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INTRODUCTION

Several epidemiologic studies have suggested that Helico-
bacter pylori eradication has prophylactic effects against 
gastric cancer [1,2]. Randomized controlled trials have re-
vealed that H. pylori eradication therapy significantly re-
duces the incidence of metachronous gastric cancer after 
endoscopic resection and reverses carcinogenesis events as 
compared to states of persistent infection [3,4]. However, 
the effects of H. pylori eradication therapy in high-risk pop-
ulations are less clear [5]. The occurrence of gastric cancer 
after H. pylori eradication (termed H. pylori negative gastric 
cancer) is increasing. In a prospective trial, the eradication 
of H. pylori did not significantly reduce the incidence of 
metachronous gastric carcinoma during a 3-year follow-up 
period, and there were insufficient long-term data to deter-
mine the long-term efficacy of H. pylori eradication [6]. H. 
pylori eradication alone does not prevent the development 
of cancer from gastric dysplasia. A recent meta-analysis sug-
gested that H. pylori eradication may reduce metachronous 
recurrence for a minimum of 5 years, though recurrence 
may not be reduced during the first 5 years after eradication 
[7]. However, a significant number of patients had meta-
chronous recurrence despite H. pylori eradication therapy. 
Therefore, prospective studies reporting well-controlled and 

long-term outcomes are necessary. 
The effects of microsatellite instability (MSI) on gastric 

carcinogenesis were examined alongside those of H. pylori 
eradication in this study. Four genomic tumour subgroups 
of primary gastric adenocarcinomas have been identified, 
including an association with Epstein-Barr virus infection, 
MSI, chromosomal instability, and genomically-stable tu-
mours [8]. MSI-positive gastric cancer is associated with the 
presence of H. pylori [9] and has several identifiable clinical 
characteristics. The mismatch repair genes mutL homolog 
1 (MLH1) and mutS homolog 2 (MSH2) are involved in the 
disease. MSI-positive gastric cancers are more prevalent in 
older patients, females, and those with antral cancer, intes-
tinal-type cancer, or a favourable prognosis [10,11]. 

This study determined the long-term results and clinical 
outcomes of patients with gastric epithelial dysplasia or 
early gastric cancer who underwent endoscopic mucosal 
resection or submucosal dissection based on their H. pylori 
infection status and microsatellite stability (MSS).

METHODS

Patients with gastric epithelial dysplasia or early gastric can-
cer who underwent endoscopic mucosal resection or sub-

Background/Aims: Helicobacter pylori eradication may prevent the recurrence of gastric epithelial neoplasia after endo-
scopic treatment. However, H. pylori eradication therapy is unlikely to prevent gastric cancer. This study determined the long-
term results and clinical outcomes of patients with gastric epithelial neoplasia based on H. pylori infection status and micro-
satellite stability (MSS). 
Methods: Patients diagnosed with gastric epithelial neoplasia who underwent an endoscopic mucosal resection or sub-
mucosal dissection between 2004 and 2010 were included in this retrospective study. During the follow-up period (range, 4 
to 14 years), disease recurrence was monitored, and tissue examinations were conducted for seven sets of microsatellite loci 
initially linked to the tumour suppressor gene locus. When H. pylori infection was identified, patients underwent eradication 
therapy.
Results: The patients (n = 120) were divided into three groups: H. pylori-negative with MSS, H. pylori-positive with MSS, 
and microsatellite instability (MSI). After H. pylori eradication, the rate of metachronous recurrence was significantly different 
in the MSI (28.2%) and MSS groups (3.7%, p < 0.01). The mean duration of recurrence was 77 months (range, 24 to 139) 
in the MSI group. There was no recurrence after eradication therapy in patients who were positive for H. pylori in the MSS 
group. 
Conclusion: H. pylori eradication could help prevent gastric cancer recurrence in patients with stable microsatellite loci. 
Careful, long-term monitoring is required in patients with unstable microsatellite loci.
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mucosal dissection from 2004 to 2010 were included in this 
study. Gastric epithelial dysplasia and early gastric cancer 
were classified according to the revised Vienna Classification 
System [12]. The patients were recruited based on a previ-
ous study [13]. This study was approved by the Institutional 
Research Ethics Board of the Catholic University of Korea 
(VC20RASI0196) and conforms to the principles of the Dec-
laration of Helsinki. All patients provided informed consent.

