hypothesized that the proliferation and 
invasive ability of GC after sterilization would be lower 
than that of H. pylori-infection-related GC. In the anal-
ysis of other immunohistochemical indicators, we 
noticed that the positive expression rate of chromogr-
anin A (CgA) in the Hp-eradicated group was higher. 
CgA is produced by endocrine and neuroendocrine 
cells and can be used both as an immunohistochemi-
cal marker and serum marker of neuroendocrine 
tumors [40]. Our result can indicate that there were 
more neuroendocrine cells in the pathological tissue 
of GC patients after Hp-eradication. However, it cannot 
be further demonstrated that they have a tendency to 
develop into neuroendocrine tumors, as we already 
had a clear understanding of the pathological results 
of the included GC patients. After excluding HGIN, we 
still found that long term use of PPI (p = 0.001), mod-
erate mucosal atrophy (p = 0.008), and mucosal 
map-like redness (p < 0.001) were more common in 
EGC after H. pylori eradication, which were basically 
consistent with the EGC results including HGIN.

Our study found that different H. pylori eradication 
times had little impact on the characteristics of EGC. 
This finding seems to weaken the significance of early 
H. pylori eradication therapy. However, this result needs 
further validation because of the small sample size.

A review indicates that there is currently no clear 
evidence that long-term use of PPIs can lead to or 

accelerate the progression of gastric atrophy or intes-
tinal metaplasia [41]. Based on our current data, we 
found that there was no difference in the use time of 
PPI in patients with GC after H. pylori eradication under 
different gastric mucosa backgrounds. The impact of 
long-term use of PPI on the risk of GC in different gas-
tric mucosa backgrounds still needs to be explored in 
a large sample prospective trial.

Our multicenter retrospective study comparatively 
analyzed the clinical, endoscopic, and histopathologi-
cal features of GC after H. pylori eradication and H. 
pylori infection-related GC, providing a reference for 
the early detection and diagnosis of GC after H. pylori 
eradication. We matched the variables, including sex, 
age, smoking history, drinking history, family history of 
GC, CCI, and the number of endoscopic examinations, 
to eliminate the effect of confounding factors, espe-
cially since patients in HP-eradicated group might have 
received longer duration of follow-up after HP eradica-
tion with more clinic visit and endoscopic surveillance 
than those in the control group. Our study has several 
limitations. First, this was a retrospective study with no 
prognostic analysis, which was not as convincing as a 
prospective study. Second, the number of patients 
diagnosed with EGC after H. pylori eradication is indeed 
very small although this research was a multicenter 
study. In addition, our study has strict inclusion and 
exclusion criteria, so the sample size in Hp-eradicated 
group is small as well. In the near future, we will con-
duct a prospective cohort study, expand the sample 
size, and perform a comparative analysis of the sur-
vival rates.

In conclusion, our multicenter study indicated that 
EGC after H. pylori eradication is characterized by 
long-term use of PPI, moderate mucosal atrophy, 
mucosal map-like redness, the mild activity of gastric 
mucosa, a higher proportion of HGIN, and lower levels 
of Ki-67.
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