Surveillance esophagogastroduodenoscopy was per-
formed after endoscopic submucosal dissection using 
GIF-H260, GIF-HQ260, and GIF-XQ290 gastroscopes (Olym-
pus Medical Inc., Tokyo, Japan) at 6 and 12 months of fol-
low-up in patients with category III tumours. Annual exam-
inations were conducted for 5 years, and a 2-year follow-up 
protocol was recommended. H. pylori-positive patients were 
identified during each endoscopic examination using silver 
staining or rapid urease test. Surveillance esophagogastrodu-
odenoscopy was performed at 6, 12, 18, and 24 months of 
follow-up in patients with category IV or V tumours. There-

after, examinations were conducted annually for 3 years, 
and a 2-year follow-up protocol was recommended. This 
scheduled endoscopic program was paid for by the Korea 
National Insurance system. Patients infected with H. pylori 
were immediately administered eradication therapy and 
were successfully treated after one or two cycles of eradica-
tion therapy.

The primary outcome in this study was recurrence, which 
was categorised as marginal, metachronous, or synchro-
nous. The secondary outcomes were clinical outcomes such 
as subsequent endoscopic procedures or surgical interven-
tions. A synchronous lesion was defined as a concomitant 
gastric epithelial lesion identified at the time of endoscopic 
resection or a lesion detected within 12 months postoper-
atively. A metachronous lesion was defined as a lesion di-
agnosed more than 12 months postoperatively at the site 
of the primary lesion or located in a different part of the 
stomach (Fig. 1) [14,15].

Figure 1. (A) A 1.6-cm elevated mucosal lesion with a central depression (yellow arrow) is identified on the anterior wall of the proximal 
antrum on initial endoscopy. (B) A surveillance endoscopy 95 months after endoscopic submucosal dissection shows a surgical scar on the 
anterior wall of the proximal antrum. A 1.5-cm elevated mucosal lesion with central depression is shown on the posterior wall of the high 
body (black arrows). It is classified as a metachronous lesion.

A

B
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DNA extraction
Two histopathologists confirmed the diagnoses with tissue 
samples obtained during endoscopic therapy. The tissue 
samples were excluded from the study if the histopathol-
ogists did not agree on a diagnosis. All normal tissues had 
grossly intact mucosa, were at least one centimetre from 
the mucosal lesion, were obtained by gastric biopsy im-
mediately after endoscopic mucosal resection, and had no 
microscopic evidence of malignant cells. Two 40 µm-thick 
tissue sections from tumour and normal tissues were placed 
on glass slides, dehydrated using graded ethanol solutions, 
and dried without a cover glass. The DNA was extracted 
from the tissues during an overnight incubation using 20 
μL of extraction buffer (100 mmol/L Tris-HCl; 2 mmol/L eth-
ylene diamine tetraacetic acid [EDTA], pH 8.0; and 400 μg/
mL of proteinase K) at 55°C. The samples were boiled for 
7 minutes to inactivate the proteinase K, and 1 μL of each 
sample was used in each polymerase chain reaction (PCR) 
amplification.

PCR-single-stranded conformation polymor-
phism analysis
PCR-single-strand conformation polymorphism was used 
to assess the MSS. Seven loci that are associated with tu-
mour suppressor genes were analysed. Using PCR, the DNA 
was amplified at the microsatellite loci linked to the adeno-
matous polyposis coli (APC) locus on 5q21 (D5S505), pos-
sible tumour suppressor or senescence gene loci on 10p15 
(D10S501 and D10S602), p53 locus on 17p13 (TP53), breast 
cancer type 1 (BRCA1) locus on 17q21 (D17S855), and de-
leted in colorectal cancer (DCC) loci on 18q21 (D18S58 and 
D18S61). 

A 10% neutral polyacrylamide gel electrophoresis was 
performed as previously described. In brief, the gel con-
sisted of 4 mL 30% acrylamide (29:1) solution, 2.4 mL 5 
× Tris/borate/ethylenediaminetetraacetic acid (TBE) solution, 
5.6 mL ddH2O, 200 μL 10% ammonium persulfate, and 
10 μL Thermo Scientific Pierce Tetramethylethylenediamine 
(TEMED). PCR product (10 μL) and loading buffer (2 μL; 
95% formamide, 10 mM NaOH, 0.1% bromophenol blue, 
and 0.1% xylene cyanole) were combined, centrifuged for 
15 seconds, denatured at 93°C for 3 minutes, cooled in ice 
for 10 minutes, and loaded on the gel. Electrophoresis was 
conducted in 0.5 × TBE buffer for 2 hours at 100 V and 
at room temperature. MSI was defined as additional bands 
in the tumour sample that were not observed in the corre-

sponding normal sample or as a band shift in the tumour 
sample that contrasted with the corresponding normal 
bands (Fig. 2). 

Based on the DNA analyses, patients were divided into 
three groups: H. pylori negative with MSS; H. pylori positive 
with MSS; and MSI regardless of H. pylori infection status. 
The same follow-up protocol was used for all three groups.

Statistical analysis
Continuous variables are presented as XX, and categorical 
variables are presented as XX. The Student’s t test was used 
to compare continuous variables between the two groups. 
Differences between categorical variables were evaluated 
using the chi-square test. All statistical analyses were con-
ducted using SPSS software version 25.0 (IBM Co., Armonk, 
NY, USA). Statistical significance was set at p < 0.05. 

RESULTS

A total of 120 patients (68 males) who underwent eradica-

Figure 2. Microsatellite instability (MSI). N, normal; T, tumor.
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tion therapy within 1 year of endoscopic submucosal dissec-
tion were included in this study. No patients had re-infection 
cases during the follow-up period. Thirty-six patients were 

H. pylori negative with MSS, 45 were H. pylori positive with 
MSS, and 39 had MSI (including 25 [64.1%] with H. pylori). 
The patients’ clinicopathological characteristics are shown 

Total 120 patients with gastric epithelial dysplasia or cancers
- after successful endoscopic therapy

36 Helicobacter pylori-negative
Microsatellite stable (MSS) tumors

5 Marginal recurrence

4 Synchronous recurrence
3 Metachronous recurrence

4 Synchronous recurrence 
0 Metachronous recurrence

2 Synchronous recurrence
11 Metachronous recurrence

6 Marginal recurrence Marginal recurrence : 2

45 Helicobacter pylori-positive
MSS tumors

39 Microsatellite instability (MSI) tumors 
Regardless Helicobacter pylori infection state

Figure 3. Study diagram and results.

Table 1. Basal characteristics of the enrolled patients

Characteristic H. pylori (–), MSS (n = 36) H. pylori (+), MSS (n = 45) MSI (n=39) p value 

Age, yr 63.94 ± 6.89 63.51 ± 8.71 63.03 ± 6.69 0.89

Male sex 21 (58.3) 23 (51.1) 24 (61.5) 0.61

Atrophy (open type) 20 (55.6) 26 (57.8) 30 (76.9) 0.09

Antral location 18 (50.0) 25 (55.6) 27 (75.0) 0.34

Lesion size (largest diameter), cm 2.59 ± 1.14 2.36 ± 1.29 2.31 ± 1.47 0.79

Category 0.58

3 16 21 15

4 13 9 12

4.4 (cancer)/5 (sm cancer) 7 15 12

Marginal recurrence 5 (13.9) 6 (13.3) 3 (7.7)

Synchronous recurrence 4 (11.1) 4 (8.9) 2 (5.1)

Metachronous recurrence 3 (8.3) 0 11 (28.2) < 0.01

Follow-up duration, mo 100 (24–171) 92 (26–160) 83 (9–162)

Values are presented as mean ± standard deviation, number (%), or median (range).
H. pylori, Helicobacter pylori; MSS, microsatellite stability; MSI, microsatellite instability.
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in Fig. 3. There were no differences in age, sex, presence 
of open type atrophy, lesion size, frequency of antral loca-
tion, or subgroup of epithelial dysplasia between the groups 
(Table 1). The mean follow-up period was 90.75 ± 43.65 
months.

Recurrent lesions were observed in 38 (31.7%) patients. 
The marginal recurrence rate of primary lesions was 11.7% 
(14/120). Excluding marginal recurrence, the true recurrence 
rate was 20.0% (24/120). Three patients (8.3%) who were 
H. pylori negative with MSS had metachronous recurrence, 
and no patients who were H. pylori positive with MSS had 
metachronous recurrence. Eleven (28.2%) patients with 
MSI had metachronous recurrence (Table 2). The recurrence 
(synchronous and metachronous) was significantly higher in 
the MSI group than in the MSS group (33.3% [13/39] vs. 
13.6% [11/81], respectively; p = 0.01). Metachronous recur-
rence was also significantly higher in patients with MSI com-
pared to those with MSS (28.2% [11/39] vs. 3.7% [3/81], 
respectively; p < 0.01) (Fig. 4). The mean durations of recur-
rence were 77 months (range, 24 to 139) in the MSI group 
and 58 months (range, 35 to 74) in the MSS group. A total 

of 70 patients underwent H. pylori eradication therapy, and 
six (8.6%) patients with MSI had metachronous recurrence. 
No metachronous recurrence was observed in patients with 

Table 2. Clinical characteristics of the patients with metachronous recurrence

Characteristic  MSS (n = 3) MSI (n = 11)

Age, yr 68.67 ± 4.93 63.45 ± 7.19

Male sex 1 (33.3) 8 (72.7)

Atrophy (open type) 2 (66.7) 11 (100)

Initial lesion

Antral location 3 (100) 6 (54.5)

Lesion size (largest diameter), cm 2.07 ± 0.90 1.61 ± 0.56

Category

3 3 5

4 0 2

4.4 (cancer)/ 5(sm cancer) 0 4

Metachronous lesion

Antral location 2 (66.7) 4 (36.4)

Lesion size (largest diameter), cm 1.77 ± 0.87 1.51 ± 0.58

Category

3 2 1

4 0 4

4.4 (cancer)/5 (sm cancer) 1 6

Duration of metachronous recurrence, mo 58 (35–74) 77 (24–139)

Values are presented as mean ± standard deviation, number (%), or median (range).
MSS, microsatellite stability; MSI, microsatellite instability.
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Figure 4. Kaplan-Meier curve for metachronous free survival. H. 
pylori, Helicobacter pylori; MSS, microsatellite stability; MSI, mi-
crosatellite instability.
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H. pylori infection and MSS after eradication therapy.
Most patients with recurrence underwent repeated en-

doscopic therapy. Complete resection was conducted in 
28 (73.7%) patients. Five patients with MSI were surgically 
treated due to incomplete resections (n = 4) or not meeting 
the criteria for a curative resection (n = 1). In the MSS group, 
four patients underwent operations and one had metasta-
sis. The requirement of surgical resection was not statistical-
ly different between patients with MSS and those with MSI 
(p = 0.27).

DISCUSSION

A multistep, adenoma-to-carcinoma sequence has been es-
tablished for colon cancer [16]. The multi-step carcinogenic 
cascade model of H. pylori-induced intestinal-type gastric 
adenocarcinoma includes the change from normal gastric 
epithelium to chronic gastritis to chronic atrophic gastritis 
to intestinal metaplasia (IM) to epithelial dysplasia to gas-
tric cancer [17]. H. pylori eradication is strongly correlated 
with an improvement in atrophic gastritis in the corpus and 
antrum of the stomach and in the antrum but not in the 
corpus in patients with IM [18]. It is unclear if patients with 
dysplasia benefit from H. pylori eradication, though it is be-
lieved to be unlikely. 

The risk of metachronous recurrence after endoscopic 
submucosal dissection is higher in patients with persistent 
H. pylori infection than in those whose infection has been 
eradicated [19-22]. H. pylori eradiation may reduce the risk 
of metachronous recurrence following endoscopic thera-
py. However, in some patients, H. pylori eradication ther-
apy does not eliminate the risk of gastric cancer [23,24]. 
In a large-scale, prospective, randomised controlled trial, 
4.1% of patients in whom H. pylori had been eradicated 
had metachronous cancer recurrence during a 5.9-year fol-
low-up [9]. In this study, 70 patients underwent H. pylori 
eradication therapy and 8.6% had metachronous recur-
rence with a median follow-up period of 7.0 years. A recent 
meta-analysis revealed that metachronous gastric lesions 
developed in 6.0% of patients who underwent eradication 
therapy compared with 7.2% of patients with persistent H. 
pylori and 5.9% of patients without H. pylori. 

Limited data regarding the risk factors of metachronous 
recurrence have been reported, though family history of 
gastric cancer and relatively old age (> 70 years) have been 

indicated as risk factors [25,26]. As older age is a risk factor 
for most cancers, this risk factor is well-established. How-
ever, Lim et al. [27] reported that the absence of H. pylori 
infection was an independent risk factor for metachronous 
neoplasms, including dysplasia. This may be due to the fact 
that long-term H. pylori infection can lead to severe atrophic 
gastritis with IM, rendering H. pylori undetectable. Hypoch-
lorhydria or achlorhydria following severe atrophy results in 
the overgrowth of bacteria in the gastric microbiota, leading 
to gastric cancer. A previous study reported that the risk 
for gastric cancer according to 5-year incidence rates was 
9.8% in patients with corpus IM and 10.0% in patients with 
severe atrophy [28]. In addition, the genetic events induced 
by H. pylori infection may be irreversible or on-going after 
H. pylori eradication [29]. H. pylori infection may lead to 
gastric cancer via gene mutations that cannot be reversed 
with eradication therapy. This hypothesis may explain why 
the reduction of metachronous gastric cancer via H. pylori 
eradication is ambiguous in high-risk populations. Several 
researchers have attempted to reverse gastric carcinogen-
esis via H. pylori eradication with no success [30,31]. As a 
surrogate marker for gastric carcinogenesis, MSI may be 
used as a marker for H. pylori-negative gastric cancer after 
eradication therapy. While the Bethesda Panel may be cor-
related with MSI, especially in colorectal cancers [32], the 
gene loci identified in this study may better reflect MSI in 
patients with gastric cancer. More studies are required to 
elucidate the exact loci in patients with gastric cancer.

This study is not without limitations, including the retro-
spective design. However, the findings remain significant as 
the endoscopic follow-up program was standardized for all 
patients after endoscopic submucosal dissection. In addi-
tion, the overall prevalence of H. pylori infection was much 
lower than that expected in an Asian cohort with gastric 
cancer, as patients with a history of eradication were not 
excluded due to lack of documentation of previous eradi-
cation therapy. H. pylori infection was diagnosed using sil-
ver staining and rapid urease tests. More sensitive methods, 
such as serological testing or molecular detection using PCR, 
should be used in future studies. To overcome this limita-
tion, tissue-based H. pylori tests were repeated during each 
endoscopic examination. Although the eradication history 
prior to endoscopic submucosal dissection was unknown, 
it is likely that most patients did not previously undergo H. 
pylori eradication therapy, as medical insurance only covers 
H. pylori eradication therapy after an endoscopic submu-
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cosal dissection or in patients with peptic ulcer disease in 
Korea. Another limitation of this study is that the validity of 
the MSI is unclear, and repeated evaluations of MSI are lack-
ing. Five microsatellite markers (BAT25, BAT26, D2S123, 
D5S346, and D17S250) were identified for colon cancer in 
the National Cancer Institute Workshop on MSI [32]. How-
ever, no consensus regarding MSI in patients with gastric 
cancer has been reached, especially during the recruitment 
period of this study. Various microsatellite markers can be 
used to measure MSI. A recent study suggested that MSI 
in mismatch repair and tumour suppressor genes and gene 
expression profiling can provide important targets for the 
development of biomarkers in gastric cancer [33]. Several 
molecular markers may be used as MSI biomarkers for the 
diagnosis of gastric tumorigenesis after further validation. 
The effectiveness and cost-effectiveness of biomarkers must 
be determined. The current cost of examination for five 
MSI markers is approximately 500 USD when not covered 
by medical insurance. This study is also limited by the fact 
that patients’ family history of gastric cancer was not clear-
ly documented. This risk factor may help explain the high 
prevalence of H. pylori-negative patients in this study. Fu-
ture studies should include a thorough family history. 

In conclusion, H. pylori eradication therapy may be less 
effective in preventing metachronous recurrence in patients 
with MSI. When MSI was detected in gastric lesions, meta-
chronous recurrences occurred over a relatively long fol-
low-up period. These results indicate that MSI affects the 
development of epithelial dysplasia consistently and chron-
ically. Therefore, careful long-term surveillance is necessary. 
However, the maximal benefit of preventing gastric cancer 
can be achieved by H. pylori eradication therapy in patients 
with MSS. The identification of patients at high risk for gas-
tric cancer after H. pylori eradication is necessary, and MSI 
may be a strong predictive marker. 

Conflict of interest
No potential conflict of interest relevant to this article was 
reported.

REFERENCES

1. Leontiadis GI, Ford AC. Helicobacter pylori eradication: gastric 

cancer prevention. BMJ Clin Evid 2015;2015:0406.

2. Lee YC, Chiang TH, Chou CK, et al. Association between 

Helicobacter pylori eradication and gastric cancer incidence: 

a systematic review and meta-analysis. Gastroenterology 

2016;150:1113-1124.

3. Choi IJ, Kook MC, Kim YI, et al. Helicobacter pylori therapy 

for the prevention of metachronous gastric cancer. N Engl J 

Med 2018;378:1085-1095.

4. Choi JM, Kim SG, Choi J, et al. Effects of Helicobacter pylori 

eradication for metachronous gastric cancer prevention: a ran-

domized controlled trial. Gastrointest Endosc 2018;88:475-

485.

5. Wong BC, Lam SK, Wong WM, et al. Helicobacter pylori erad-

ication to prevent gastric cancer in a high-risk region of China: 

a randomized controlled trial. JAMA 2004;291:187-194.

6. Choi J, Kim SG, Yoon H, et al. Eradication of Helicobacter 

pylori after endoscopic resection of gastric tumors does not 

reduce incidence of metachronous gastric carcinoma. Clin 

Gastroenterol Hepatol 2014;12:793-800.

7. Watari J, Tomita T, Tozawa K, Oshima T, Fukui H, Miwa H. 

Preventing metachronous gastric cancer after the endoscopic 

resection of gastric epithelial neoplasia: roles of Helicobacter 

pylori eradication and aspirin. Gut Liver 2020;14:281-290.

8. Van Cutsem E, Sagaert X, Topal B, Haustermans K, Prenen H. 

Gastric cancer. Lancet 2016;388:2654-2664.

9. Leung WK, Kim JJ, Kim JG, Graham DY, Sepulveda AR. Micro-

satellite instability in gastric intestinal metaplasia in patients 

with and without gastric cancer. Am J Pathol 2000;156:537-

543.

10. Velho S, Fernandes MS, Leite M, Figueiredo C, Seruca R. 

KEY MESSAGE
1. Helicobacter pylori eradiation may reduce the risk of 

metachronous recurrence of gastric cancer follow-
ing endoscopic thera py. However, in some patients, 
H. pylori eradication ther apy does not eliminate the 
risk of gastric cancer.

2. Microsatellite instability may be used as a marker 

for H. pylori-negative gastric cancer after eradica-
tion therapy.

3. H. pylori eradication therapy in patients with micro-
satellite stability could give a great benefit of pre-
venting gastric cancer. 

www.kjim.org


       

776 www.kjim.org

The Korean Journal of Internal Medicine Vol. 37, No. 4, July 2022 

https://doi.org/10.3904/kjim.2021.229

Causes and consequences of microsatellite instability in gastric 

carcinogenesis. World J Gastroenterol 2014;20:16433-16442.

11. Lee HS, Choi SI, Lee HK, et al. Distinct clinical features and 

outcomes of gastric cancers with microsatellite instability. 

Mod Pathol 2002;15:632-640.

12. Stolte M. The new Vienna classification of epithelial neoplasia 

of the gastrointestinal tract: advantages and disadvantages. 

Virchows Arch 2003;442:99-106.

13. Chung WC, Jung SH, Lee KM, et al. Genetic instability in 

gastric epithelial neoplasias categorized by the revised vienna 

classification. Gut Liver 2010;4:179-185.

14. Nishida T, Tsujii M, Kato M, et al. Endoscopic surveillance 

strategy after endoscopic resection for early gastric cancer. 

World J Gastrointest Pathophysiol 2014;5:100-106.

15. Lee HJ, Lee YJ, Lee JY, et al. Characteristics of synchronous 

and metachronous multiple gastric tumors after endoscopic 

submucosal dissection of early gastric neoplasm. Clin Endosc 

2018;51:266-273.

16. Fearon ER. A genetic basis for the multi-step pathway of col-

orectal tumorigenesis. Princess Takamatsu Symp 1991;22:37-

48.

17. Correa P, Piazuelo MB. The gastric precancerous cascade. J 

Dig Dis 2012;13:2-9.

18. Kong YJ, Yi HG, Dai JC, Wei MX. Histological changes of 

gastric mucosa after Helicobacter pylori eradication: a sys-

tematic review and meta-analysis. World J Gastroenterol 

2014;20:5903-5911.

19. Jung S, Park CH, Kim EH, et al. Preventing metachronous gas-

tric lesions after endoscopic submucosal dissection through 

Helicobacter pylori eradication. J Gastroenterol Hepatol 

2015;30:75-81.

20. Nakata R, Nagami Y, Hashimoto A, et al. Successful eradi-

cation of Helicobacter pylori could prevent metachronous 

gastric cancer: a propensity matching analysis. Digestion 

2021;102:236-245.

21. Xiao S, Li S, Zhou L, Jiang W, Liu J. Helicobacter pylori status 

and risks of metachronous recurrence after endoscopic re-

section of early gastric cancer: a systematic review and me-

ta-analysis. J Gastroenterol 2019;54:226-237.

22. Han SJ, Kim SG, Lim JH, et al. Long-term effects of Helico-

bacter pylori eradication on metachronous gastric cancer de-

velopment. Gut Liver 2018;12:133-141.

23. Choe AR, Shim KN, Kim TO, et al. Risk factors for metachro-

nous recurrence after endoscopic submucosal dissection of a 

gastric neoplasm. Korean J Helicobacter Up Gastrointest Res 

2019;19:184-192.

24. Kim SB, Lee SH, Bae SI, et al. Association between Helico-

bacter pylori status and metachronous gastric cancer after 

endoscopic resection. World J Gastroenterol 2016;22:9794-

9802.

25. Park WY, Lee SJ, Kim YK, et al. Occurrence of metachronous 

or synchronous lesions after endoscopic treatment of gastric 

epithelia dysplasia- impact of histologic features of back-

ground mucosa. Pathol Res Pract 2018;214:95-99.

26. Chung CS, Woo HS, Chung JW, et al. Risk factors for meta-

chronous recurrence after endoscopic submucosal dissection 

of early gastric cancer. J Korean Med Sci 2017;32:421-426.

27. Lim JH, Kim SG, Choi J, Im JP, Kim JS, Jung HC. Risk factors 

for synchronous or metachronous tumor development after 

endoscopic resection of gastric neoplasms. Gastric Cancer 

2015;18:817-823.

28. Shichijo S, Hirata Y, Niikura R, et al. Histologic intestinal meta-

plasia and endoscopic atrophy are predictors of gastric cancer 

development after Helicobacter pylori eradication. Gastroin-

test Endosc 2016;84:618-624.

29. Malfertheiner P. Gastric atrophy reversible or irreversible after 

Helicobacter pylori eradication: an open question. Digestion 

2011;83:250-252.

30. Venerito M, Malfertheiner P. Preneoplastic conditions in the 

stomach: always a point of no return? Dig Dis 2015;33:5-10.

31. Wright NA. Gastric carcinogenesis: when is the point of no 

return? In: Hunt RH, Tytgat GNJ, eds. Helicobacter pylori. Dor-

drecht: Springer, 1998:325-335.

32. Murphy KM, Zhang S, Geiger T, et al. Comparison of the mi-

crosatellite instability analysis system and the Bethesda panel 

for the determination of microsatellite instability in colorectal 

cancers. J Mol Diagn 2006;8:305-311.

33. Verma R, Agarwal AK, Sakhuja P, Sharma PC. Microsatellite 

instability in mismatch repair and tumor suppressor genes 

and their expression profiling provide important targets 

for the development of biomarkers in gastric cancer. Gene 

2019;710:48-58.

www.kjim.org

